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(57) ABSTRACT 

A reusable miniaturized detector that utilizes magneto-optic 
elements to detect the occurrence of an electrostatic dis 
charge during the manufacture or handling of electrostatic 
discharge sensitive electronic components and circuit 
boards. The device may also be used to determine the 
polarity and magnitude of the electrostatic discharge. The 
device may be manually or automatically read, either by 
removing the device from the environment being monitored 
or continuously monitoring in situ. The device can also be 
con?gured to provide protection to some electrostatic dis 
charge events Which could damage sensitive components 
being monitored. 
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STATIC EVENT DETECTION/PROTECTION 
DEVICE 

RELATED APPLICATIONS AND PRIORITY 
DOCUMENTS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/003,894, ?led Sep. 18, 1995, 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to neW and 
improved devices for detecting electrostatic discharge 
(ESD) events occurring in electronic components and elec 
tronic assemblies and, more particularly, to reusable detec 
tors Which can be positioned directly on or closely adjacent 
to miniature electronic components and printed circuit board 
assemblies to detect the occurrence, polarity and approxi 
mate magnitude of an ESD event. The invention also relates 
to devices to protect electronic components and circuits 
from static discharge, in that the invention can be connected 
to an electrostatic discharge sensitive device so that ESD 
events above a predetermined magnitude Would result in the 
destruction of the apparatus of the invention, rather than the 
ESD sensitive device. 

[0004] 2. Description of the Related Art 

[0005] Static charges may accumulate on the surfaces of 
non-grounded conductors and non-conductive surfaces such 
as most plastics and textiles. These charges Will usually 
remain on the surfaces because there is no path to ground. 
When a non-grounded conductor comes close to a grounded 
plane, a spark of high voltage, and potentially destructive 
loW current, Will “leap” from a point on the non-grounded 
conductor to the grounded object, causing an electrostatic 
discharge (ESD) event. When a charged non-conductor 
comes close to a conductive object, the charge can be 
induced onto the conductor, Which can then rapidly dis 
charge to other conductors. 

[0006] Electrostatic discharge occurs in many industrial 
situations, such as manufacturing and assembly processes, 
electronic testing processes and the like. For example, in the 
manufacture of semiconductor devices, electrostatic charges 
may build up and become discharged during various human 
or machine handling operations Wherein semiconductor 
Wafers are processed, tested and packaged. The amount of 
electrostatic charge accumulated and discharged during han 
dling of Work pieces can be suf?ciently high to cause a 
signi?cant number of component failures, reducing the yield 
of the various manufacturing, testing and packaging opera 
tions and thereby increasing the overall cost of the device. 

[0007] Static electricity can create a Wide variety of prob 
lems for electronic manufacturers. An ESD event can cause 
a rapid electron movement through the microscopic conduc 
tive paths Within a device and generate a heat spike Which 
can cause damage to the gates or other insulating parts of the 
electronic device. If the discharge is large enough, a portion 
of the device Will be destroyed and the defect Will be found 
during testing. While high levels of electrostatic discharge 
Will result in the immediate destruction of the device, Which 
can be readily discovered during subsequent testing, loW 
level electrostatic discharge may cause latent damage to the 
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device, Which may not be detected during initial testing. This 
latent damage may later result in reduced performance 
and/or premature product failure. 

[0008] At present, efforts have been directed toWard pre 
vention of ESD events during manufacturing, since there are 
feW knoWn methods to monitor actual events. Knowing 
Where, hoW large, and When an event occurs is useful in 
evaluating ESD induced failures so that appropriate preven 
tive measures can be taken to eliminate the source of the 
ESD event. 

[0009] Improvements in the manufacture of semiconduc 
tor devices have resulted in devices having vastly increased 
circuit density, reduced active element siZe and reduced 
conductor Widths. These improvements have increased the 
overall performance of the devices, but have simultaneously 
increased the susceptibility of the devices to damage from 
electrostatic discharge. As a result, electronic devices are 
potentially susceptible to damage from discharge events as 
loW as 50 volts. Thus, semiconductive devices in routine 
manufacture and use today are more susceptible than 
humans, Who normally can not feel an electrostatic dis 
charge of less than approximately 3500 volts. 

[0010] A variety of instruments have been designed and 
developed to measure electrostatic phenomena in semicon 
ductor device assembly areas. Some of these devices are 
connected directly to the circuit boards, While other instru 
ments have antennas or other sensors that detect electro 
magnetic radiation resulting from an electrostatic discharge. 
In general, these instruments suffer from one or more 
disadvantages that limit their acceptance and use in the 
electronic industry, and similar industries. These disadvan 
tages include being too large or expensive, dif?cult to 
monitor in real time, and non-reusable, or some combination 
of these draWbacks. These prior art instruments also gener 
ally fail to provide suf?cient information to assist in the 
detection of devices that are damaged or destroyed, includ 
ing information leading to the detection and elimination of 
the incipient environmental causes of the ESD events. 

[0011] One prior art device used to detect ESD events 
utiliZes a silicon Field Effect Transistor (FET) Which is 
destroyed in the process. This device is monitored by ?rst 
removing it from the circuit board and then inserting it into 
an external reader. This device has inherent disadvantages 
Which include its inability to be reused, the requirement that 
it be removed from the circuit to be tested, its inability to 
measure polarity, and its limited range of one ESD sensi 
tivity level per device. 

[0012] Other prior art detection devices are knoWn Which 
utiliZe a liquid crystal display as an indicator and has a clip 
lead Which can be connected to the particular position of 
interest, e.g., input to an ESD sensitive device. This par 
ticular device has a built-in antenna Which senses the ESD 
event and includes hardWare for mounting and protecting the 
device While in use. This device also has inherent disadvan 
tages Which include the large siZe of the unit, its loW 
operating/storage temperature range, its ability to detect 
only one transient voltage, and the high cost in manufac 
turing the unit. Additional disadvantages include incompat 
ibility With automatic insertion equipment and the inability 
of the device to measure polarity. 

[0013] What has been needed, and heretofore unavailable, 
is a reliable, loW cost, rugged, miniature, reusable device for 
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accurately and economically detecting the occurrence, 
polarity and magnitude of electrostatic discharge events, 
including relatively loW level events, Which can also provide 
protection to semiconductive devices from large electro 
static discharges. Such a device should be capable of 
memory retention, so that the occurrence of an ESD event 
can be detected anytime after it happens. The present 
invention satis?es these and other needs. 

SUMMARY OF THE INVENTION 

[0014] The present invention is directed to a reusable, 
miniaturiZed magneto-optic device that detects the current of 
an electrostatic discharge Which may occur during the manu 
facture, handling or use of electrostatic discharge sensitive 
components and circuit boards. The present invention also 
may be used to determine the polarity and magnitude of an 
electrostatic discharge event. A device made in accordance 
With the present invention may be manually or automatically 
read, either by removing the device from the environment 
being monitored or monitoring the device in situ. The 
present invention can also be used as a protection device 
Which can be connected to an electrostatic discharge sensi 
tive component to protect it from electrostatic discharge 
events above a predetermined magnitude. 

[0015] The electrostatic discharge event detector of the 
present invention employs the magneto-optic Faraday effect 
to detect electrical transients. The Faraday effect is a scien 
ti?c principle Which causes the plane of polariZation of a 
polariZed beam of light passing through a transparent sub 
stance exhibiting the Faraday effect to rotate from the plane 
of polariZation of the incident light by an amount propor 
tional to the magnetic ?eld passing through the substance 
parallel to the optical axis of the beam of light. Magneto 
optic materials exhibiting the Faraday effect are electrically 
addressable and change or “sWitch” the direction of mag 
netiZation of a magnetic material formed into individual 
elements, or pixels, through electrical conductors or drive 
lines that establish a magnetic ?eld having a different 
direction of magnetiZation to the initial state. When a 
magnetic ?eld is established having strength equal to or 
greater than a predetermined value, the reversal of the 
direction of magnetiZation, or sWitching, occurs. 

[0016] The electrostatic discharge event detector of the 
present invention includes a conductor and at least one 
magneto-optic pixel located adjacent to the conductor Which 
has a ?rst magnetic state and Which is capable of sWitching 
to a second magnetic state in response to a magnetic ?eld 
having a ?eld strength that exceeds a predetermined ?eld 
strength at the location of the magneto-optic pixel. This 
magneto-optic pixel is capable of sWitching from its ?rst 
magnetic state to its second magnetic state When an elec 
trostatic discharge induces a current to How through the 
conductor Which is of suf?cient strength to generate a 
magnetic ?eld around the conductor that exceeds the pre 
determined ?eld strength. Afterwards, the magneto-optic 
pixel can be observed to determine Whether it has been 
sWitched from its ?rst magnetic state to the second magnetic 
state Which Would indicate that an electrostatic discharge 
event has been experienced and detected by the magneto 
optic pixel. 

[0017] In a presently preferred embodiment, the electro 
static discharge event detector of the present invention also 
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may include a second magneto-optic pixel having a ?rst 
magnetic state and having the capability of sWitching to a 
second magnetic state in response to a magnetic ?eld. This 
second magneto-optic pixel Would be located next to the 
conductor on a side opposite from the ?rst magneto-optic 
pixel. As a result, the detector Would utiliZe a pair of 
magneto-optic pixels located on opposite sides of the con 
ductor Which can be used to determine the polarity, or 
direction, of the current How of the electrostatic discharge 
event. Such a determination may prove important in ana 
lyZing the electrostatic discharge event, as it can indicate on 
Which surface the electrostatic charge Was accumulating. 

[0018] A further embodiment of the present invention 
provides information about the magnitude of the electro 
static discharge event, provided it exceeds a minimum 
magnitude. In this particular embodiment, the ESD detector 
includes a set of pixels Which are arranged in an array 
around a conductor. Each magneto-optic pixel is separated 
from the conductor by a distance Which is different from any 
other pixel. Since the strength of the magnetic ?eld sur 
rounding the conductor is inversely proportional to the 
distance from the conductor Where the magnetic ?eld 
strength is measured, the different pixels Will have altered 
magnetic states dependent upon the strength of the magnetic 
?eld at each location. Since the strength of the magnetic ?eld 
is related to the magnitude of the current ?oWing through the 
conductor induced by the electrostatic discharge event, by 
observing Which pixels have altered magnetic states, one can 
determine the voltage of the ESD event. Additionally, the 
pixels can be placed in pairs on opposite sides of the 
conductor to determine polarity. 

[0019] The readout of the electrostatic discharge event 
detector can be achieved either manually by observing the 
re?ected light through a polariZing microscope or automati 
cally using a version of a pattern recognition instrument. In 
either case, it is not necessary to physically contact the ESD 
detector of the present invention. Since an ESD event Would 
form patterns or sWitched regions depending on the polarity 
and the voltage of the event, a readout unit could be placed 
adjacent to the detector, alloWing each electro-static dis 
charge event to be recorded. Alternatively, the detector can 
be observed continuously to record the time and conditions 
of each ESD event. A record of the static events could then 
be linked to a computer for statistical process control. 

[0020] After the detection of an ESD event, the detector of 
the present invention Would need to be reset, i.e., the active 
region Would have to be returned to its initial condition. This 
can be accomplished With an externally packaged reset 
instrument Which uses external magnetic ?elds induced by 
an electro-magnetic coil or permanent magnet to “resWitch” 
the magneto-optic pixels of the detector. The operation of 
the reset function is determined by the same magneto-optic 
effect that determines the sensitivity of the detector to an 
ESD event. An electromagnet of sufficient ?eld strength and 
uniformity can be used to reset the device by subjecting the 
detector to a short pulse Which resets the magnetic state of 
each magneto-optic pixel. 
[0021] The present invention is also directed to a method 
for detecting the occurrence of electrostatic events utiliZing 
a magneto-optic detector as the ones herein described. Other 
methods of the present invention are directed to detecting 
the polarity and the magnitude of the electrostatic discharge 
event. 
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[0022] The present invention provides a reliable, loW cost 
miniature detector for accurately and economically detect 
ing the occurrence, polarity and magnitude of electrostatic 
discharge events, including relatively loW level events. The 
present invention is rugged and relatively inexpensive, 
alloWing the device to be utiliZed With electronic compo 
nents and circuit board assemblies to detect ESD events. 
Additionally, the present invention can also be connected to 
an electrostatic discharge sensitive component to prevent the 
component from being destroyed in the event of a suf? 
ciently high ESD event. In such an embodiment, the inven 
tion is constructed such that the conductor for conducting 
the ESD charge Will be destroyed by an ESD event over a 
threshold chosen to protect the device being maintained 
from destruction. HoWever, the protection mode of the 
present invention is not reusable as it acts as a fuse to protect 
the ESD sensitive device from possible damage. These and 
other features and advantages of the invention Will become 
apparent from the folloWing detailed description, When 
taken in conjunction With the accompanied eXemplary draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a plan vieW of a magneto-optic array of 
the present invention; 

[0024] FIG. 2 is a plan vieW of a portion of the array of 
FIG. 1 shoWing a pair of magneto-optic piXels located on 
opposites of a conductor;.and 

[0025] FIG. 3 is a plan vieW of a magneto-optic array 
shoWing an array of the pairs of magneto-optic piXels of 
FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] The invention relates to a system for detecting and 
evaluating the occurrence, polarity and magnitude of elec 
trostatic discharge (ESD) events. As described herein, ref 
erence Will be made to numerous speci?c details, such as the 
composition of magneto-optic devices and the effect of an 
induced magnetic ?eld on the magnetic and optical proper 
ties of such devices, in order to more fully describe the 
invention. HoWever, it should be apparent to one skilled in 
the art that the present invention is not limited to the 
eXemplary components described, nor their speci?c arrange 
ments provided for the purposes of illustration. 

[0027] In the present invention, several embodiments of a 
novel magneto-optic device are described for detecting and 
evaluating the occurrence of an ESD event. These novel 
devices are also capable of providing additional information 
not previously available Which alloWs further characteriZa 
tion of the ESD event, thus aiding in the elimination of the 
causes of such events from the environment in Which the 
occurrence of an ESD event can lead to the destruction or 

damage of ESD sensitive devices. Furthermore, if properly 
con?gured, the invention is capable of providing protection 
against an ESD event. 

[0028] Referring ?rst to FIG. 1, one presently preferred 
embodiment of an array of the magneto-optic devices of the 
present invention is depicted. In this embodiment, a number 
of magneto-optic devices are arranged in a geometric pat 
tern, or array 2, Wherein each magneto-optic device forms 
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piXels 4 and 6. These piXels have three stable magnetic 
states: magnetiZed up, normal to the surface of the array (the 
Z-direction); magnetiZed doWn (also in the Z-direction, but 
into the surface of the array); and demagnetiZed, in Which 
there are equal amounts of regions Within the piXel that are 
magnetiZed up or doWn. FIG. 1 shoWs piXel 4 as a bright, 
or unsWitched piXel. PiXel 6 shoWs a darkened piXel Which 
has been sWitched as a result of an ESD event. The particular 
manner in Which the piXels 4 and 6 are affected by an ESD 
event is described in greater detail beloW. 

[0029] When a conductor, such as a Wire, lead or gate 
carries a current, a magnetic ?eld is induced around the 
conductor. The strength of the magnetic ?eld Will be directly 
proportional to the level of the current carried by the 
conductor. Where the conductor is in close proXimity to the 
array 2, this magnetic ?eld, if it reaches a critical level in the 
region of the piXel, Will cause the piXel to change magnetic 
states. That is, if the piXels 4 and 6 are originally magnetiZed 
in the up or doWn states, a suf?cient magnetic ?eld induced 
by the current carried in the conductor Will cause piXels 
located suf?ciently close to the conductor to demagnetiZe if 
the strength of the magnetic ?eld eXceeds the critical level. 

[0030] DemagnetiZation, or sWitching magnetic states, of 
the piXels is a tWo part process. First, the magnetic ?eld 
causes nucleation of a domain Wall. The domain Wall then 
propagates throughout the piXel resulting in complete satu 
ration of the piXel and a change in magnetic state. A 
magnetic domain Wall is established by nucleation at a 
nucleation site Within the magnetic material of the selected 
piXel element. This domain Wall is formed betWeen the 
initial condition of magnetiZation and the nucleated opposite 
magnet condition. The remainder of the element is sWitched 
by propagating the domain Wall through the thickness of the 
piXel element so that part or all of the entire element exhibits 
a direction of magnetiZation opposite to the initial condition. 

[0031] It is Well knoWn in the art that the magnetic ?eld 
required for nucleation is greater than that required for 
propagating the domain Wall, because domain Wall motion 
is limited by demagnetiZing and coercivity effects. The ?eld 
established by the selected conductors diminishes rapidly as 
the distance from the conductors increases. Thus, the value 
or strength of the magnetic ?eld adjacent to the energiZed 
conductors may be quite large, While the ?eld in the region 
of piXels farthest from the energiZed conductor Will be 
relatively small. 

[0032] Due to the Faraday effect, the plane of polariZation 
of a beam of light passing through a magneto-optic piXel is 
dependent upon the magnetic state of the piXel. The effect of 
a magnetic ?eld passing through a conductor upon the 
magnetic state, and subsequent optical state, of a piXel is 
seen in FIG. 1. In this ?gure, conductors (not shoWn) lie 
adjacent to several roWs of sWitched piXels 8-14. These roWs 
8-14 depict a roW of conductor paths caused by an ESD 
event. The piXels 4 and 6 of array 2 Were originally mag 
netiZed in a uniform direction. An ESD current Was induced 
in the conductors, resulting in demagnetiZation of the piXels 
in the vicinity of the conductors so that the magnetic ?eld in 
the region of the piXels eXceeded the critical level, initiating 
nucleation in the piXels and a change of their magnetic state. 
FIG. 1 depicts the vieW as seen through a polariZing 
microscope (not shoWn) of light re?ected by the piXels 4 and 
6 of array 2. In FIG. 1, light re?ected by piXels in their 
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original, magnetized state, as depicted by pixel 4, is rotated 
by the magnetic state of the pixel, and appear bright under 
the polarizing microscope. Pixel 6, Which is adjacent to the 
path of the conductors, have been demagnetiZed by the ESD 
induced current in the conductor, and thus appears darkened 
When vieWed under the polariZing microscope. The roWs of 
pixels 8-14, likeWise, appear as darkened regions since they 
too have been sWitched by the ESD event. 

[0033] An important advantage of the present invention 
over prior art ESD sensors is the capability to be reused. As 
should be apparent, reset of sWitched pixels 6 can be 
accomplished by subjecting the array 2 to a magnetic ?eld 
of suf?cient strength to sWitch the magnetic state of the 
demagnetiZed pixels back to the original state present before 
the ESD event. 

[0034] The sensitivity of detection of ESD events by the 
present invention is dependent upon the ESD current levels 
desired to be detected and the current level desired to be 
protected against. The minimum detectable current, i.e., the 
minimum current that Will generate a magnetic ?eld of 
sufficient strength to induce a change in the magnetic state 
of the pixels adjacent to the conductor, is determined by the 
integrated distance from all locations of the conductor to the 
nucleation site of the pixel and the angle betWeen the Z-axis 
of the pixel and a line betWeen the center of the conductor 
and the nucleation site. In other Words, the minimum detect 
able current is determined by the Z-component of the mag 
netic ?eld. The nucleation site of an individual pixel Will be 
the location in the array Where the Z-component of the 
magnetic ?eld is a maximum, and is a function of the 
geometry of the conductor and the relative position of the 
conductor With respect to the pixel. 

[0035] The protection level of the present invention is 
determined by the current-carrying capability of the con 
ductor. In the present invention, the current-carrying capac 
ity of the conductor is a function of the conductor material, 
the thickness of the conductor, and the Width of the con 
ductor. Unlike the detection sensitivity, the protection level 
is independent upon the location of the conductor With 
respect to the pixel. 

[0036] There are at least ?ve variables available to the 
designer of a device according to the present invention that 
alloW the design and manufacture of devices having a Wide 
range of performances to suit a variety of uses. These 
variables include: (a) conductor material, (b) Width of the 
conductor (generally limited only to the photolithographic 
capabilities of the fabrication facility), (c) thickness of the 
conductor (limited by deposition techniques and photolitho 
graphic capabilities of the facility), (d) the distance from the 
center of the conductor to the nucleation site (the minimum 
value of Which is the thickness or Width of the conductor), 
and (e) magneto-optic material properties. 

[0037] In its simplest embodiment, the present invention 
comprises an array of magneto-optic pixels 6 centered under 
a conductor (not shoWn) lying along conductive path 8. The 
conductor may be insulated from the array 2 by an insulating 
layer deposited during manufacture of the device. Alterna 
tively, the conductor may be either buried in the magneto 
optic ?lm or lie at the same level as the magneto-optic ?lm 
forming the pixel 6. 

[0038] An alternative embodiment of the present inven 
tion is depicted in FIG. 2. In this embodiment, a pair of 
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magneto-optic pixels 22 and 24 are located on each side of 
a conductor 20. This embodiment of the present invention 
alloWs the determination of the polarity, or direction of 
current ?oW, of the ESD event. Such a determination may be 
important in analyZing the ESD event, as it can indicate on 
Which surface the electrostatic charge Was accumulating. 
KnoWing this fact Would aid engineers in eliminating the 
environmental factors causing the accumulation of static 
charge, or in providing suitable grounding connections for 
the circuits, circuit assemblies or handlers. 

[0039] Referring again to FIG. 2, if the pixels 22 and 24 
are initially magnetiZed such that the direction of magneti 
Zation is in a direction into the page, a positive current 
?oWing through the conductor 20 in the direction of arroW 
28 Will result in a magnetic ?eld around the conductor 20 
Whose magnetic lines of force are directed into the page in 
the area of pixel 24, as depicted by the Xs 28 Within pixel 
24 and out of the page in the area of pixel 22, as depicted by 
the Os 26 Within pixel 26. As described previously, the 
original magnetic state of pixel 24 is magnetiZed in the 
direction out of the page; thus application of the magnetic 
?eld resulting from current How in conductor 20 in the 
direction of arroW 29 does not induce a change in the 
magnetic state of pixel 24. The direction of the magnetic 
?eld in the area of pixel 22, hoWever, is into the page, or 
opposite the original magnetic state of pixel 22. If the 
strength of the magnetic ?eld in the area of pixel 22 exceeds 
the critical value required to induce nucleation in pixel 22, 
the magnetic state of pixel 22 Will change. This change in 
state Will be readily apparent When pixels 24 and 22 are 
vieWed under a polariZing microscope. 

[0040] As Will be apparent to one skilled in the art, if the 
direction of current How in conductor 20 is in the opposite 
direction to that indicated by arroW 29, application of the 
magnetic ?eld resulting from current How in conductor 20 in 
the opposite direction of arroW 29 Will also result in the 
opposite case to that described above. The direction of the 
magnetic lines of force Will be into the page in the area of 
pixel 22, and out of the page in the area of pixel 24. If the 
strength of the magnetic ?eld in the area of pixel 24 exceeds 
the critical value required to induce nucleation in pixel 24, 
the magnetic state of pixel 24 Will change. 

[0041] While the embodiment of the present invention 
depicted in FIG. 2 is useful in determining the polarity of an 
ESD event, the event Will only be detected if the current 
?oWing through the conductor 20 is suf?cient to generate a 
magnetic ?eld With a strength exceeding the critical thresh 
old required to cause a change in the magnetic state of pixels 
22 and 24. Thus, such a detector indicates that an ESD event 
having some minimum magnitude has occurred, but pro 
vides no information regarding hoW large the ESD actually 
Was. 

[0042] A further embodiment of the present invention that 
is capable of providing information about the magnitude of 
the ESD event, beyond a minimum magnitude, is depicted in 
FIG. 3. In this embodiment, the detector comprises a set of 
pixels, such as pixels 32-40, that are arranged in an array 
next to conductor 30. As depicted, each pixel is separated by 
different distances than any other pixel. Since the strength of 
the magnetic ?eld Which surrounds the conductor 30, caused 
by the individual current ?oWing through the conductor 30, 
is inversely proportional to the distance from the conductor 
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30 at the point the magnetic ?eld strength is measured, 
different pixels Will have altered magnetic states dependent 
on the strength of the magnetic ?eld, Which is related to the 
magnitude of current ?owing through the conductor 30 
induced by the ESD event. Pixels 42-50 can be added on the 
opposite side of conductor 30 to provide capability of 
determining polarity. 

[0043] For example, if it is desired to knoW the voltage 
and polarity of the ESD event to Within 50 volts (V) for a 
particular line resistance, the ?rst pair of pixels 32 and 42 
Would be separated by a distance suf?cient to ensure that the 
magnetic ?eld generated by a 50 V current ?oWing through 
the conductor 30 Would be sufficient strong to induce a 
change in the magnetic state of one of pixels 32 and 42. The 
second pair of pixels 34 and 44 Would be separated by a 
distance that Would require a magnetic ?eld strength result 
ing from a 100 V current ?oWing through the conductor 30 
before the pixels 34 and 44 Would change magnetic state. 
The number of pairs of pixels is limited only by the 
requirements of the designer, that is, by the maximum 
voltage ESD event that is desired to be detected. It should be 
noted that the geometry depicted in FIG. 3 is for illustrative 
purposes only; the location of the nucleation sites in the 
various pixels is dependent upon the geometry of the array 
and the location of the conductor 30. These factors are easily 
accounted for in the design of the device, and Will be 
apparent to one skilled in the art. 

[0044] An alternative approach to providing a detector that 
is capable of determining the magnitude of an ESD event 
Would be to use the con?guration depicted in FIG. 2, but 
connecting a number of pairs of pixels in parallel using 
conductors 20 having different line resistances in each pair 
of pixels. For example, if the line resistances of the con 
ductor 20 of tWo pixel pairs Were 500 and 1000 ohms, an 
ESD event of 100 V Would cause currents of 200 ma and 400 
ma to How in the conductor 20 respectively. Since the 
strength of the magnetic ?eld is proportional to the magni 
tude of the current ?oWing through the conductor 20, a pixel 
pair that requires a magnetic ?eld strength greater than can 
be generated by a current of 200 ma Will not change states 
during the 100 V ESD event. 

[0045] Typically, the present invention, including, but not 
limited to the various embodiments described above, are 
fabricated from a magneto-optic ?lm Which is groWn using 
Well knoWn fabrication techniques on a non-magnetic sub 
strate. The fabrication process Will vary depending upon the 
geometry of the devices, and particularly depending on the 
location of the conductors in relation to the pixels. For 
example, a different process may be required depending on 
Whether the detector is designed With the conductor passing 
over the top of the magneto-optic region, or Whether the 
conductor passes next to the magneto-optic region. 

[0046] In fabricating a detector Where the conductor 
passes over the magneto-optic ?lm, a magneto-optic epi 
taxial ?lm is deposited on a Wafer using techniques Well 
knoWn in the semiconductor industry. Alignment marks for 
aligning masking levels in subsequent fabrication steps are 
then photolithographically de?ned and machined into the 
magneto-optic ?lm using an ion beam. The Wafer is photo 
lithographically de?ned and masked using a standard pho 
toresist to accept an ion implanted dopant, such as boron, 
into the regions of the Wafer Where bubble nucleation and/or 
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collapse is desired, reducing the magnetic ?elds necessary 
for inducing a change of magnetic state in the desired 
magneto-optic regions by approximately an order of mag 
nitude. 

[0047] The magneto-optic layer is segmented by laying 
out a desired segmentation pattern using a photoresist etch 
mask, folloWed by ion beam milling or chemical etching. An 
insulator material is then deposited on the surface of the 
magneto-optic layer to provide proper separation betWeen 
the conductor and the nucleation site in the magneto-optic 
layer. The Wafer may then be metalliZed and patterned to 
produce the desired electrode patterns for BSD detection and 
protection and for subsequent electrical interconnection. The 
metalliZed pattern also acts as a re?ector for the backside 
illumination and reading of the magnetiZation state of the 
magneto-optic pixels. A similar fabrication process is used 
to fabricate detectors With the conductor located next to the 
magneto-optic pixels, With the exception that no insulation 
layer is necessary betWeen the conductor and the magneto 
optic layer. Suitable materials for the conductor include 
aluminum, aluminum alloys and palladium. 
[0048] For example, the device can be fabricated on an 
epitaxial ?lm groWn on a CZochralski non-magnetic garnet 
substrate. The single crystal boule is sliced and polished into 
high optical quality 0.25 mm thick substrate Wafers. These 
substrates are transparent, non-magnetic single crystals and 
are basically Gd3Ga5O12 doped With Ca, Mg, and Zr to 
increase the siZe of the crystal lattice so that the crystal can 
accommodate a large amount of bismuth in the magnetic 
iron garnet ?lm Which is groWn epitaxially on the substrate. 
The bismuth enhances the Faraday rotation of the ?lm. 

[0049] The packaging of the device is determined by its 
desired ?nal use, that is, as a permanent component in an 
electronic circuit or as a temporary monitor during certain 
fabrication/testing steps. The device may be passivated to 
protect against environmental degradation of the conductor 
and isolation resistances using typical Well knoWn passiva 
tion techniques. Electrical connection to the device could be 
made by any of the methods Well knoWn and commonly 
used in the semiconductor industry such as Wire bonding or 
bump bonding. Connection pads may be exposed through 
the passivation layer, and additional metal may be deposited 
if needed to facilitate interconnection. The Wafer may be 
diced, cleaned and inspected using standard semiconductor 
techniques, and the individual die may then be attached to a 
suitable substrate, or alternatively, directly to a circuit using 
standard hybridiZation techniques. 
[0050] In practice, the device may be packaged in a TO-18 
or equivalent package for leaded insert into an appropriately 
fabricated circuit board. The lid Would have a transparent 
WindoW to alloW the magnetic state of the detector to be read 
by an analyZer. The device can be manufactured in dimen 
sions as small as about 0.5 mm by 0.5 mm, With a thickness 
as small as about 0.3 mm. 

[0051] The device may also be packaged in a surface 
mount package for insertion onto hybrids, multi-chip mod 
ules or surface mounted circuit boards. This con?guration 
may also require a WindoW to alloW the magnetic state of the 
detector to be read. Another alternative is to package the 
detector in a plastic clip lead package Which provides a loW 
cost hermetic package for external monitoring that Would 
not require a WindoW to alloW the magnetic state of the 
detector to be read by an analyZer. 



US 2001/0002103 A1 

[0052] ESD events that are monitored by the detector Will 
cause patterns of pixels to change their magnetic states in 
response to the magnetic ?elds generated Within the con 
ductors by the ESD event. Reading the magnetic state of the 
pixels of the detector may be accomplished by observing 
light re?ected by the pixel through a polariZing microscope, 
as described previously. Alternatively, a pattern recognition 
unit may be provided to automatically scan the pixels and 
determine their magnetic states, and record the patterns for 
analysis. If desired, the detectors may be fashioned to alloW 
for continuous monitoring. The pattern detector or other 
automatic magnetic state reader may also be connected to a 
computer. Such a connection Would alloW the information 
provided by the detector to be used for statistical process 
control. 

[0053] After the detection of an ESD event, and subse 
quent reading of the detector, either manually or automati 
cally, the pixels of the detector may be reset. This resetting 
of the pixels requires that the pixel array be subjected to a 
uniform magnetic ?eld of suf?cient strength to induce a 
change in the magnetic state of those pixels that Were 
sWitched by the ESD event. The generation of this magnetic 
?eld may be accomplished using an externally packaged 
reset unit, Which may be battery poWered if portability is 
required. Alternatively, the detector may be packaged With 
an on-board coil to generate the magnetic ?eld, thus elimi 
nating the need for an external reset package. 

[0054] From the above, it may be seen that the present 
invention provides a system and method of monitoring ESD 
events Which is both sophisticated and reusable. It also 
alloWs for remote and real time readout, as Well as diagnos 
tic measurement. Finally, the invention can be made to be 
sacri?cial in the event of an ESD event Which Would likely 
damage the devices being monitored. 

[0055] While several forms of the invention have been 
illustrated and described, it Will also be apparent that various 
modi?cations can be made Without departing from the spirit 
and scope of the invention. Accordingly, it is not intended 
that the invention be limited, except by the appended claims. 

We claim: 
1. An electrostatic discharge event detector comprising: 

at least one conductor; 

a magneto-optic element having a ?rst magnetic state and 
being capable of sWitching to a second magnetic state 
in the presence of a magnetic ?eld having a ?eld 
strength that exceeds a predetermined ?eld strength at 
the location of the magneto-optic element; 

Wherein the magneto-optic element sWitches from the ?rst 
magnetic state to the second magnetic state When an 
electrostatic discharge induces a current to How 
through a conductor sufficient to generate a magnetic 
?eld around the conductor that exceeds the predeter 
mined ?eld strength of the magneto-optic element. 

2. The detector of claim 1, further comprising a second 
magneto-optic element having a ?rst magnetic state and 
capable of sWitching to a second magnetic state in the 
presence of a magnetic ?eld having a ?eld strength that 
exceeds a predetermined ?eld strength at the location of the 
magneto-optic element; 
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Wherein the ?rst magneto-optic element is located on a 
?rst side of the conductor and the second magneto 
optic element is located on a second side of the con 
ductor. 

3. The detector claim 2 Wherein the ?rst and second 
magneto-optic elements form a ?rst pair of magneto-optic 
pixels, and further comprising at least one additional pair of 
magneto-optic pixels located on opposite sides of the con 
ductor. 

4. The detector of claim 3 Wherein the distance betWeen 
the pixels forming the ?rst pair of pixels is smaller than the 
distance betWeen the pixels forming the additional pair of 
pixels. 

5. The detector of claim 1 further comprising a second 
conductor and a second magneto-optic element located 
adjacent to the second conductor. 

6. The detector of claim 5 Wherein the ?rst conductor has 
a ?rst resistivity and the second conductor has a second 
resistivity different from the resistivity of the ?rst conductor 
and the ?rst and second conductors are connected in parallel. 

7. The detector of claim 1 further comprising a plurality 
of conductors and a plurality of magneto-optical elements 
located adjacent to a conductor. 

8. An electrostatic discharge event detector for detecting 
the occurrance and polarity of an electrostatic event com 
prising: 

at least one conductor; 

a set of magneto-optic elements located adjacent to the 
conductor, each magneto-optic element having a ?rst 
magnetic state and being capable of sWitching to a 
second magnetic state in response to a magnetic ?eld 
having a ?eld strength that exceeds a predetermined 
?eld strength at the location of the magneto-optic 
element; 

Wherein each magneto-optic element sWitches from the 
?rst magnetic state to the second magnetic state in 
response to a magnetic ?eld generated around the 
conductor by a current induced in the conductor by an 
electrostatic event having an energy level exceeding a 
predetermined energy level. 

9. The detector of claim 8 further including a second set 
of magneto-optical elements located adjacent to the conduc 
tor on a side opposite the ?rst set of magneto-optical 
elements, each magneto-optic element of the second set 
having a ?rst magnetic state and being capable of sWitching 
to a second magnetic state in response to a magnetic ?eld 
having a ?eld strength that exceeds a predetermined ?eld 
strength at a location of the magneto-optical element; 
Wherein each magneto-optical element sWitches from the 
?rst magnetic state to the second magnetic state in response 
to a magnetic ?eld generated around the conductor by 
current induced in the conductor by an electrostatic event 
having an energy level exceeding a predetermined energy 
level. 

10. The detector of claim 9, Wherein the ?rst magnetic 
state of the magneto-optic elements has a ?rst direction and 
the second magnetic state of the magneto-optic elements has 
a second direction and the magnetic ?eld around the con 
ductor has a direction dependent on the polarity of the 
electrostatic event, and Wherein the magneto-optic elements 
change from the ?rst magnetic state to the second magnetic 
state in response to the magnetic ?eld When the direction of 
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the magnetic ?eld is different from the ?rst direction of the 
?rst magnetic state of the magneto-optic elements. 

11. A method of detecting the occurrence of an electro 
static event comprising the steps of: 

providing an electrostatic discharge event having a con 
ductor and at least one magneto-optic element, the 
element having a ?rst magnetic state and a second 
magnetic state; 

subjecting the magneto-optic detector to an environment 
to be evaluated for electrostatic events, Wherein an 
electrostatic event occurring in the environment causes 
a current to How in the conductor thereby generating a 
magnetic ?eld around the conductor and causing the 
element to change from the ?rst magnetic state to the 
second magnetic state; 

determining the state of the magneto-optic element by 
illuminating the element With polariZed light and 
observing the light from the element. 

12. A method for determining the polarity of an electro 
static discharge comprising the steps of: 

providing an electrostatic discharge event detector having 
a conductor and a pair of magneto-optic elements 
located on opposite sides of the conductor, the elements 
having a ?rst magnetic state and a second magnetic 
state; 

subjecting the detector to an environment to be evaluated 
for electrostatic events, Wherein an electrostatic dis 
charge occurring in the environment causes a current to 
How in the conductor, thereby generating a magnetic 
?eld around the conductor and causing the elements to 
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change from the ?rst magnetic state to the second 
magnetic state in response to the magnetic ?eld; 

determining the magnetic state of the magneto-optic ele 
ments by illuminating the elements With polariZed light 
and observing the light from the elements, Wherein the 
polarity of the electrostatic discharge is determined by 
observing Which one of the elements has the second 
magnetic state and Which element has the ?rst magnetic 
state. 

13. A method of determining the approximate magnitude 
of an electrostatic discharge comprising the steps of: 

providing an electrostatic discharge event detector having 
a conductor and a plurality of magneto-optic elements 
located adjacent to the conductor, the elements having 
a ?rst magnetic state and a second magnetic state, and 
each element being separated from the conductor by a 
distance different from each other element; 

subjecting the detector to an environment to be evaluated 
for electrostatic events, Wherein an electrostatic dis 
charge occurring in the environment causes a current to 
How in the conductor generating a magnetic ?eld 
around the conductor and causing the elements to 
change from the ?rst magnetic state to the second 
magnetic state in response to the magnetic ?eld; 

determining the magnetic state of the magneto-optic ele 
ments by illuminating the elements With polariZed light 
and observing the light from the elements, Wherein the 
magnitude of the electrostatic discharge is determined 
by observing Whether the elements have the second 
magnetic state. 


