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The effects of pressure on emission current noise have been studied. Field emission currents from
50350 arrays and single emitter silicon devices were observed over a range of pressures. The
current fluctuations were analyzed in both the time and frequency domain. Signal to noise ratios
between 0.9 and 6.9 were observed and appear to be more dependent on operation time and current
than on pressures. At higher pressures, emission currents are reduced and the current is cut off
completely above a threshold pressure which is somewhere in the 10 s of Torr. Plasmas were
observed in the mTorr range. The total current from a 50350 tip array was measured to be only one
order of magnitude greater than that for a single tip, suggesting that only 4–10 of the emitters in the
array were functional. Spectral density coefficients of low frequency measurements range from 1.37
to 1.81. Some pressure dependence is suggested in the lower pressure ranges. The single emitter
exhibited burst noise with a cutoff frequency of about 10 Hz. ©1997 American Vacuum Society.
@S0734-211X~97!01302-4#
ng
a
t
o
d
sio
im
ug
e
to
m
se
e
oi
,
s

.
in
b
rin
th
ke

c
a
s
is
o

re
a

th,

ent.
to
ome
d 2
field

low
s a
ally
at
for

on
er
er-
of
ed
orse

n-
l to
b-
istic
pres-

de-
I. INTRODUCTION

Vacuum microelectronic devices are quickly becomi
established as a viable technology for flat panel displays
other electron gun device applications. Consequently, i
increasingly necessary to understand aspects of device n
and lifetime. Factors associated with device lifetime inclu
tip destruction due to ion bombardment, excessive emis
current, and contamination of the emitter tips. One very
portant method of investigating these phenomena is thro
the study of the environment in which the emitters are op
ating, for instance, by attaching a residual gas analyzer
system and studying the outgassing of phosphors or the e
ters themselves.1 Another method is to study the device noi
under various conditions, for example, different system pr
sures, and to relate these data to specific events, i.e., n
Furthermore, as device applications become more diverse
understanding of the noise characteristics of individual tip
becoming important. Knowledge of such characteristics
vital to the design of any vacuum microelectronic device

Device noise can most simply be observed by monitor
the changes in current over time. Such information may
used to quickly assess the stability of a device. By measu
the average current and observing the deviation from
average, it is possible to obtain signal to noise ratios, a
device design constraint.

Another method of observing noise is in the frequen
domain. This method, though not as straightforward
simple current observations, may be used to give insight
the types of noise contributing to the total fluctuation. Th
information is valuable in determination and removal
noise sources.

There are two major types of noise that become appa
when these types of measurements are done. The first

a!Electronic mail: g13146@email.sps.mot.com
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most noticeable is flicker, or 1/f noise. This type of noise is
described by

S~ f !5
C

f g , ~1!

whereS( f ) is the noise power, dependent on the bandwid
g is the spectral density index, and the value ofC is depen-
dent on the magnitude of the measured voltage or curr
The 1/f behavior of this type of noise ranges from dc
some higher frequency where other noise sources bec
dominant. The spectral density may vary between 1 an
and has been measured between 1.1 and 1.8 for silicon
emitter devices.2,3

The second type of noise that may be observed in the
frequency spectrum is burst noise. Burst noise also follow
1/f type of response, however, since the bursts norm
have a minimum frequency, there is a cutoff frequency
some finite frequency above dc. The spectral density
burst noise is normally near 2.4,5

In this study we examined the low frequency emissi
current fluctuations from silicon field emission devices und
different vacuum conditions. Initial measurements were p
formed using array devices evaluated under a vacuum
231026 Torr. These data are compared with data obtain
from arrays and single emitters tested under better and w
vacuum conditions. In addition to 1/f noise, the extent of
fluctuation was observed. Variation of current with time, i
dependent of frequency, was measured and the signa
noise ratio determined. By considering all of the above o
servations, an impression of nature of the noise character
to these devices and the dependence of such noise on
sure is obtained.

II. EXPERIMENTAL PROCEDURE

Noise measurements were done using 50350 emitter ar-
rays and single emitter gold gated silicon field emission
40115(2)/401/4/$10.00 ©1997 American Vacuum Society
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vices fabricated using the method previously described3,6

The gate and cathode were controlled using a semicondu
parameter analyzer which was able to source and monito
terminals. The devices were tested under dc condition
fixed gate voltages. Field emission electrons were collec
using a metallic or phosphor anode located between 0.5
3 mm from the gate/cathode structure. Electrical contac
the anode was made via a feedthrough at the opposite en
the vacuum chamber from the gate and cathode leads. An
biasing was done by directly connecting the parameter a
lyzer to the anode. This allowed measurement of the an
current at each sample interval. Since the minimum sam
interval of the parameter analyzer was limited to 8 ms,
frequency spectrum was limited to below 62.5 Hz.

Measurements were done at pressures between 231022

and,1028 Torr. The measurements at,1028 Torr were
done in a separate chamber. The other measurements
done in the same chamber using the gate valve on the
pump to control the pressure above the base pressure.
ther the devices nor the chambers were baked out prior to
study.

Current data were observed in three different ways. F
general trends of the current magnitude were observed
50350 arrays at different pressures. Next, current fluct
tions over time were observed and the signal to noise r

FIG. 1. The change of current with change in pressure.

FIG. 2. Typical current–time data measured at 231026 Torr. Note the initial
high current.
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was calculated. Finally, these time based data were conve
into frequency space and the low frequency noise po
spectra were obtained.

III. RESULTS AND DISCUSSION

General observations of the effects of pressure were d
on 50350 arrays of tips. Currents measured from the devi
ranged from about 0.5 to 4mA. Factors affecting the curren
included gate bias and the number of tips on the device
were emitting. Current–time measurements were made
several different pressures. During the measurements,
observations about the current behavior were made. Firs
the pressure was raised into the mTorr range, there w
threshold where emission stops completely. In some ca
plasmas were observed before this threshold was reac
Once the pressure was brought back down into the rang
operation, the emission current resumed. This phenome
was observed for both anode and gate currents, sugge
that a large portion of the field emission current is bei
collected by the gate. Figure 1 shows a plot of current
time where the chamber pressure was initially set above
stable emission threshold by closing the high-vacuum va
The pressure was then lowered after 30 s by opening
valve. As the pressure dropped the emission current r
when the pressure stabilized, so did the emission curren

The second observation was that the emission cur
dropped when the devices were turned on by immedia

TABLE I. Average current, signal to noise ratio, maximum and minimu
currents from 50350 arrays at different pressures.Vgate524 V.

Pressure
~Torr!

AverageI
~mA! S/N

Max I
~mA!

Min I
~mA! Comment

231024 1.07 2.3968 4.36 0.816
231024 0.96 2.1526 3.88 7.84
231024 0.92 6.5097 1.19 6.17 After 30 s
231025 1.29 2.1311 5.65 1.00
231025 1.27 2.1675 4.74 0.90
231025 0.83 6.9703 1.11 0.68 After 30 s
231026 1.36 2.0893 4.86 0.86
231026 1.22 2.5574 1.93 0.62
231026 0.70 6.8561 1.00 0.61 After 30 s
,1028 2.92 3.2678 4.40 1.88
,1028 3.31 4.0878 4.89 2.41
,1028 3.23 3.9800 5.11 2.35

TABLE II. Average current, signal to noise ratio, maximum and minimu
currents from a single emitter at different pressures.Vgate530 V.

Pressure
~Torr!

AverageI
~mA! S/N

Max I
~mA!

Min I
~mA! Comment

231025 0.058 2.6461 0.106 0.040 After 30 s
231025 0.030 3.1897 0.056 0.020 After 30 s
231026 0.164 1.7832 0.329 0.057
231026 0.090 3.7949 0.123 0.063 After 30 s
231026 0.093 3.6664 0.132 0.063 After 30 s
431027 0.088 1.5638 0.260 0.027
431027 0.058 1.6989 0.135 0.040
431027 0.118 5.3628 0.136 0.087 After 30 s
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switching the gate voltage to the bias value. The emiss
current initially started out at a high value, then dropped t
lower level in a few seconds. Figure 2 shows a current–t
plot at a single pressure measured from when the device
turned on. Several measurements of anode current at fi
gate voltages were made at various pressures. In some
the measurements were made when the device was tu
on, in others the current was allowed to stabilize before no
measurements were taken. The average current, standard
rent deviation, and noise power-frequency response were
culated for each case. A signal to noise ratio was calcula
by

S/N5average current/2* standard deviation. ~2!

The results of these measurements are tabulated in Ta
for a 50350 array device and in Table II for a single emitte

In all cases the signal to noise ratio was never greater
6.9. It was found that, if the emission was allowed to sta
lize, the ratio became higher. In general, for arrays there
no significant difference in the S/N ratio at pressures
tween 231026 and 231024. However, when the signal to
noise ratio was highest, the current was at a minimum.
lower pressures, the values obtained were more consiste
higher current values. It is difficult to make any conclusi
about the exact cause of the stabilization phenomenon. H
ever, since the process was repeatable and was less n
able in better vacuum, it may be that contaminant desorp
is involved. The initial instability is consistent with observ

FIG. 3. Low frequency noise at various pressures.

TABLE III. Calculated spectral density at different pressures~50350 array!.

Pressure
~Torr!

Spectral
density

131028 1.3669
131026 1.7366
131025 1.8093
131024 1.5364
JVST B - Microelectronics and Nanometer Structures
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tions by Bustaet al.7 Single emitter results are similar t
those of the array, though the signal to noise ratio is sma
after stabilization.

An examination of the current levels observed from t
two devices makes it possible to make some assumpt
about the number of emitters that are functioning on
array device. It is expected that the amount of current
tracted from a device is proportional to the number of em
ters and the overall noise in an array is reduced byn20.5

wheren is the number of emitters.8 Though the gate voltage
of the data shown in Table I and Table II differ by 6 V, th
difference between the average currents should be cons
ably more than just an order of magnitude if there are curr
contributions from a significant number of tips in the arra
This is particularly true since current from the array w
measured at as low as 20 V while the single emitter did
produce measurable emission until about 25 V, most lik
due to physical differences in the emitters. Noting that

FIG. 4. Frequency vs noise power of a 50350 array and a single emitte
taken at 231026 Torr. Vgate for the array is 24 V andVgate for the single
emitter is 30 V.

FIG. 5. Frequency vs noise power of a single emitter at 30 V. Curve fits
done to the portions above and below 10 Hz separately. The spectral de
of the portion above 10 Hz is 2.3529. The discrete change in slope of
curve suggests the dominance of burst noise above 10 Hz.
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average current from the array is on the order of 1mA and
that from the single emitter is about 0.1mA and assuming
that the emission scales with the number of emitters, it
pears that only about 10 emitters are actually functioning
the total noise should decrease byn20.5, the S/N should in-
crease by

S/NArray5
S/NSINGLE
n20.5 . ~3!

When comparing the signal to noise ratio of the stabiliz
signals, at best the array S/N ratio is only a factor of 2 be
which would indicate as little as only 4 tips are emitting.

IV. LOW FREQUENCY NOISE

Flicker noise was analyzed by converting current–time
noise power-frequency data using fast Fourier transfo
~FFT! calculations. Figure 3 shows the frequency space d
of a 50350 array at four different pressures. The straig
lines represent curves fit to the noise equation~1!, and the
spectral densities from these fits are shown in Table III. T
spectral density for the low pressure data is much lower t
the others and there is a trend towards increasingg until
231024 is reached. At this pointg starts to lower once again
The reason for this is not known, however, since meas
ments were done at constant gate voltage rather than con
anode current, it may be that the change ing may be related
to a drop in emission current at higher pressures.

A single emitter was also analyzed. Similar measureme
to the 50350 array were taken. In this case the spectral d
sity appeared to be much greater. Also, there was virtu
no difference between the values at 231026 and 231027,
whereas in the 50350 array the trend was for this tog in-
crease as the pressure raises. Figure 4 shows the frequ
noise power plot of the above array~Vg524 V! and a single
emitter~Vg530 V! measured at a pressure of 231026 Torr.
Note that the noise spectrum of the array is linear wh
plotted on this scale, however the single emitter spectrum
not. There is a distinct bend in the spectrum of the sin

TABLE IV. Calculated spectral density at different pressures~single tip!.

Pressure
~Torr!

Spectral
density

131027 2.0307
131026 1.9926
131025 1.7966
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emitter at about 10 Hz. When these data are separated
the bend~as is done in Fig. 5! it is possible to obtain a
spectral density value for both portions of the curve. Doi
this shows the spectral density forf,10 Hz is 1.6307 and
that for f.10 Hz is 2.3529. This distinct cutoff suggests th
for the single emitter, burst noise is a dominating factor.
the case of an emitter array the burst noise is averaged
the flicker noise, common to all the emitters, becomes
dominating factor. Table IV lists the fit single-emitter spe
tral densities at several relevant pressures.

V. SUMMARY

Several observations of noise have been made on
gated silicon field emission devices. These devices sho
signal to noise ratio between 2.1 and 6.9 for the arrays
1.5 and 5.4 for the single tip. Though the signal to noise ra
did not change with pressure, it did change with the to
amount of current. The current level, however, was found
be influenced by the chamber pressure in two ways. The
was that the current was not present at pressures above a
mTorr, and increased as the pressure was lowered. Sec
after a device was turned off for a few minutes, then turn
back on again, the initial current was much greater than
final steady-state current. In this way the signal to noise ra
was influenced by pressure.

Low frequency flicker and burst noise was also observ
Both the arrays and single emitter exhibited flicker noise.
the case of the arrays a slight dependence on pressure
found by observing the spectral density. The single emi
spectrum was dominated by burst noise at frequen
greater than 10 Hz.
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