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MICRO-ELECTRICAL DISCHARGED BASED METROLOGY SYSTEM

BACKGROUND OF THE INVENTION
Freld of the Invention

This mvention s divected to a micro-electrical discharge machine (UEDM)
based metrology system using a styli and sensing at pico-joule energy levels. The nucro-
electrical discharge machine based metrology system 1s a non-comtact, non-destructive, and
on-board metrology system capable of m-process quahity assurance/quality control (QA/QC)

Discussion of Related Axt

Many industries, including semiconductor, medical, automotive, defense and
aerospace have an increasing need for paris with dimensions measwred n microns, commonly
knoww as microstractures. However, known methods for measuring these muicrostructures
have vartous short-comungs which often result in the need to scrap parts which are
manalactured out of specification.

When a conventionally-sized part is manufactared, the part can be removed
from the machining platform and measwred. If a dimension i found to be out of tolerance, the
part can be placed back onto the machining platform for additional work. However, as
machined parts are redaced i size to aucrons with even smaller tolerances, # 15 impractical
for these parts o be re-posiioned on the machie after mensuring with the necessary
accuracy. Accordingly, in order to maintain reference points on the machined part, the parnt
st be measured on the machining platform prior o removal, I a part is removed {ront the
machine to be measuwred and found to be out of specification, the part must be scrapped as it
s very cifficult to reposition in the machine with the accuracy vecessary for additional
machining. The machining process must then be modified and & new part fabricated. This
costs tine, monay, and results 1 material waste.

Known on-machine metrology devices can cut this drop-out rate by H0%,
resulting in substantial savings to the manufacturer, supplier, and consumer. However, these
knows metrology platforms are expensive, have fragile sensors and have a linnted scope of
maasarement.

Known on~machine micro-metrology sysiems are penerally divided into two
types, tactile or optical systems. Optical systems, either visible or laser, are hnuted by line-of-
sight restrictions (i ¥ can't ses i, # can't measure i), While tactile based svstams have

delicate sensors with limited ranges with respect to aspect ratios, sidewalls, and overhangs.
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Tactite sensors also rely on surface contact with the parl, stwibce contact can leave witness
marks, scratches or blemushes that can vender a part unusable for an ntended purpose. As an
exgmple, cue type of ultra-high precision probe will contact & surface with 0.300 Nm/pm of

force. Thay force is 15 billion times greater than the smallest force from the ssnsor of this

3 fnveption.

Both tactile and optical systems are also adversely affected by maching oils
and other machining residues. For either of these systems to he effective, additional cleaning
steps are necessary both inside and oatside of the machming platform prior to use.

As sach, there i3 a need for an improved metrology systern for measuring

1 micro-sized components that avoids the short~comings of known metrology systems.
SUMMARY OF THE INVENTION

A general object of the invention 8 to provide a metrology system that uses
glectrical discharge sensing to measure g component’s size,

13 Electrical discharge machining (EDM) 15 currently a purely matenial erosion

mamsfacturing process whereby eleciric sparks ave used to erode matenial from a work piece
to form a desired shape. A twol-electrode and a work piece-electrode are subjected to an
¢lectric voltage and in g dielectric, Inmially, as the tol-slectrode approaches the work piece-
electrode the dielectric acls as an insulator. As the tool-electrode moves closer to the work
20 piece an electric field breaks down the dielectric, forming a plasma bubble between the tool-
electrode and the work prece~glectrode. The plasing bubble conducts a flow of energy. a
spark, between the work piece-glectrode to the tool-electinde, evaporating maierial from the
work piece and a smaller amount of material from the tool. This fow of energy depletes the

charge stored n the system, and equatizes an electric potential between the wol-electrode and

f A
T4

weork pece-glectrode, collapsing the eleetric field and ending the spark event. Particles of
evaporated material cool and are flushed awav with the dielectric flaid. With the electrical
{flow broken, the capacitor recharges and the slectric field is reestablished. Table 1 lists the
waditional energy levels used by conventional EDM gnd uEDM systems. It is traditionally

held that EDM cirenits will not function with a bias of less than 60 volis.

g4
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Vaoltage (V) Capacitance { pF) Energy {nh)
Conventional EDM energy 32.000,000
e 33 16,500
] LT Bl
&0 i 18
Table 1

Instead of the conveniional focus of an EDM described above, the metrology
machine of the present mvention uses a fower energy level so as o not rewove any matenal
from the surface of the work piece,

In a preferred embodiment, the micro-electrical discharge based metrology
system for non-contact, non-destructive, on-board metrology inchudes a pico-joule energy
tevel WEDM sensing circuit and a reliable spindle probe sensor that is electrically solated and
mountable 1 a vartety of conventiongl EDM machines. Sensing with these energy levels
asing a pEDM formed stvh 15 9 reversal of the process bebind EDM, Such nunuie energy
fevels, combined with bigh frequency response electrontes, will create a nou-destroctive, non-
contact electrical sensor for in site metrology. The systent of this invention will not only have
the abthity for micro-metrology. but will have the added benefit of a pEDM's innate capabahity
to self-manufacture s own probe sensors, as well as the standard pEDM functionality for
manufacturing micro-holes, contoured formung, and de-burring of conductive materials.

i a preferred embodiment, the nucro-electrical discharge based metrology
system of this invention inchudes a tank to hold & work piece, preferably in a dielectric flmd.
Prefarably, the tank inclades a support surface and a mechanism to reposition the work piece
m at least two dimensions and preferably three dimensions, The work piece preferably
comprises a conductive material, for exanyple, but not limited to, metallic materials including
stainless steel, platinum, Utanium, gold and molybdenum. However, the work piece need not
be & metallic matertal and may comprise any conductive material inclading, but vot hmited
to, cerantic materials, doped silicon, impregnated cersmics, and thin-film covered, non-
conductive materials.

The mucro-clectrical discharge based metrology system of s invertion
further includes a probe with a mechamsm for positing the probe in proximuty 1o the work
piece. The mechamism 1 preferably o computer numenical control {onc) machine that s
capable of moving the probe 1 at least two dimensions and preferably m three dimensions.
The probe preferably comprises one of a traditional coordinate measuring machine (CMM;
stylus, 9 evhindrical stylus, an ultra-smooth stylus, g rectangular stylus, a wheel or disk stvlus,
3
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and atapered sivlus. However, this mvention 1 not fimited to the histed stvly and may be any
type of stylos known to a person of skill in the axt.
The micro-electrical discharge based metrology svsiemt of this invention

further includes a control unit with a sensing circwt {also known as a discharge circuil) and a

1.4

controtler for the onc maching. The sensing crawt ¥s electnically connected (o the probe and
the work plece. The sensing circuit preferably comprises a resistor-capacior (RC) ciraut that
runs on § natural frequency of the chosen component values, Alternatively, the sensing circuit
may comprise a pulsed direct current {DC) generator with a frequency selected by a
wavelorm generator,

1 It operation, the ene machine moves the probe in proximity 1o the work piece,
as a gap between the work piece and the probe becomes sufficiently small a dielectric
breakdown occars and a position of at least one of the probe and the work piece 18 recorded,
preferably on a recordable medinm in the control umt andfor the enc machine. The cne

machine then moves the probe o another position in proximity 1o the work piece (0 record

-
i

another position. This process is repeated until the work pigce is dimensioned, as nesded. Ina
preferved embodiment, a spark energy resalting from the dielecine bregkdown does not cause
damage 1o & surface of the work piece. In an embodiment, the spark energy resulting from the
dielectric breakdown 15 less than 2.0 nanojoules (nd}.  In another embodiment, the spark
energy resudiing from the dislectnie breakdown i3 less than 0.500 nanojoales. In another
20 embaodiment, the spark energy resulting from the dielectyic breakdown is less than 0.020
nanojoules.

in another prefered embodunent of this mvention, the mucro-electrical
discharge machine for non-contact measuring of this mvention 13 a stand-alone machine that

includes an isolated probe systeny, a stand-alone control box, a control cable and coded

25 mstructions to mterface with a third-party micro electrical discharpe machine andior a third-
party cnc machine. In another embodiment, the micro-electrical discharge machine can be
retrofit onto existimg pEDM as well as heensed and distributed with new DM platforms.

BRIEF DESCRIPTION OF THE DRAWINGS
30 These and other objects and feanwes of this trvention will be better understood

from the followng detailed deseription taken i conjunction with the drawings, wherem:
Fig. 1 15 a schenatic drawmg of a micro-electrical discharge based metrology

system according to one embodiment of this invention;
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o,

Fig. 2 shows a sensing cireuit according {0 a prefered embodiment of this
mvention;
Fig. 3 shows a preferred embodimment of a probe thut may be used with the

nucro-glectrical discharge based metrology svstem of Fig. 1,

1.4

Figa. 4.1 to 4.7 show various alternative probes that may be used with ihe
nicro-electrical discharge based metrology system of Frg. 1;

Figs. 5.1 and 52 show a pair of probes that may be used with the micro-
electrical discharge based metrology system of Fig. 1 and surface deformations resalting
from each probe;

10 Fig. 6 shows a pair of graphs showing measurement repeatability of the nucre-
electrical discharge based meftrology system of this invention; and

Fig. 7 shows a carbide nozzle and a 3-D mapping of the carbide nozzde.

DESCRIPTION OF PREFERRED EMBODIMENTS

I3 Fig. 1 is a schematic disgram showing a preferred embodiment of a micro-

clectrical discharge (pEDM) based metrology system 10 of this ivention. The pEDM-based

metrology system 18 provides a noun-contact, non-destractive, on-board metrology system,

The ubEDM-based metrology system 10 of this embodiment includes a control unit 12 fiwr

operating the pEDM-based wetrology system 10, a spindle probe 14, a mucro-glectrical

20 discharge machine 16 and a tank I8 with & work surface 20 and filled with a dielectric fhad
2

In a preferred embodiment. the comtrol wnit 12 ncludes a sensing wircwt 24

{also known as a discharge ciremt) that 1s electrically connected to the spindle probe 14 and a

work piece 100, In a preferred embodiment, the sensing circnit 24 comprises a resistor

f A
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capacitor (RC) circuit that runs on 2 natwral frequency of the chosen component values. Fig. 2
shows a detatled cirenit lavout for a preferred embodiment of the sensing circuit 24 of thig
mvention. The cirowit of Fig. 2 nchudes compection 1o probe 30, connection from probe 60
and connections o a control circutt 70, In an altemative embodiment, the sensing cireuit 24
may comprise a pulsed direct cwrrent {(DC) generator with a frequency selected by a
30 waveform generator,

i g preferred ermmbodimeny, the sensing circuit 24 15 designed to operate at

pico-foule energy fevels, such as 5-2€ volts and 10 pF. to prevent damaging the work piece
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106, However, the sensing circuit 24 can be designed 1o operate at any energy level that
provides non~destructive metrology.
T the embodiment of Fig. 1, the control unit 12 further includes g controfler

26 for providing instructions to the pEDM 16, The controller 26 i connected to the pEDM

1.4

16 via a control cable 28, In a prefeved embodument, the controllar 26 inchudes coded
fustructions  {software andéor  hardware) to provide a wser-independent, closed-loop,
metrology system. Where the coded mstructions may comprises a recordable mediam in
combination with a dafa processor. The control unit 12 i3 preferably platform-mdependent,
capable of providing the necessary inputfontput (10} to communicate motion and detection
10 on various third-party machining platforms. This will allow for the pEDM-based metrology
system 10 be mounted on third-party platforms, working as on-board micro-metrology
system 1n addition {o the machinmy aspects of the third-party platform. The pEDM-based
metrology system 1) is preferably capable of working directly with thivd-party platforms as a

setfeadaptive micro-machining platform. Tn the embodiment of Fig. 1, the control unit 12 &5
P £y g. i,

-
i

shown as a separate component. However, 1n an aliernative ambodiment, the contref unit 12
can be manufactured as g component or & feature of the gBDM 16,

in the embodiment of Fig. 1, the uEDM 16 includes a mechanism 34 for
positioning the spindle probe 14 and a recerver 30 for conpecting the spindle probe 14 to the
gEDM 16, In a preferred embodiment, the mechanism for positioning the spindle probe 14 18
20 a computer munencal controlled {enc) machine that is capable of moving the probe 14 1n at
feast two dimensions and preferably i three dimensions. In a preferred embodiment of this
mventon, the mechanism 34 for controlling the position of probe 14 1x controliable from the
controb wmit 12,

Preferably, the receiver 30 15 a double V-groove mandrel holder that allows

f A
T4

the probe 14 to be removad from the pEDM {6 and later retumed for additional measuring
with little necessary positional calibration. The double V-groove mandrel holder maintains
positional accoracy o less than 0250 microny between mandrels. Allowing micro-
manutactured pans o be measured i sin, and verified prior fo removing the micro-
mnsfactured parts from the machimng platform. o an alternative embodiment, the receiver
30 30 may comprise another means for connecting the probe 14 to the uEDM 16 mcludmg, for
example but not hnuted 1o, a spindlefcoliet sysiem and a chucked spindle probe,

When attachimg the spindle probe 14 to the receiver 30, the probe is preferably

calibrated. In a preferred embodiment, the spindle probe 14 of this invention 18 ealibrated

6
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using a testing process for CMM calibiation, for example, ASME BRO4L, VDEVDE 217
and 1SO 10360, The testing process for CMM cabbration preferably inclades 21 tests of
various standards including: linear accuracy for each axis (X, Y, Z); squareness of axes 1o

each other (XY, XZ, YZ}; horizontal and vertical straightness of sach axis (X, Y, Z); and

1.4

rotational accuracy of each axis {pich, roll, and vaw of each axiy). Each test wmvolves
collecting data by meanuring & series of gauges as defined, and many times calibrated and
provided, by the National Institute of Standards and Technology.

The spindle probe 14 can have varions shapes and sizes depending on the
shape and material of the component that is o be measured. Wire Electro-Discharge Gnnding
10 (WEDG} is a process for tool formation that allows for the creation of tools with various

shapes and sizes. The probe 14 is preferably machined with the WEDG process o an opiimal
shape for individual part measgrement. Fig. 3 shows a preferred embodiment of the probe 14
of this mvention comprising a cylindrical probe with a rounded conical tip. Figs. 4.1 < 4.7
show seven alternative embodiments of probes that may be used with the pEDM-based
13 metrology svstem 10 of this wmvention. Fig. 4.1 15 2 probe for high aspect ratio forms. Fig. 4.2
ts a fraditional MM stvlus, Figo 4.3 18 a disk or wheel probe used to measure a variety of
features including, but not linuted to, side-walls, reverse tapers and threads. Fig. 4415 3
general cvhindrical stvlus. Fig. 4.5 15 an ulira-smooth {10 mm Ra) 70 micron styli in the CMM
style. Fig. 4.6 15 a rectangular stylus for measoring fnside comer radii. Fig 47 15 2
20 specialized tool for measuring the bottom radh within V-channels and tapered holes.
However, it should be understood that the probe 14 is not linuted to the shapes of Figs. 2 and
3.1<3.7 and can have any shape necessary {or measurning a component with thas imvention,
As shown i Fig. 1, the pgEDM 16 farther includes the tank I8 with the work

surface 20, Tn a preferred embodiment, the tank 18 is filled with a dielectric flud 22 however,

f A
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the tank does not require the dielectric fluid 22. In a preferred ambodiment, the dielectnic
fhad 22 comprises a standard gEDM diglectric fluid. Including, for example but not linied

10, the fhads listed in Table 2.

Flaid Name Viscosity Dielectric Strength Specific Gravity

EDM 36 3.4 ¢St High 082
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (CONUSIOKRES) | oo

lonoplus 2.8 ¢St High (4.793

EDM 188 P87 eS8t High (1788
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However, the dielecinic fluid 22 15 oot limied to the diclectric Duids hsted 1 Table 2 and
may comprises any fhud which sllows for a dielectnic breakdown to occur as the probe 14 &
brought into close proximuty with the work piece 100, In an aliernstive embodimeny, the

diglectric fluid 22 mav comprise a gas including, for example, air and argon gas.

1.4

In an embodiment of the mventon, the pEDM 16 further includes a platform
32 that allows for the position of the work piece 100 o be adjusted i at least two dimensions
and preferably in three dimensions.

In operation, the control unit 12 with the controller 26 matructs the pEDM 16
andfor the cne machine 34 to move the probe [4 1 proximity 1o the work prece 100, as a gap
10 between the work piece 100 and the probe 14 becomes sufficiently small a dielectnic
breakdown occurs, Upon detection of a current flux due (o the diglectric breakdown the probe
14 15 halted and coordipates of the probe 14 are recorded. The yEDM 16 then moves the
probe 14 to another position in proximity to the work piece until mnother dielectric

breakdown oecurs and gnother position is recorded, This process is repested nnnl the work

-
i

pece 100 is dimensioned, as needed. For example, when measuring relatively flat surfaces,
the pEDM 16 moves the probe 14 ten microns 1 a vertical direction {z-uxis) until a diclectric
breakdown occurs and a position of the probe is recorded. The probe 14 is moved n the
reverse vertical divection, then moved ten microns i a faterad divection {x-axis andior y-axis)
and the probe 14 18 then lowered agam wntil another dielectric breakdown scows and the
20 position of the probe is recorded again. The movesent of the probe 14 in the x-axis, y-axis
and z-axis may be varied as necessary depending on the material and the surfice features of
the work prece 100 In a preferred embodinment, a spark energy resulting from the dielechiic
breakdown does not cause damage to a surface of the work prece 100, In one embodiment,

the spark emerpy resulting From the dielectric breskdown s less than 2.0 nanojoules. In

f A
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another embodiment, the spark energy resulting from the dielectric breakdown s lzss than
0.500 panojorles. In another embodiment, the spuk evnergy resulting from the dielectric
breakdown 1s less than 0.820 nanojoules.

The uEDM hased metrology system 10 of this invention was tested using two
types of sensor probes, four types of materials and at vatious energy levels to deternune
30 wiach variables have the most impact on surface deformation. The two types of probes tested
weluded a cyhmdrical probe with a flat end and a cyvlindrical probe with a rounded concal tip
probe. The four type of matertals included stainless sicel, molybdenuny, gold and platinum,

The testing was done with a foces on two fundamental aspects: repeatability and swrface

SUBSTITUTE SHEET (RULE 26)
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deforpation. The testing was accomplished in an operating machine shop, waing a standard
uFEDM dielectnie fluid {EDM 303 and wath no additional cleaning processes of either the
sensor probes or the test materials,

Table 3 shows electrical vanables and thew level of impact on swiacs

deformation.

Variable Range Impact
Engrgy 3-20V | 1OpF] High[0-5V1 | Low {S-20V] | High [>20V]
Polariy Posiive of Negative High
| Sensitivity | 10-90% rise time Low [10-78%1 I High {>75%]

Table 3

The testing revealed that below 20V (10pF), and above § volts (10pF) the
energy level had tutle pact on surface deformations. However, at higher voltages, greater
than 20V, the chance of dielectrie breakdown and stray discharges creating tell-tale EDM
marks increases. Lower voltages, Jess than 5V, were also less reliable as they were below the
SV osupply of the sensing circuit reducing the sensing capability of this mvention and
possibility resulting in the probe contacting and marking the work piece.

The testing also reveapled that the sepsivity of the discharge circut was
nearly mconsequential. I the sensitivity was set too high, greater than 75%, the system could
be triggered by impunities in the flushing mednun, the dielecinic flnid.

The testing also revealed that a positive voltage polarity had 2 much more
significant impact on swface deformation than did a negative voltage polarity, From this
festing, if was determined that the optimal seusing voltages for mosst probes is batween -3 and
=20 volis with respect to the substrate.

The testing was conducted with two types of probes a straight 90 degree
cyhinder and & rounded conical cvhinder. 1t was determined that the shape of the probe has &
great impact on the non-contact characteristic of the process of this wmvention. Figs. 5.1 and
5.2 show each of the probes and the resulting swface deformation on Platinum. Fig. 5.1
shows the straight 90 degree cyvlinder probe and the resulting surface defonmation of the
Platinem at 600x roony. Frp 5.2 shows the rounded conical ovlinder probe and the resulomg
surface deformation of the Platnum a1 3000x zo0m. These Figares shows how a flat surface
probe was more prone o surface contact and grninding, while a rounded surface probe was
maore reliably non-contact, It was also determined that lower feed vates were necessary for flat
sensors o achieve comparable results with miore rounded sensors. The probes were both run

at Smnnmin.
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Please note that the {ested cwewt viilized a 5V supply of the sensing enreuit.
However, the SV sepply of the sensing civcuit need not be 3V and can be designed to operate
at g higher or lower voltage which may change the electrical vangbles and their level of

impact on surface deformation deseribe above.

1.4

Repeatability 1§ 8 key aspect of this invention as any sueface erosion can alier
future positioning. The non-destnetive nature of this process minimizes errors that are
caused by surface erosion. Fig. 6 shows a 30 sample segment of how the process repetitively
measwred a single line. The standard deviation of the line measurements was i the range of

100nm, with a2 maximom of 1530nm and 8 minimum of RGmm.
10 As a fingl test of the process, a work piece was measured and checked for
imperfections. Fig. 7 shows 3 polished nozzle and a cut-away of #is mapped form. The
polished nozzle was measured using a brute force algorithm and then mapped separately. The
mapping was prepared to expose any inconsistencies, or shelves, created by the conventional

macluning process. The result is the graph of a smooth form, The polished nozzle was later

-
i

mspected { 1000x} for “witness” marks and none were found.

Thas, the testing shows ithat the uEDM-based metrology svstem of this
nvention can be an effective metrology tool, The prime vangbles affecting the process are
voltage pelarity, energy and probe shape. Other variables were found to be inconsequential
except at the extremes, while others, with the optinuzation of electrode form, were shifted to
20 benefit the process, such as feed rates and voltage potentials.

Thus, the mvention provides a micro-electrical discharge machine based
metrolopy system. The nucro-glectrical discharge machine based metrology systent ix 3 non-
contact, non~destructive, and onboard metrology system capable of -process quahty

assurance/gquality control.

f A
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it will be appreciated that details of the foregoing embodiments, piven for
parposes of dlustration, are not o be consinwed as linuting the scope of this invention
Although only g fow exemplary embodiments of this invention have been described in detad
above, those skilled i the art will readily appreciate that many modifications are possible n
the exemplary embodiments withoat materially departing from the novel teachings and
30 advantages of this invention. Accordingly, all such modifications ave mtended 1o be included
within the scope of this mvention, which s defined m the followmg clams and all
equivalents thereto. Further, it 15 recognized that many smbodimems may be conceived that

do wnot achieve all of the advantages of some embodiments, particnlarly of the preferred
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embodiments, vet the absence of a particular advantage shall not be construed (0 necessanty

mean that such an embodiment is outside the scope of the present fnvention.

1
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What 1s claimed ix:

i A micre-clectnical discharge machme for pon-comtact metrology
COMpPrising:

a control i mcluding a sensing cirawit, 1 condroller and a controd cable;

a spindle probe 1 electrical connection with the sensing clveuit;

a micro-electrical discharge maching connected fo the control unit with the
controf cable, the micro-electrical discharge machine including a veceiver (o hold the spindle
probe and a mechamsm for moving the spindle probe n at least two dimensions;

a tank mcloding a work surface;

a work prece possioned on the work surface;

wherein the controller of the control anit mclades coded instractions to move
the spindle probe 1 proximity to the work piece, as a gap between the work piece and the
spindle probe becomes suffictently small g diglectric breakdown ocours and @ position of the
spindle probe is recorded; and

wherein g spark energy resulting from the dielectric breakdown does not caunse

damage to a surface of the work piece.

2. The micro-electiical discharge machine of Clamm 1, wherein the sensing
ciroust comprises a resistor-capacitor (RC) circwt and the sensing civcutt runs on a natoral

frequency.

3. The nucro-glectrical discharge machine of Claim 1, wherein the recewver

comprises a spindledcollet systerm.

4. The micro-electrical discharge machme of Claim 1, wherein the receiver

comprises double Vegroove mandred holder.

S. The micro-electrical discharge machine of Claim 1, whereiy the spindle
probe comprises one of a cylindrical probe with a rounded conical tip, a traditional CMM
stylus, a cylindrical stylus, an ultra-smooth stvlus, a rectangalar stylus, a wheel stylus and a

taperad styvlus.
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6. The micro-electrical discharge machine of Claim 1, wherein the work piece
comprises a conductive material including one of stanless steel, platimam, titamium, gold and

molybdenum.

7. The micro-glectrival discharge maching of Clamm 1, wherein a spavk engrgy

resulting from the dielectric breakdowsn 1§ less than 2.0 nanojoules.

8. The micro-eleetnical discharge machine of Clany |, wherein a spark enerpy

resulting from the dielectnic breakdown is less than 0,500 navojoules.

9. The micro-elecirical discharge machine of Claim 1, wherain a spark engrgy

Py

resulting from the dielectric breakdown is less than £1.020 sanojoules.

1), The micro-electrical discharge machine of Claim 1, wherein the spindle

probe is glecinically isolated.

11 The nucro-electrical dischirge machine of Claim 1, wherein the micro-
¢lectrical discharge machine is capable of operating as & materiat erosion machine.

12, The wmicro-electrical discharge machine of Claim 1, wherein the
mechanism for moving the spindle probe in at least two dimensions comprises & computer

numerical control mache.

13, A micro~electrical dischwrge wmachine for non-comtact metrology
comprising:

a control unit incloding a sensing cirenit and a ene controller,

g cone machime i conpection with the cne controller, the cne maching
mcluding a machining arm and a drive mechantsm for moving the machining arm;

a spile probe 1 electrical connection wath the sensing cireuit, the spindle
probe mounted to the machining amy

a work piece posioned on a work surfuce;

whetein the control unit controls the drive mechanism o move the machining

arm and the spmdie probe m proxinuty 1o the work piece, ax a gap between the work prece

13
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and the and the spindle probe becomes sufficienty small a dielectnie breakdown occurs and 2
position of the spindle probe is recorded; and
wherein g spark energy resulting from the dielectric breakdown does not cause

damage to a surface of the work piece.

4. The micro-electrical discharge machine of Claim 13, wherein the sensing

circult comprises a resistor-capacitor {RC) circudt.

15, The mucro-electrical discharge machine of Clmm 13, wherein the sensing
cireuit comprises a pulsed direet current (DC) gencrator with a frequency selected by a

waveform generator.

16, The micro-electrical discharge machine of Claim 13, wherein the spindle
probe comprises one of a cyhindrical probe with 4 rounded conical tip, a traditional UMM
styius, a oyhindrical styhus, an ulira-smooth stvlus, a rectangular stvlus, & wheel stylus and a

tapered stvlus.

17, The micro-electrical discharge machme of Claim 13, wherein a spark

energy resulting from the dislectnie breakdown is less than 2.4 nangjoales.

8. The micro-electrical discharge machine of Claint 13, wherein the spindle

probe is electrically iselated.

19, The micro-electrical discharge machine of Claim 13, wherein the nucro-

electrical discharge machine is capable of operating as & material erosion maching.

20, A methed of operating a micro-electrical discharge machine as a nons
contgct metrology machine comprising:

conhecting a cobtrol wnit 1o the nueoro-slecirical discharge machine, whergin
the control unit inchides a sensing circast and an electnically isolated spindle probe;

operatg the mucro-electrical discharge machine to move the electrically-

iolated spindle probe i proxamity to 3 work pece 1o be measured;

14
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sensing 8 dielectric breakdown as a pap between the work prece and the

spindle probe becomes sufficiently small and whevein a spark energy resulting from the
dielectric breakdown does not cause damage 10 a surface of the work picce; and

~

recording a position of the spindle probe at the dielecinic braskdown,

15
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