wO 2005/029928 A2 || 000000 0 000 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

A OO0 OO

(10) International Publication Number

31 March 2005 (31.03.2005) PCT WO 2005/029928 A2
(51) International Patent Classification’: HOSK (71) Applicants and
(72) Inventors: TOURNE, Joseph, A., A., M. [NL/NL];
(21) International Application Number: Schrevenhofdreef 11, NL-5709 RM Helmond (NL).
PCT/US2004/030490 LEBENS, Patrick, P., P. [NL/NL]; Blijdestein 69,
NL-6132 CT Sittard (NL).
(22) International Filing Date: (74) Agent: BROCKHAUS, Marc, A.; Dunlap, Codding &

17 September 2004 (17.09.2004)

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

60/504,399 19 September 2003 (19.09.2003)

English

English

UsS

(71) Applicant (for all designated States except US): VIASYS-
TEM GROUP, INC. [US/US]; 101 South Hanley Road,

Suite 400, St. Louis, MO 63105 (US).

(81)

Rogers, P.C., P.O. Box 16370, Oklahoma City, OK 73113
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

[Continued on next page]

(54) Title: CLOSED LOOP BACKDRILLING SYSTEM

=40

(57) Abstract: A multilayer circuit board
is provided with at least one signal layer,
at least one feedback layer, and at least one

/

46

48

s :
2
A
) / '
& 26 12 \14 \16

~—30

dielectric layer positioned between the signal
layer and the feedback layer. The signal
layer is connected to at least one plated
hole. The feedback layer has a contact pad,
which is positioned adjacent to the plated
hole, but is electrically isolated from the
plated hole. The contact pad is connected to
a measurement unit. The dielectric layer is
positioned between the signal layer and the
contact pad of the feedback layer. A portion
of the plated hole forms a stub portion, which
extends a distance away from the signal
layer and typically extends a distance away
from the contact pad of the feedback layer.
To remove the stub portion, a hole is bored
or routed into the multilayer circuit board
until electrical feedback is received by the
measurement unit upon contact of a portion
of the boring device with the contact pad.
Upon receipt of the electrical feedback by
the measurement unit, the boring device is
retracted from the hole, and the hole formed
by the boring device is filled with an epoxy,
or other filler material.
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CLOSED LOOP BACKDRILLING SYSTEM

Cross-reference to Related Applications

[0001] The present patent application claims pridrity to the provisional patent application
identified by U.S. Serial No. 60/504,399, filed on September 19, 2003, the entire content of

which is hereby incorporated herein by reference.

Background of the Invention
[0002] Multitayer circuit boards and/or wiring boards are well known in the art. The
multilayer circuit boards are formed with a number of signal layers (conductive layers) which:
are arranged in a predetermined pattern. The signal layers are insulated from each other by
dielectric layers. Thus, the multilayer circuit board is formed from interleaved (e.g.,
alternating) signal layers and dielectric layers.
[0003] Plated holes or “vias” are formed through the multilayer circuit board to connect one
signal layer to another signal layer. The plated holes typically extend from one main side of
the multilayer circuit board to an opposite side of the multilayer circuit board. *In some
instances, the plated holes or vias include a “stub portion” which extends away from the
signa[' layer toward one of the sides of the multilayer circuit board. In some circumstances, it
is desirable to remove the stub portion to enhance the signal to noise ratio in electronic
systems that utilize high-speed signals. The smaller the stub portion the better the signal
quality.
[0004] In the past, the stub portion of the plated holes is removed in a process referred to as
"back drilling". In the back drilling process, the stub portion of the plated hole is removed by
drilling the stub portion to a predetermined depth. However, in practice the thicknesses of
the various layers in the multilayer circuit boards are not uniform, and the depths of the
signal layers within the multilayer circuit boards vary, which often changes the amount of the
stub portion which needs to be removed. Dirilling too deeply will disconnect the signal layer
from the plated hole, or leave an unreliable connection; not drilling deep enough decreases
the signal to noise ratio.
[0005] The invention discussed herein uses a technique which overcomes the problems

associated with the variance in thickness of the layers in the multilayer circuit board.
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Summary of the Invention
[0006] In general, the present invention relates to a multilayer circuit board, and a closed
loop backdrilling system for backdrilling the multilayer circuit board. The multilayer circuit
board is provided with at least one signal layer, at least one feedback layer, and at least one
dielectric layer positioned between the signal layer and the feedback layer. The signal layer
is connected to at least one plated hole. The feedback layer has a contact pad, which is
positioned adjacent to the plated hole and is connected to a signal/electrical source, but is
electrically isolated from the plated Eole. The dielectric layer is positioned between the
signal layer and the contact pad of the feedback layer. A portion of the plated hole forms a
stub portion, which extends a distance away from the signal layer and typically extends a
distance away from the contact pad of the feedback layer. The feedback layer can be any
layer within the multilayer circuit board, such as a separate network layer as shown in Fig. 2,
or a ground layer, signal layer, or power layer.
[0007] To remove the stub portion, a hole is bored or routed into the multilayer circuit board
until electrical feedback is received from the feedback layer of the multilayer circuit board
when a certain depth is reached. Typically, the electrical feedback is received from the
multilayer circuit board upon contact of a portion of the boring device with the feedback
layer. Upon receipt of the electrical feedback from the multilayer circuit board, the boring
_device is retracted from the hole, and the hole formed by the boring device can then be filled
with an epoxy, or other filler material. .
[0008] In one preferred embodiment, the feedback layer is only used during the
manufacturing process of the multilayer circuit board. In other words, in this embodiment,
once the manufacturing process is complete, the feedback layer is not used to connect any

components or signal layers or for ahy other electrical type of purpose.

Brief Description of the Several Views of the Drawing

[0009] Fig. 1 is a diagrammatic view of a closed Io‘op backdrilling system constructed in
accordance with the present invention.

[0010] Fig. 2 is a top plan view of one embodiment of a feedback layer formed in a
multilayer circuit board wherein the feedback layer forms a separate network.

[0011] 'Fig. 3 is a cross-sectional view of a portion of a multilayer circuit board constructed in
accordance with the present invention.

[0012] Fig. 4 is a top plan view of a contact pad of a feedback layer constructed in

accordance with the present invention.
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[0013] Fig. 5 is a cross-sectional view of a portion of a multilayer circuit board constructed in
accordance with an alternate embodiment of the present invention.

[0014] Fig. 6 is a cross-sectional view of the portion of the multilayer circuit board
constructed in accordance with an alternate embodiment of the present invention.

[0015] Fig. 7 is a top plan view of an alternate embodiment of a contact pad constructed in
accordance with the present invention.

 [0016] Fig. 8 is a diagrammatic view of an alternate embodiment of a closed loop
backdrilling system constructed in accordance with the present invention.

[0017] Fig. 9 is a diagrammatic view of yet another alternate embodiment of a closed loop

backdrilling system constructed in accordance with the present invention.

Detailed Description of the Invention ‘

[0018] Referring now to the drawings and in particular to Fig. 1, shown therein and
designated by a reference numeral 10 is a closed loop backdrilling system constructed in
accordance with the present invention. The closed loop backdrilling system 10 is used for
depth drilling an already plated hole 12 formed in a workpiece 14 using electrical feedback
from the workpiece 14 when a certain or predetermined depth is reached. The feedback
during the drilling process makes it possible to yield much higher accuracy independent of
the depth of a particular layer Within the workpiece 14. In one preferred embodiment, the
workpiece 14 is a multilayer printed circuit board 16. Although the workpiece 14 will be
described herein as the multilayer circuit board 16, it should be understood that the
workpiece 14 can be any apparatus, or device where it is desirable to drill to a certain or
predetermined depth within the apparatus or device.

[0019] The multilayer circuit board 16 is provided with at least one or more signal layer 20,
at least one or more feedback layer 22, and at least one or more dielectric layer 24. The
signal layer 20 is connected fo the plated hole 12. The feedback layer 22 has a contact pad
26 (see Fig. 4). The contact pad 26 is spaced a distance away from the signal layer 20 and
is electrically insulated from the plated hole 12. The dielectric layer 24 is positioned between
the signal layer 20 and the contact pad 26 of the feedback layer 22 so as to electrically
isolate the contact pad 26 from the signal layer 20. As will be discussed in more detail
below, the contact pad 26 is contacted during the manufacturing process of the multilayer
circuit board 16 to provide electrical feedback.

[0020] The multilayer circuit board 16 is also provided with an entry material 28, and a
second plated hole 30. The entry material 28 extends over a first surface 32 of the
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multilayer circuit board 16. Entry materials, such as the entry material 28 are well known in
the art. Thus, no further comments are deemed necessary regarding the entry material 28
to teach one skilled in the art how to make or use the present invention. The second plated
hole 30 is electrically connected to the contact pad 26 of the feedback layer 22.

[0021] The closed loop backdrilling system 10 is provided with a boring device 40. The
boring device 40 is provided with a spindle unit 42 supporting a cutting device 44, and a
servo control unit 46 for the Z-axis motor control. The boring device 40 can be a drill, milling
machine or router. ‘

[0022] The closed loop backdrilling system 10 is also provided with a measurement unit 48.
The measurement unit 48 communicates with 1) the spindle unit 42 and/or the cutting device
44 of the spindle unit 42, and 2) the second plated hole 30 for determining the contact or
proximity between the cutting device 44 and the contact pad 26 of the feedback layer 22.
[0023] In general, the measurement unit 48 senses a transition of a physical property
indicative of contact or close proximity between the cutting device 44 and the contact pad
26. In one preferred embodiment, the measurement unit 48 includes a capacitive sensor
due to the airbearing construction in the drill spindle for sensing the capacitance between
the cutting device 44 and the contact pad 26. In another preferred embodiment, the
measurement unit 48 is a resistance meter for measuring the resistance between the cutting
device 44 and the feedback layer 22. In this instance, the cutting device 44 is constructed of
a condubtive material, or is plated with a conductive material. The cutting device 44 can be
constructed of a cutting type material, e.g., a ceramic material or a metallic substance, such
as steel. ,

[0024] When the cutting device 44 contacts the feedback layer 22, the resistance rapidly
reduces. A signal indicative of this rapid transition is transmitted to the servo control unit 46
for controlling the spindle unit 42. When the cutting device 44 reaches the feedback layer
22, the spindle unit 42 retracts the cutting device 44 from the plated hole, or a signal is sent
fo the servo control unit 46 to cause the servo control unit 46 fo measure further depth
drilling beyond the feedback layer 22. The servo control unit 46 can be programmed to
cause the cutting‘device 44 to move in a substantially continuous manner during the
backdrilling operation. The servo control unit 46 can also be programmed for other drilling
operations, such as pulse drilling, e.g., move in-stop, move in-stop, etc, or customizable
drilling operations. The advantage of pulse drilling is that it breaks the burr (e.g., a thin ridge
or area of roughness produced in cutting or shaping metal) while drilling and enhances the

backdrilled effect. Although the present invention is described as using the servo control
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unit 46, it should be understood that the present invention can use other types of controllers
for controlling the movement of the spindle unit 42.

[0025] As shown in Fig. 3, the cutting device 44 forms an enlarged portion of the hole 12
having a backdrill diameter 50 during the back drilling operation. The backdrill diameter 50
(or cross-sectional area of the enlarged portion) is greater than a first drill diameter 52 (or
cross-sectional area of the plated hole 12) of the plated hole 12 to remove the plating from
the stub portion 18 of the plated hole 12. Thus, the cutting device 44 removes the plating of
the plated hole 12 during the backdrilling operation until the cutting device 44 is retracted. It
should be understood that the diameter of the cutting device 44 can be any size capable of
removing the plating of the plated hole 12. In one preferred embodiment, the cutting device
44 has a diameter approximately 0.35 mm greater than the diameter of the cutting device
used to form the first drill diameter 52 of the plated hole 12. Preferably the cutting device 44
forms a round hole. However, it should also be understood that the cutting device 44 can be
translated or paired with another cutting device so as to form a substantially square hole,
elliptical hole or the like. |

[0026] One preferred embodiment of the contact pad 26 is shown in Fig. 4. The contact pad
26 can have the general form of a "doughnut" forming a hole 60 therein. The contact pad 26
can also be provided with other shapes so long as a portion of the contact pad 26 is
positioned adjacent to the plated hole 12 to be backdrilled. For example, shown in Fig. 7 is
an alternate embodiment of a contact pad 26a formed as a portion of a ground layer within
the multilayer circuit board 16. The contact pad 26a forms one or more hole 603, i.e., a
clearance hole or antipad, with the plated hole 12 exiending through the clearance the hole
60a. The contact pads 26 and 26a are desirably constructed of an electrically conductive
material. The size of the holes 60 and 60a can vary widely, but are preferably greater than
the first diameter 52, yet less than the diameter 50 so that the contact pads 26 and 26a do
not come into electrical contact with the plated hole 12. In this regard, the contact pads 26
and 26a extend adjacent to the plated hole 12, but do not-contact the plated hole 12.

[0027] Although the contact pads 26 and 26a have been shown and described with regard
to Figs. 4 and 7 as having a doughnut design or rectangular design, it should be understood
that the contact pads 26 and 26a can have any geometric, nongeometric or asymmetrical
shape so long as the contact pads 26 and 26a are electrically insulated from the plaied hole
12 and capable of contacting the cutting device 44 during the back drilling operation.

[0028] As shown in Fig. 2, it should be understood that, in one preferred embodiment, for
every back driling depth a pattern (on a specific layer) is used which is electrically

connected to the second plated hole 30. The second plated hole may also be referred to
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herein as a “common pad”. The common pad 30 is electrically connected to a plurality of
contact pads 26 with each of the contact pads 26 being provided adjacent to a signal layer
20 and a plated hole 12. In other words, in a preferred embodiment the feedback layer 22
forms a predetermined pattern having a plurality (two or more) of contact pads 26 with each
of the contact pads 26 being electrically connected to the common pad 30 via a pattern of
conductors 72. In one preferred embodiment, the feedback layer 22 is not contacted or
" connected fo any of the signals or signal layers in the printed circuit board 16. It should be
understood that the feedback layer 22 is not limited to being implemented as a separate
network as shown in Fig. 2. In this regard, the feedback layer 22 can be formed by any
conductive layer within the multilayer printed circuit board 16 capable of providing an
electrical signal to the contact pads 26 or 26a, such as a signal layer, a power layer or a
ground plane layer.

[0029] The measurement unit 48 is electrically connected to the common pad 30 for
{ransmitting electrical feedback to the servo control unit 46 when the cutting device 44
contacts any one of the contact pads 26 or 26a.

[0030] Although the closed loop backdrilling system 10, and in particular, the multilayer
circuit board 16 has been described herein as having only one feedback layer 22, it should
be understood that any number of feedback layers 22 can be used within the multilayer
circuit board 16. For example, the multilayer circuit board 16 can include 2 or more
feédback layers 22.

[0031] The spacing between the contact pads 26 or 26a and the signal layer 20 can vary
widely depending on the size and the shape of the cutting device 44 used during the back
drilling operation as well as the amount of the stub portion 18 that is desired o be removed.
The spacing should be as closed to the signal layer 20 as possible but far enough away so
that the spindle unit 42 of the boring device 40 can be stopped. For example, the spacing
between the contact pads 26 or 26a and the signal layer 20 has been found to be suitable
between about .004 inches and 1001 inches.

[0032] To remove the stub portion 18, the measurement unit 48 is connected to the
feedback layer 22, such as by connecting the measurement unit 48 to the common pad or
second plated hole 30. The spindle unit 42 is then actuated and the servo control unit 46
causes the spindle unit 42 to move the cutting device 44 toward and into the multilayer
circuit board 16. The cutting device 44 is moved into the multilayer circuit board 16 until
electrical feedback is received from the feedback layer 22 indicating that a certain depth has
been reached. Depending upon the application of the closed loop backdrilling system 10,

the servo control unit 46 either 1) causes the spindle unit 42 to retract the cutting device 44,
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or 2) causes the spindie unit 42 to move the cutting device 44 a predetermined distance past
the feedback layer 22 before the spindle unit 42 retracts the cutting device 44.

[0033] The process set forth above can then be repeated for each and every plated hole 12
to be backdrilled. The hole(s) formed by the cutting device 44 is/are then filled with an
epoxy, or other filler material.

[0034] The closed loop back drilling system 10 can also be provided with a reporting system
80 for permitting usage of the closed loop back drilling system 10 to be monitored. The
reporting system 80 receives input from a portion of the boring device 40, such as the servo-
control unit 46 or the measurement unit 48 to count the number of backdrilled holes in real-
time and then provides a report or an invoice periodically (daily, monthly, quarterly, etc.)
showing the number of holes backdrilled on which a license fee is due. The report or invoice
can be transmitted electronically to a user of the closed loop backdrilling system 10, or a
designated collection entity.

[0035] The making and using of multilayer circuit boards is well known in the art. Thus, a
description of the particular materials, adhesives and other factors utilized in the making of
multilayer circuit boards has not been discussed in detail herein. However, examples of the
various constructions and fabrication methods for attaching and forming each layer of a
multilayer circuit board are disclosed in U.S. Patent No. 5,677,515, the contents of Column
1, Line 8 through Line 55, Column 2, Line 32 through Column 3, Line 7, and .the drawings
referenced therein aré hereby incorporated herein by reference.

[0036] Showri in Figs. 5 and 6 is an alternate embodiment of a multilayer circuit board 100
constructed in accordance with the present invention. The multilayer circuit board 100 is
constructed similarly to the multilayer circuit board 16 described above, except that the
multilayer circuit board 100 is provided with a plated hole 102 having a stepped
configuration. As will be discussed in more detail below, the stepped configuration of the
plated hole 102 permits denser connections than the straight-sided plated hole 12.
[0037]*The plated hole 102 is provided with a first portion 104 and a seéond portion 106.
The first portion 104 and the second portion 106 are separated by a lateral protrusion 108.
The second portion 106 has a cross-sectional area less than the cross-sectional area of the
first portion 104.

[0038] The plated hole 102 can be formed in any suitable manner. For example, the plated
hole 102 can be formed in one drilling operation with the use of a stepped drill bit and then
subsequently plated. Alternatively, the plated hole 102 can be formed in multiple drilling
operations with the use of two cutting devices or drill bits having different diameters and then

subsequently plated.
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[0039] The multilayer circuit board 100 includes one or more signal layer 120, one or more
feedback layer 122, and one or more dielectric layer 124. The feedback layer 122 has a
contact pad 126. The dielectric layer 124 is positioned between the signal layer 120 and the
feedback layer 122. The plated hole 102 is connecied to the signal layer 120, and
positioned adjacent to the contact pad 126. The contact pad 126 is electrically isolated from
the plated hole 102 by the dielectric layer 124. In general, the second portion 106 of the
plated hole 102 forms the stub portion, which extends a distance away from the signal layer
120 and also extends a distance away from the contact pad 126 of the feedback layer 122.
[0040] The plated hole 102 of the multilayer circuit board 100 is then backdrilled to remove
the stub portion in a similar manner as described above, with the exception that the diameter
of the cutting device used in the backdrilling operation can be the same as or even a smaller
diameter than the diameter of the first portion 104 of the plated hole102. This permits a
denser population of holes because the diameter of the plated hole 102 is not increased
during the backdrilling operation.

[0041] The concept of embedding a contact pad within a multi-layer circuit board can be
used in accordance with the present invention for at least two other purposes, i.e., depth
routing and guide routing.

[0042] Depth routing can be used to determine the final level of a the boring device 40
penetration depth for clearing out areas on the multi-layer circuit board to receive a
component or a connector. In this application, the cuﬁing device 44 of the boring device 40
is moved in the direction of the multilayer circuit board until the tip of the cutting device 44
contacts the contact pad. The penetration of the cutting device 44 is then stopped or moved
a predetermined distance further into the multilayer circuit board. The cutting device 44 is
then translated laterally (x and/or y axis) a predetermined amount to clear out the area for
the component or the connector.

[0043] Guide routing can be used to guide the lateral translation (x and/or y axis) of the
boring device. That is, once the cutiing device 44 reaches the contact pad, the penetration
level of the cutiing device 44 is stopped or moved a predetermined distance further into the
multilayer circuit board. The boring device 40 begins to move the multilayer circuit board or
the cutting device 44 laterally and continues to move laterally while the cutting device 44 is
in contact with the contact pad. When the cutting device 44 loses contact with the contact
pad; the boring device 40 retracts or stops.

[0044] Shown inFig. 8 is an alternate embodiment of a closed loop backdrilling system
constructed in accordance with the present invention. The closed loop backdrilling system

200 is used for depth drilling the already plated hole 12 formed in the workpiece 14 using
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electrical feedback from the workpiece 14 when a cerfain or predetermined depth is
reached. The feedback during the drilling process makes it possible to yield much higher
accuracy independent of the depth of a particular layer within the workpiece 14. As
discussed above, in one preferred embodiment, the workpiece 14 is a multilayer printed
circuit board 16. Although the workpiece 14 will be described herein as the multilayer circuit
board 186, it should be understood that the workpiece 14 can be any apparatus, or device
where it is deéiréblé to drill to a ce&ain or predetermined depth within the apparatus or
device. A

[0045] The multilayer circuit board 16 is provided with at least one or more signal layer 20,
at least one or more feedback layer 22, and at least one or more dielectric layer 24. The
signal layer 20 is connected to the plated hole 12. The feedback layer 22 has a contact pad
202, which is similar in construction and function as the contact pads 26 or 26a discussed
above, except that the contact pad 202 is connected to the plated hole 12 to permit electrical
communication therebetween. The dielectric layer 24 is positioned between the signal layer
20 and the contact pad 202 of the feedback layer 22 so as to electrically isolate the contact
pad 202 from the signal layer 20. As will be discussed in more detail below, the contact pad
202 is contacted during the manufacturing process of the multilayer circuit board 16 to break
the electrical connection between the plated hole 12 and the contact pad 202.

[0046] The closed loop backdrilling system 200 is provided with the boring device 40. The
boring device 40 is provided. with the spindle unit 42 supporting the cutting device 44, and
the servo control unit 46 for the Z-axis motor control.

[0047] The closed loop backdrilling system 200 is also provided with a measurement unit
204. The measurement unit 204 communicates with a) the plated hole 12 and b) the
feedback layer 22 for determining loss of electrical communication between the plated hole
12 and the feedback layer 22. As shown in Fig. 8, the measurement unit 204 is provided in
circuit with a resistor R and a power supply P. The measurement unit 204 can, for example,
be an ammeter for measﬁring either AC or DC electrical current.

[0048] In use, the spindle unit 42 of the boring device 40 is operated to move the cutting
device 44 a predetermined amount in a direction toward or into the plated hole12. The
_ spindle unit 42 is then operated to retract the cutting device 44 a predetermined amount in a
direction away from the plated hole 12 so that the conductivity of the cutting device 44 will
not interfere with the reading of the measurement unit 204. The servo control unit 46 then
monitors the measurement unit 204 to determine whether the feedback layer 22 is still
connected to the plated hole 12. If so, the spindle unit 42 is then operated to move the

cutting device 44 in the direction toward the plated hole 12 to remove more of the stub
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portion 18 of the plated hole 12. The spindle unit 42 is then operated to retract the cutting
device 44 away from the plated hole 12 and the servo control unit 46 again monitors the
measurement unit 204 to determine whether the feedback layer 22 is connected to the
plated hole 12. This process is repeated until the measurement unit 204 determines that the
plated hole 12 has been disconnected from the feedback layer 22.

[0049] Shown inFig. 9 is another alternate embodiment of a closed loop backdrilling system
constructed in accordance/ with the present invention. The closed loop backdrilling system
300 is used for depth drilling the already plated hole 12 formed in the workpiece 14 using
electrical feedback from the workpiece 14 when a certain or predetermined depth is
reached. The feedback during the drilling process makes it possible to yield much higher
accuracy independent of the depth of a particular layer within the workpiece 14. As
discussed above, in one preferred embodiment, the workpiece 14 is the multilayer printed
circuit board 16. Although the workpiece 14 will be described herein as the multilayer circuit
board 186, it should be understood that the workpiece 14 can be any apparatus, or device
where it is desirable to drill to a certain or predetermined depth within the apparatus or
device.

[0050] The multilayer circuit board 16 is provided with at least one or more signal layer 20,
and at least one or more dielectric layer 24. The signal layer 20 is connected to the plated
hole 12. A .

[0051] The closed loop backdrilling system 300 is provided with the boring device 40. The
boring device 40 is provided with the spindle unit 42 supporting the cutting device 44, and
the servo control unit 46 for the Z-axis motor control.

[0052] The closed loop backdrilling system 300 is also provided with a signal generator and
measurement unit 304. The signal generator and measurement unit 304 communicates with
a) the plated hole 12 and b) the signal layer 20 for providing a signal to the plated hole 12
and then determining the reflection or interference of the signal caused by the stub portion
18. The signal generator and measurement unit 304 can determine any appropriate
physical property indicative of the existence or amount of the stub portion 18, such as the
signal to noise ratio. |

[0053] In use, the spindle unit 42 of the boring device 40 is operated to move the cutting
device 44 a predetermined amount in a direction toward or into the plated hole12. The
spindle unit 42 is then operated to retract the cutting device 44 a predetermined amount
away from the plated hole 12 so that the conductivity of the cutting device 44 will not
interfere with the reading of the signal generator and measurement unit 304. The servo

control unit 46 then monitors the signal generator and measurement unit 304 to determine
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the relatedness between the physical property being measured and a predetermined
amount. For example, when the .signal to noise ratio is being monitored, a determination
can be made (either by the servo control unit 42 or the signal generator and measurement
unit 304) whether the signal to noise ratio is above a predetermined amount indicative of
removal of a sufficient amount of the stub portion 18. If not, the spindle unit 42 is then
operated to move the cutting device 44 a predetermined amount in the direction toward the
plaied hole 12 to remove more of the stu? portion 18 of the plated hole 12. The spindle unit
42 is then operated to retract the cutting device 44 away from the plated hole 12 and the
servo control unit 46 again monitors the signal generator and measurement unit 304 to
determine whether enough of the stub portion 18 has been removed. This process is
repeated until the signals output by the signal generator and measurement unit 304 indicate
that a sufficient amount of the stub portion 18 has been removed.

[0054] The closed backdrilling systems 200 and 300 can be operated either manually or
autorﬁatically. In other words, the measurements made by the measurement unit 204 or the
signal generator and measurement unit 304 can be made manually by an individual, who is
also controlling the servo control unit 204. Alternatively, the measurements made by the
measurement unit 204 or the signal generator and measurement unit 304 can be automated
such that the retractions and advancements of the spindle unit 42 are confrolled by a
software program typically operating in or controlling the servo con‘frol unit 46.

[0055] Changes may be made in the construction and the operation of the various
components, elements and assemblies described herein or in the steps or the sequence of
steps of the methods described herein without departing from the spirit and scope of the

invention as defined in the following claims.
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What is claimed is:
1. A method for backdrilling at least one plated hole formed in a circuit board, the
plated hole connected to a signal trace embedded within the circuit board such that at least
a portion of the plated hole extends beyond the signal trace to form a stub portion, the
method comprising the steps of:
applying a feedback signal to a contact pad embedded within the circuit board, the
contact pad positioned adjacent to the stub portion of the plated hole, the
contact pad being electrically insulated from the stub portion; and
boring into the plated hole of the circuit board to remove plating from the stub portion
of the plated hole and to remove insulating material adjacent to the plated
hole; and |
receiving feedback from the feedback signal when the hole being bored into the

workpiece reaches the contact pad.

2. The method of claim 1, wherein the step of boring is defined further as the steps of
moving a cutting device into the plated hole to remove a portion of the plated hole, stopping
the movement of the cutting device and restarting the movement of the cutting device into
the plated hole to remove more of the plated hole, and wherein the step of receiving
feedback is defined further as receiving feedback responsive to the cutting device reaching

the contact pad.

3. The method of claim 1, wherein the contact pad is a portion of a ground layer.

4, The method of claim 1, wherein the contact pad is a portion of a péwer layer.

5. The method of claim 1; wherein the contact pad is a part of a feedback layer formed
as a separate network. <

6. The method of claim 1, wherein the contact pad is a portion of a signal layer.

7. The method of claim 1 wherein the circuit board is provided with a second plated

hole which is electrically connected to the contact pad.

8. The method of claim 1, further comprising the step of filiing at least a portion of the

hole with a non-conductive filler material.
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9. The method of claim 1, wherein the contact pad substantially surrounds the plated
hole.

10. The method of claim 1, wherein the plated hole is provided with at least a first portion
and a second portion, and wherein the second portion has a cross-sectional area less than

the cross-sectional area of the first portion.

11. A workpiece having a stub portion removed from a plated hole wherein the amount of
the stub portion removed is determined from electrical feedback received from within the
workpiece, the workpiece produced by a method comprising the steps of:
providing the workpiece with a feedback layer;
boring a hole into the workpiece with a boring device to remove at least a portion of a
plated hole until the boring device engages the feedback layer; and
receiving an electrical feedback signal from the boring device indicating engagement
with the feedback layer.

12. The workpiece of claim 11, wherein the step of boring is defined further as the steps
of moving the a cutting device of the boring device into the plated hole to remove a portion of
the plated hole, stopping the movement of the cutting device and restarting the movement of
the cutting device into the plated hole to remove more of the plated Eole; and wherein the
. step of receiving feedback is defined further as receiving feedback responsive to the cutting

device engaging the feedback layer.
13.  The workpiece of claim 11, wherein the feedback layer is a ground layer.

14. The workpiece of claim 11, wherein the feedback layer is a power layer.

~

15. The workpiece of claim 11, wherein the feedback layer is a signal layer.
16.  The workpiece of claim 11, wherein the feedback layer is a separate network.

17. A multilayer printed circuit board produced by a method comprising the steps of:
providing a multilayer printed circuit board comprising;
a plated hole connected to an embedded signal layer such that a stub portion

of the plated hole extends from the embedded signal layer toward the
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exterior of the multilayer printed circuit board, a contact pad positioned
adjacent to the stub portion of the plated hole, and at least one
dielectric material for electrically isolating the contact pad from the
signal layer and the stub portion of the plated hole;
removing a portion of the plating from the stub portion of the plated hole by boring a
portion of the plated hole with a cutting device until a transition of a physical
property is detected indicative of contact between the cutting device and the
contact pad; and

filling at least the stub portion of the plated hole with a non-conductive filler material.

18. The method of claim 17, wherein the step of boring is defined further as the steps of
moving a cutting device into the plated hole to remove a portion of the plated hole, stopping
the movement of the cutting device and restarting the movement of the cutting device into
the plated hole to remove more of the plated hole, and wherein the step of receiving
feedback is defined further as receiving feedback responsive to the cutting device reaching

the contact pad.
19. The method of claim 17, wherein the contact pad is a portion of a ground layer.
20. The method of claim 17, wherein the contabt pad is a portion of a power layer.

21. The method of claim 17, wherein the contact pad is a part of a feedback layer formed

as a separate network.
22. The method of claim 17, wherein the contact pad is a portion of a power layer.

23. The method of claim 17, wherein the circuit board is provided with a second plated

hole which is electrically connected to the contact pad.

24.  The method of claim 17, further comprising the step of filling at least a portion of the

hole with a non-conductive filler material.

25.  The method of claim 17, wherein the contact pad substantially surrounds-the plated

hole.
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26. The method of claim 17, wherein the plated hole is provided with at least a first
portion and a second portion, and wherein the second portion has a cross-sectional area

less than the cross-sectional area of the first portion.

27. A multilayer circuit board, comprising:

a signal layer;

a feedback layer having a contact pad;

a dielectric layer positioned between the signal layer and the feedback layer; and

a plated hole connected to the signal layer, and positioned adjacent to the contact
pad, the contact pad being electrically iéolated from the plated hole, a portion
of the plated hole forming a stub portion, which extends a distance away from
the signal layer and extends a distance away from the contact pad of the

feedback layer.
28. The workpiece of claim 27, wherein the feedback layer is a ground layer.
29. The workpiece of claim 27, wherein the feedback layer is a power layer.
30. The workpiece of .claim 27, wherein the fegdback layeris a power layer.
31. The workpiece of claim 27, wherein the feedback layer is a separate network.

32. The multilayer circuit board of claim 27, further comprising a second plated hole

which is electrically connected to the contact pad.

33. The multilayer circuit board of claim 27, further comprising the step of filling at least a

portion of the backdrilied hole with a non-conductive filler material.

34. The muliilayer circuit board of claim 27, wherein the contact pad substantially

surrounds the plated hole.

35. The multilayer circuit board of claim 27, wherein the plated hole is provided with a
first portion and a second portion, and wherein the second portion has a cross-sectional

area less than the cross-sectional area of the first portion.
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36. A method for removing an area of a circuit board, the method comprising the steps
of:
applying a feedback signal to a contact pad embedded within the circuit board;
boring into the circuit board with a cutting device adjacent to the contact pad until the
cutting device contacts the contact pad; and

translating the cutting device to remove the area of the circuit board.

37. A method for removing an area 6f a circuit board, the method comprising the steps
of:
applying a feedback signal to a contact pad embedded within the circuit board;
boring into the circuit board with a cutting device adjacent to the contact pad until the
cutting device contacts the contact pad; and
translating the cutting device to remove the area of the circuit board until the cutting

device loses contact with the contact pad.

38. A method for backdrilling a stub portion of a plated hole in a multilayer circuit board,
comprising the steps of:
moving a cutting device in a direction toward the plated hole such that the cutting
device removes a portion of the plating adjacent the stub portion and
disconneéts a feedback layer from the plated hole; and '

determining whether the feedback layer is disconnected from the plated hole.

39.  The method of claim 38, further comprising the step of retracting the cutting device
away from the plated hole so that the conductivity of the cutting device will not interfere with

the determination of whether the feedback layer is disconnected from the plated hole.

40. A method for backdrilling a stub portion of a plated hole in a multifayer circuit board,
comprising the steps of:
moving a cutting device in a direction toward the plated hole such that the cutting
device removes a portion of the plating adjacent the stub portion; and
passing a signal into the plated hole and measuring a physical property of the signal

to determine an amount of remaining stub portion of the plated hole.

41. A closed loop backdrilling system, comprising:

a circuit board having signal layer and a feedback layer connected to a plated hole;
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a boring device comprising:

a measurement unit connected to the plated hole and the feedback layer to output a
signal indicative of electrical disconnection between the plated hole and the
feedback layer; »

a spindle unit supporting a cutting device; and

a servo control unit controlling the spindle unit based on the signal output by the
measurement unit. |

42.  Aclosed loop backdrilling system, comprising: |

a circuit board having a signal layer connected to a plated hole; and

a boring device comprising:

a signal generator and measurement unit connected to the plated hole and
the signal layer to provide a signal thereto and to measure a physical
property of the signal to determine an amount of remaining stub
portion of the plated hole;

a spindle unit supporting a cutting device; and

a servo control unit controlling the spindle unit based on the measurements

made by the signal generator and measurement unit.
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