
Lawrence Berkeley National Laboratory
Recent Work

Title
A Metal-Oxide-Silicon (MOS) Device for Detecting Microparticle Impacts

Permalink
https://escholarship.org/uc/item/27v802tc

Authors
Benner, W.H.
Rossington, C.S.
Jaklevic, J.M.

Publication Date
1996-02-20

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/27v802tc
https://escholarship.org
http://www.cdlib.org/


LBL-37051 
UC-406 
Preprint 

Lawrence I®Jrt®ll®y lLtalltJ)(Q)lftat~({))Jry 
UNIVERSITY OF CALIFORNIA 

Engineering Division 

Submitted to Aerosol Science and Technology 

A Metal-Oxide-Silicon (MOS) Device for 
Detecting Microparticle Impacts 

W.H. Benner, C.S. Rossington, and J.M. Jaklevic 

February 1996 

(j 
Q g 

:P;, 
~ 

Ill 
' ...... 

--- -- -·· 
' 

---
:n 
I"T'' 

(') ., 
.... em 
-,o;:c 
oll)m 
c Ill z ...... (') 
DJZI"T'' 
r+O 
11) r+o 

0 
'"0 
< 

0..---
CQ 

U1 
lSI ,..... ,.... Ill .... ,.... 
0" (') I , , 0 w· 
DJ "CJ -...1 

I 
, C< lSI 
C< U1 . .... .... 

Prepared for the U.S. Department of Energy under Contract Number DE-AC03-76SF00098 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



A Metal-Oxide-Silicon (MOS) Device for 
Detecting Microparticle Impacts 

W. Henry Benner, Carolyn S. Rossington, and Joseph M. Jaklevic 

Human Genome Center Instrumentation Group 
Engineering Division 

Ernest Orlando Lawrence Berkeley National Laboratory 
University of California 

Berkeley, California 94720 

February 1996 

LBL-37051 
UC-406 

This work was supported by the Director, Office of Energy Research, Office of Health and Environmental 
Research, Human Genome Program, of the U.S. Department of Energy under Contract No. DE-AC03-
76SF00098. 



A Metal-Oxide-Silicon (MOS) Device for Detecting Microparticle Impact~ 

W. Henry Benner, Carolyn S. Rossington and Joseph M. Jaklevic 
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Engineering Science Department 
Lawrence Berkeley National Laboratory 
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Abstract 

Thin film metal-oxide-silicon (MOS) devices were evaluated as detectors for microparticle impacts. 
The devices were fabricated with a range of thickness of oxide so that the sensitivity of the devices 
could be determined as a function of oxide thickness and bias voltage. Thin films of silicon dioxide 
(125 to 10000 A) were thermally grown on phosphorus-doped silicon wafers and overlaid withAl 
(200 A) or Tii\V (200 A) and the integrity of the oxide film was evaluated by measuring device 
leakage current as a function of bias voltage. Devices characterized by a small leakage current, 
were subsequently bombarded with test particles which induced dielectric breakdown in devices 
with an oxide layer thinner than 500 A. The nature of the breakdown was momentary, thus 
creating current pulses, but adequately energetic to destroy catastrophically the device at the point 
of impact. The catastrophic events vaporized a crater in the Al film surrounding the impact spot, 
rendering the spot electrically isolated and permanently inactive, while adjacent areas of the detector 
retained function. MOS devices fabricated with oxide layers :::;; 500 A and coated with Al registered 
the impact of sonic velocity glass particles at least as small as 2 J.lm in diameter. Devices fabricated 
with Tii\V metallization did not register particle impacts but simply shorted permanently when 
bombarded with particles, presumably due to the lack of metal vaporization at the point where 
discharge through the oxide occurred. · 

Introduction 

The detection of individual particles impacting a surface could provide a way to transform aerosol 
impactors into particle counters and an approach to study small particles with time-of-flight 
techniques. Such a detector could be used to detect particles as they are collected on the stages of a 
cascade impactor. A detector of this semblance also could be used as a "stop" detector to register 
particles after they travel through a flight tube. The real-time detection of individual microparticle 
impacts generated with a typical aerosol impactor has not been reported extensively in the 
literature, 1 perhaps because of the absence of appropriate detectors. Particle beam or mass 
spectrometry systems2

•
3

•
4

•
5

•
6

•
7

•
8

•
9 sometimes used to study individual particles in vacuum would 

likely benefit from the development of such a detector. A common approach which circumvents the 
lack of detectors for measUring individual microparticle impacts is to measure the accumulation of 
particles on an impactor surface by measuring the current transferred to the surface while a 
continuous flow of particles is sampled.10 If particles have unit charge, a pA corresponds to the 
collection of about 107 particles per second. Another approach is to impact particles onto an 
oscillating piezoelectric crystal and detect the accumulated mass by measuring the change in 
frequency of the oscillating crystal. 11

•
12 These two measurement approaches provide real time 

signals but do not respond to individual submicron-sized particles. To detect individual particle 
impacts, impact velocities much greater than those typically attained in an aerosol impactor must be 



provided. Several devices designed to detect hypervelocity (velocity > 1 km/sec) particles have 
been reported. The devices detect particle impacts by impact ionization,13

•
14 piezoelectrically,15 and 

by film depolarization. 16 Such hypervelocity impact detection schemes work only for energetic 
impacts such as those produced by high voltage particle accelerators17

'
18

'
19

•
20 or when cosmic dust 

impacts21 onto detectors carried by spacecraft. 

The work reported here addresses an experimental requirement we have to detect very large 
deoxyribonucleic acid (DNA) molecules after they are segregated according to mass/charge ratio in 
a mass spectrometer. Large DNA molecules in the gas phase might alternatively be viewed as 
microparticles. For reference, a 300,000 Da molecule of DNA (456 base pairs) weighs 5 x 10-19 g 
and, if collapsed into a ball, has a diameter of 0.01 J..Lm. Molecules of this size and larger ones can 
be separated by gel electrophoresis but the analysis of such molecules by time-of-flight techniques 
is attractive because of potential time savings. Our desire to detect large DNA molecules extends to 
complete chromosomes but for our immediate application, the upper size requirement is to detect 
molecules or particles as large as 0.05 J..Lm in diameter. This regime, corresponding to particles 
from 0.05 J.lm down to about 0.01 J..lm diameter, is currently very difficult, if not impossible, to 
detect in real time in reduced pressure environments such as in the vacuum environment of a mass 
spectrometer. The field of semiconductor fabrication would also benefit from the development of 
detectors for particles in this size regime. Particles commonly referred to as contamination 
particles22 are generated in reduced pressure operations used to process silicon wafers,23

'
24 and 

many are invisible to current particle detectors. 

The present constraints for detecting particles in the 0.01 to 0.05 J..Lm diameter size range in reduced 
pressure environments pertain to the way current particle detector technologies function. Below 
about 0.05 J.llll diameter, individual particles do not scatter light well and are therefore difficult, if 
not impossible, to detect in real-time via light scatter from a laser beam. If we assume that the 
smallest individual particle detectable via laser light scatter is 0.05 J.Lm in diameter,25 then only 
those DNA molecules larger than 3.1 x 106 Da are detectable by this approach. This excludes light 
scattering approaches for time-of-flight detection methodologies, except for extremely large DNA 
molecules. A second approach based on electrostatic acceleration could be considered but can be 
shown to be inappropriate for particles in this size range. Above about 0.01 J.lm diameter, charged 
particles or ions are too heavy to be accelerated to velocities that create secondary electrons upon 
impact with a surface. Electron multipliers or microchannel plates function only if ion impacts 
exceed a velocity threshold which is difficult to exceed with acceleration voltages used in most 
types of mass spectrometers. 

An impact velocity threshold of 2 x 106 em/sec is currently accepted as the lowest velocity that will 
produce at least one secondary electron for each incident particle. 26 When the regime of particulate 
matter between 0.01 J.lm and 0.05 J.lm is reconsidered, the application of secondary electron 
formation as an approach for detectingimpacting particles is daunting. For example, a 0.01 J.lm 
diameter particle with a mass-to-charge (m/z, expressed as Da per number of charges) ratio of 8 x 
105 

, charged to the electron limit of 44 electrons27 and accelerated through 104 volts, attains a 
terminal velocity of only 2.5 x 105 em/sec in vacuum, which is less than the threshold for 
secondary electron formation. In this example, a value of 104 volts was used because this is within 
the range of acceleration voltages of mass spectrometers. Larger accelerating voltages could be 
used but will not satisfactorily solve the velocity deficit problem because high voltage engineering 
and associated safety considerations make the high voltage approach undesirable for voltages in 
excess of 100,000 volts. The application of secondary electron detection appears more plausible if 
electron multipliers are used as the impactor surface. Zimmermann, et al.28 recently detected singly 
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charged 2.5 x 106 Da Cesium atom clusters (rnlz=2.5 x 106 
, 0.017 ~m diameter if a cluster density 

of 1.9 is assumed) with microchannel plates; however they did not report the detection efficiency 
of the large clusters, which could be small. Five hundred and ten thousand (510,000) Da singly
charged protein molecules, with an equivalent diameter of about 0.01 ~m, have also been detected 
mass spectrometrically,29 but again, this size of molecule is not detected efficiently with electron 
multipliers. Hopefully, these comments show that the constraints to the detection of particles using 
conventional electrostatic acceleration and impact d~tection via secondary electron formation are 
inadequate for detecting ions or particles in the 0.01-0.05 ~diameter range. 

Metal-oxide-silicon (MOS) devices consist of a film of silicon dioxide, grown on a silicon 
substrate overlaid with a metal film. Thick film MOS devices, with oxide layers several ~m thick, 
have been developed for the detection of hypervelocity particle impacts30 and were used to generate 
information about the nature and origin of cosmic dust particles. The National Aeronautics and 
Space Administration and the European Space Agency launched these devices as part of the 
instrumentation packages of several space probes. The Long Duration Exposure Facility (LDEF) 
satellite was equipped with several MOS particle impact detectors.31 Numerous particle impacts 
were recorded with MOS particle detectors as the Giotto spacecraft encountered the coma of Comet 
Halley.32

•
33 The sensitivity of these devices was determined by bombarding them with 

hypervelocity particles produced with van de Graaff accelerators specially modified to accelerate 
electrically charged microparticles. 

In the original work reported by Kassel,30 MOS devices were fabricated with an oxide thickness of 
4000 A or 10,000 A and an overcoat of 1000 A of aluminum. Bombardment of these devices with 
high velocity particles (1 - 9 kmlsec) generated in a van de Graaff accelerator, indicated that for 
equal bias voltage, the 4000 A oxide device was more sensitive to lower velocity microparticle 
impacts than the thicker oxide device. From their velocity threshold data for 4000 and 10,000 A 
devices, we determined that the limit of detection for glass microparticles with the 4000 A devices 
can be described with the following equation: 

log Dp = -1.81log V+ log 2.6 

in which Dp = particle diameter in microns, V = particle velocity in km/sec and 2.6 is the minimum 
particle diameter (in microns) detected when V = 1 kmlsec. For a given velocity, this equation 
predicts that particles ~ Dp will be detected. From their data we also determined that a similar 
equation describes the limit of detection for glass microparticles with the 10,000 A oxide devices as 
follows: 

log Dp = -1.81log V +log 5.2 

in which Dp and V are as indicated before and 5.3 is the minimum diameter (in microns) particle 
detected when the impact velocity is 1 km/sec. These two equations describe particle diameter and 
impact velocity relationships which when plotted on log-log graph paper are parallel. We 
extrapolated their data to smaller particles by reducing the minimum size particle detectable at 1 , 
kmlsec by a factor of 2 for each factor of 2.5 decrease in the oxide thickness. For example, the 
minimum size particle impacting at 1 km/sec detected with the 10,000 A oxide detector is 5.2 ~m. 
The minimum size decreases to 2.6 ~m for 1 kmlsec particles impacting a 4000 A oxide device. 
We stepwise decremated the minimum size by 112 for each subsequent decrement by 11 2.5 of 
oxide thickness. In this fashion, we estimated that the minimum particle detected a 1 kmlsec for a 
1600 A oxide MOS device would be 1.3 ~m. Continuing in this way, a 100 A oxide/ 1000 A 
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aluminum device could register the impact of a 0.18 J..Lm particle traveling at 1 km/sec. MOS 
devices with thinner aluminum layers than they used is expected to improve sensitivity further. 
This extrapolation is not part of the original work and its validity is questionable. 

We have attempted to extend the development of MOS particle detectors to the detection of smaller 
particles impacting at much lower velocities than previously reported, hoping to improve their 
sensitivity and apply them to the detection of massive molecular ions of DNA. The extension of 
impact particle detection to small particles and massive ions fills a niche of particle sizes not 
currently detectable in reduced pressure applications. This article is intended to be primarily of 
interest to experimentalists and presents descriptively a new approach to massive ion and small 
particle detection. 

Device Fabrication 

MOS devices were fabricated on silicon wafers using standard silicon planar processing 
techniques. Figures 1 and 2 show schematics of the device from top-view and cross-section 
perspectives. The thin oxide films were thermally grown on 500 J..Lm thick phosphorus-doped 
silicon of 3-5 ohm-em resistivity. The oxide under the 5 x 5 mm pad areas ranged from 125 A to 
10,000 A thick, and were defined using standard photolithographic techniques. The pad areas 
were overlaid with 200 A aluminum or TiJW, while the bonding pad areas and guard ring were 
5000 A thick. The backside contact consisted of 1000 A aluminum. The· devices were diced into 
approximately 1 x 1 em squares and the active area and guard ring were wire-bonded to a small IC 
socket for electrical contact, as shown in Figure 1a. 

Testing Procedures 

The leakage current was monitored during bias testing and particle bombardment using the simple 
voltage divider shown in Fig. 2. An oscilloscope was capacitively coupled, as shown, to detect 
pulses in the leakage current that corresponded to impact events. A 5 V transorb was incorporated 
in the circuit to prevent voltage excursions from exceed_ing the rating of the analog-to-digital 
converter (ADC) (National Instruments, LabPC board, sampling rate 4.8 kHz). A second AOC 
recorded the bias voltage of the MOS detector. The digitized time record was stored in computer 
memory. The computer board also had several digital-to-analog channels, one of which was used 
to control the bias voltage across the MOS detector (negative voltage applied to the bottom metal 
layer). An aerosol impactor was constructed which could support a MOS detector at adjustable 
distances underneath a nozzle and used it to bombard MOS detectors with particles at near sonic 
velocity(- 330 rn/s) as estimated from the pressure drop across the impactor nozzle. The impactor 
nozzle consisted of a 0.5 mm id. x 5 em long metal capillary tube and the MOS detector was 
located 1.5 nozzle diameters below the nozzle exit. The impactor was operated at an internal 
pressure of 1 em Hg absolute, and at this pressure, free-jet expansion produces near sonic flow, 
thus accelerating the particles to high velocity. A flow stream of particles (2, 20 or 50 JliD particles, 
Duke Scientific, Palo Alto, CA) was produced by nebulizing, and then drying, particles suspended 
in filtered deionized water or by directing a burst of gas from a micro-duster (Texwipe, Co.) 
towards a surface to resuspend a few dry particles off the surface. The nebulized flow or the gas 
burst blew particles into a vertically mounted cylinder that guided particles, as they settled in room 
air, towards the inlet of the impactor. Filtered air could also be sampled through the impactor to 
determine if pulses were induced by particle impacts or were intrinsic breakdown· events. The 
response of the MOS devices to particle impacts was determined as a function of detector bias 
voltage and particle diameter. 
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Detection of Particle Impacts 

The following presentation deals primarily with the preliminary evaluation of devices fabricated 
with a top metallization of aluminum. Results obtained with devices metallized with Ti!W are also 
presented but these are more brief. The flow of current through the oxide, i.e., the leakage current, 
indicates the integrity of the oxide in a MOS device. Oxide films with pin hole imperfections 
become electrically shorted when coated with a layer of metal because the metal contacts the 
underlying doped silicon. If non-shorting defects exist in the oxide, the oxide might still be an 
insulator but is not a high dielectric oxide. Defective areas or spots in the oxide conduct more 
current than a robust oxide and the presence of such defects is determined from leakage current vs. 
bias voltage measurements. A typical plot of leakage current vs. bias voltage for a 500 A oxide 
device is shown in Fig. 3. A detectable leakage current ( > 0.1 J..lA for this measurement system) is 
observed above 33 volts for this MOS detector. As the bias voltage is increased above 33 V for this 
device, the leakage current increases and momentary breakdown in the oxide is indicated as brief 
pulses rising above the steadily rising leakage current. The momentary breakdowns in the oxide 
observed when bias voltage is applied to a new detector for the first time are generally attributable 
to defects in the oxide. The transient nature of the breakdown event is assumed to be caused by a 

. restorative process during which time the defect, i.e., the site of discharge, is removed by resistive 
heating which vaporizes a small hole in the AI film. The vaporization of AI disconnects the 
conduction path from electrical contact. This process is sometimes referred to as a "burning-in" 
process. The device tested in Fig. 3 eventually failed irreversibly at a bias voltage near 48 volts and 
became a device acting like an electrical resistor. Typically, the bias voltage of a MOS device is 
ramped up to "burn out" some of the defects but not biased so high as to permanently destroy it. 
Curves similar to that shown in Fig. 3 were obtained for MOS detectors fabricated with different 
thicknesses of oxide. As expected, the leakage current at a given bias voltage is higher for thinner 
oxides. In other words, the curve in Fig. 3 is shifted to the right for thicker oxides and to the left 
for thinner ones. The thinner oxide devices fail permanently at lower relative bias voltage than 
thicker layers. A number of MOS detectors with oxide layers 500 A or less were defective from the 
start and acted like pure resistors with leakage currents of several J.LA below 5 volts. MOS detectors 
made with oxides thicker than 500 A were more robust as suggested by the observation that fewer 
of them were defective from the start. This is not unexpected because thin robust oxides are more 
difficult to fabricate than thick ones. 

In Fig. 4 the distribution of the onset of irreversible dielectric breakdown is shown as a function of 
oxide thickness. This data was collected by bias ramping the MOS devices in the manner described 
above. For each thickness of oxide tested, several devices were shorted from the start which are 
, indicated by a near zero breakdown voltage. The average electric field strength for the oxides at 
breakdown for 100, 200, 500, 1000, and 10,000 A oxide layers are 5.0 x 108

, 4.8 x 108
, 4.6 x 

108
, and 5.5 x 108 V/m, respectively. The intrinsic breakdown field strength is on the order of 109 

V/m for silica. Our experimentally determined values for breakdown field strength compare 
favorably to attainable electric field strengths reported for silicon dioxide34

•
35 and demonstrate that 

high quality oxide films were fabricated. 

Some of the first devices were tested with particle bombardment by sprinkling 20 or 50 J.Lm 
diameter glass particles above the inlet of the impactor. This generally proved disastrous because 
these particles, or clumps of these particles, rendered the detectors inoperable in a few seconds. 
Impacts of these large particles abraded a small spot in the Allayer of the MOS detector, creating a 
discontinuous AI film underneath the impaction jet. The abrasion destroyed the MOS capacitor at 
the site where particles impacted the MOS detector, yet the detector still functioned when particles 
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struck a fresh location on the detector. A few experiments demonstrated that reducing the jet 
velocity prevented abrasion yet allowed the impacts to be recorded. Following this observation, 
new detectors were bombarded with 2 J.Lm particles traveling nearly at sonic velocity, knowing that 
the impacts of 20 or 50 J.Lm diameter particles were easily detected. This choice allowed us to 
evaluate future refmements to the MOS device fabrication process that might lead to detectors that 
register even smaller particles. 

A bias voltage as large as possible was applied to the MOS detectors in order to make the detectors 
sensitive to particle impacts. This approach carried the risk that the detectors would self-destruct 
due to intrinsic breakdown. Typically, a bias voltage in the range of 70-90% of the intrinsic 
breakdown field strength of the oxide was applied. Detectors fabricated with 100, 200 or 500 A 
oxide showed similar sensitivity to particle impacts but the 100 A oxide detectors were inherently 
more noisy because their leakage currents showed greater fluctuations. Sensitivity to particle 
impacts was greatly reduced for the 1000 A oxide detectors and impacts were not detected with 
10,000 A oxide detectors. This measure of limited detector sensitivity was based on the 
observation that only a few impact events led to electrical pulses with 10,000 A oxide device even 
though many particles were seen sticking to the impaction surface. 

Low leakage current ( < 2 J.LA at 80% of breakdown field strength) MOS detectors were subjected 
to particle bombardment using the aerosol impactor. By alternatively sampling particle-free or 
particle-laden air streams, the electrical response of a MOS detector could be attributed to particle 
impacts. In Fig. 5 a time record is displayed which shows the sampling, first of particle-free air, 
followed by air carrying 2 J.Lm glass particles. The first 10 sec of the record shows that no pulses 
were produced while particle-free air was sampled through the aerosol impactor, but during the 
remaining part of the record, pulses were generated by particle impacts. The pulses are momentary 
and indicate the impact of individual particles. Examination of the metal surface of MOS detectors 
by electron microscopy revealed that impacts led to crater formation in the AI film. This type of 
crater formation has been correlated with localized electrical discharge of the MOS capacitor.36 

Several related mechanistic explanations37
•
38

•
39 help to clarify the physical processes that lead to 

electrical discharge through the oxide and create the type of pulses seen in Fig. 5. Compression of 
the oxide at the moment of impact causes the electrical field strength to increase leading to electrical 
discharge through the oxide at the point of compression. During compression, a few free charge 
carriers are accelerated in the relatively larger electric field created in the compressed oxide to an 
energy sufficient to generate secondary charges via electron impact ionization. The result is a 
growing cascade of charge flowing through the compressed oxide, culminating in discharge of the 
MOS capacitor through the compressed spot. The discharge is adequately energetic to heat locally 
the oxide and metal to a temperature high enough to vaporize a spot in the AI film. This process is 
self healing in that any metal surrounding the impact spot is removed, thus lowering the electrical 
field near the impact and ending the discharge. The result is the formation of a crater devoid of 
metal. These craters were approximately 10 J.Lm in diameter and their centers frequently contained 
the particle that presumably initiated the discharge event. The formation of craters correlated with 
the type of pulses recorded in plots like that in Figs. 5 and 6. These pulses are nearly equal in 
magnitude suggesting that each event completely discharged the MOS capacitor. An alternative 
explanation for oxide breakdown during impact involves the concept of charge-trapping sites in the 
oxide. Such sites might be considered as a "cage" for an electron and the impact of a particle 
creates phonons which thermally stimulate the trapped electron to a slightly higher energy level, 
allowing it to escape from the trap. The freed electron is accelerated in the electric field, creating 
new ions along its course via electron impact ionization which eventually causes complete 
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breakdown. Regardless of which explanation better describes the oxide breakdown process, each 
mechanism points to the critical role played by the oxide layer. A detectable signal will result only 
if the particle transfers energy to the oxide. If the kinetic energy of the particle is dissipated in the 
metal layer, then it is unlikely that an impact will be registered. 

The magnitude of the pulses resulting from discharge events increased as the bias voltage 
increased, an effect shown in Fig. 6, and is attributable to the increasing stored electrical charge. At 
th~ time of discharge, an amount of current determined by the bias voltage and the electrical 
capacitance of the MOS detector, flows through the voltage divider. As the bias voltage was 
ramped above 25 volts, 15 JlA pulses appeared but at higher bias, voltage clipping in the 
measuring circuit limited peak height to 20 J..LA. 

. Discharge produced craters in the AI layer that were typically about 10 J..Lm in diameter. These 
craters are inactive spots on the surface of a MOS device and subsequent impacts will produce 
more. Eventually the efficiency of the detector will be reduced because the inactive area becomes a 
significant fraction of the surface of the detector. The MOS devices were fabricated with 0.25 cm2 

active area which means that about 30,000 impacts would reduce the active area by 10 percent. 
Depending on the application, this could be an acceptable cons~aint for the operation of these 
detectors. The fabrication of devices with larger active areas or the fabrication of an array of 
detectors could solve this problem. 

The MOS devices require further study to determine their useful range of operation. The smallest 
particles detectable with impact velocities resulting from jet expansion in an impactor needs to be 
determined. This information will lead to an assessment of the applicability of MOS detectors in 
impactors. Although the devices eventually are destroyed by the accumulation of craters, they may 
find application in low number concentration sampling conditions. A second mode of failure stems 
from chemical reactions that change the conductivity of the aluminum layer. Aluminum MOS 
devices, as fabricated for this' study, have a limited shelf life. Devices which resided in a plastic 
storage box failed to respond to particle impacts when used for the first time after about three 
months of storage. Fabrication of a subsequent batch of detectors confirmed that the devices 
worked satisfactorily when they were new, but indeed failed after several months of storage at 
room conditions. The cause of failure was due to the oxidation of the aluminum layer which 
converted the aluminum into aluminum oxide, thus changing its electrical properties from a metal to 
a refractory insulator. In an attempt to solve the oxidation problem, MOS devices were fabricated 
with a Ti!W layer, instead of an aluminum layer. These devices were tested, first by measuring the 
leakage current vs. bias voltage, and then by bombarding them with particles. The Ti/W devices 
displayed similarly low leakage currents as did the devices fabricated with aluminum, but they did 
not produce many pulses when bombarded with 2 J..Lm diameter glass particles. Instead, they 
simply failed as soon as particle bombardment started, even at very low bias voltage such as 4 
volts. These observations led to the conclusion that oxide breakdown in these devices is not a 
reversible process and the only reason the aluminum devices worked was that the discharge 
vaporized the aluminum away from the point of discharge, and in essence, removed electrical 
contract from the place where discharge occurred through the oxide. Ti/W is a higher melting alloy 
than aluminum and the heat released during discharge was insufficient to vaporize the Ti/W at the 
point of discharge. Electron microscopy revealed that only a few craters, surrounded with 
semicircular blisters, formed on the Ti/W surface of a shorted device when it was operated at a bias 
voltage that would have produced many craters on an AI MOS device. The central craters were 
relatively small and probably allowed the Ti/W metal to remain in contract with the site of 
discharge. Whereas, the vaporization of aluminum allowed those devices to retain their insulating 
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layer, the Ti!W devices became pure resistors. Aluminum is thus a key component in the MOS 
particle detector and we are now considering ways to extend the shelf life of these devices. 

Conclusion 

A 5 x 5 mm thin film MOS devices displayed' a response to microparticle impacts and the tests 
demonstrated that this type of microparticle detector could be applied to the real time measurements 
of microparticle impacts generated with an aerosol impactor. The detectors registered the impact of 
particles at least as small as 2 J!m in diameter traveling at near sonic velocity (330 rnls). The thinner 
oxide (-5: 500 A) devices were the most sensitive with respect to particle detection, although several 
1000 A MOS detectors showed a limited response to microparticle impacts. In general, it was 
observed that devices fabricated with relatively thick oxides (1000-10,000 A) were more robust 
and could be biased to higher absolute voltages before failure, but the thickest oxide detectors 
tested (10,000 A) did not respond to particle impacts even with particles as large as 50 flm at sonic 
velocity. All thicknesses of oxide showed about the same maximum dielectric field strength before 
breakdown occurred. Particle impacts onto AI metallized MOS devices produced momentary, 
catastrophic electric breakdown of the oxide during particle bombardment when the electric field 
across the oxide approached the breakdown field strength for silicon oxide. The catastrophic events 
vaporized a crater in the metal film surrounding the impact spot, rendering the spot permanently 
inactive, but allowed undamaged areas of the detector to remain functional. 

The results of this preliminary investigation indicate that MOS devices fabricated with an AI top 
layer function as particle impaet detectors. The sensitivity of these devices is thought to be 
extendible to the detection of particles smaller than 2 flm in diameter and perhaps to massive ions. 
We plan to extend the testing of these detectors to include particles less than 2 J!m and to improve 
the reliability and sensitivity of the MOS devices in an attempt to use them as detectors for large 
DNA molecules in time-of-flight mass spectrometers. 
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Fig. l(a) - Schematic of a MOS device showing the central active area which is 
surrounded with a guard ring. Voltage is applied to each by wire bonding a 700 
J..Lm wire between the bonding pads and a mor~ robust connector on the underlying 
IC socket. · · 

MOS detector 
active area 

_,.,.--- electrical 
leads 

Figure l(b) - Perspective view of the 5 x 5 mm silicon MOS detector after glued 
onto an IC socket with conducting paint. 
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Fig. 2 - Electrical contact and biasing polarity for testing MOS devices. The 
power supply was ramped in v9Itage via computer control. 
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Fig. 3 - A plot of leakage current as a function of detector bias voltage for a 50 0 
A thick oxide device. The voltage was ramped at stepwise at 0.2 V/ 3 sec. Pulses 
appear above 30 volts and correspond to the "burning out" of defects in the 
oxide. The leakage current starts out at 0 and rises nearly to full scale (100 J.!A). 
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Fig. 4 - A distribution of breakdown voltage for MOS devices with four different 
thicknesses of oxide. Each bar represents one device. 
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Fig. ? - Pulses created by the impact of 2 J.Lm diameter glass particles striking a 
500 A thick oxide detector. The impacts were created by accelerating particles 
through a nozzle in an aerosol impactor and impacts occurred ·near to sonic 
velocity. Pulse rise time is in the order of several msec~ Each horizontal line on 
the vertical scale represents 20 J.LA. 
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Fig. 6 - A record showing the pulse height for particle-impact induced breakdown 
in a 500 A thick oxide detector as a function of bias voltage. Pulse height 
increases in correspondence with stored charge as expected for electrical 
capacitors. Each horizontal line on the vertical scale represents 20 flA. 

16 



,-
--'"' 

~ ~~~ ERNEST ORLANDO LAWRENCE BERKELEY NATIONAL LABORATORY 

~ ~TECHNICAL AND ELECTRONIC INFORMATION DEPARTMENT 

:1 ;j$J!=t UNIVERSITY OF CALIFORNIA I BERKELEY, CALIFORNIA 94720 




