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CIRCUIT TRACE PROBE AND METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 This invention relates generally to fabricating elec 
trical components and more specifically relates to the testing 
of circuits on a printed circuit board. 
0003 2. Background Art 
0004 Electronic devices have become a vital part of 
everyday life in this country and throughout the world. Most 
electronic devices contain large numbers of digital elec 
tronic components and analog circuit components that work 
together to perform various logical operations. The various 
individual components in many electronic devices are typi 
cally linked into circuits on layered printed circuit boards 
(PCBs). These commonplace electrical circuits control 
everything from computers to cars to garage door openers to 
Satellites. AS new devices are developed, the capabilities of 
the resulting electronic circuits and components provide 
increased functionality, usually at a lower cost. 
0005. As with any industry, electronic and electrical 
products are tested prior to introduction into the market 
place. Typically, most electronic and electrical products are 
tested at least twice, once during the product design phase 
(for feasibility) and again during the production phase (for 
quality control). Obviously, the testing and process used to 
test the electrical circuits and the printed circuit boards is not 
error-free. Ideally, once a product has been tested for fea 
Sibility and is being produced, product testing of the elec 
trical circuits and the PCBs should be very straightforward. 
Unfortunately, while the theory of product testing is Sound, 
the actual testing of circuit and PCBs is often subject to real 
World constraints that may hinder accurate and complete 
testing results. 
0006 For instance, the gap between the ideal of complete 
testing and the reality of partial testing of a circuit or PCB 
is due, in part, to the fact that the primary goal of circuit and 
board design is finctionality. While it may be desirable to 
add multiple test points on a PCB to facilitate production 
testing, it will not always be possible to do so. The inclusion 
of a traditional test point requires that the PCB contain an 
electrical contact point on the board that may be accessed by 
an external test apparatus. Each electrical contact point 
occupies precious Space and may impede board functional 
ity. Thus, testability may be lost in a tradeoff with function 
ality. 
0007. In addition, the product design engineers respon 
sible for designing the circuits and PCBs are typically not 
the individuals responsible for testing the circuits and PCBs. 
The design engineers may not place a high emphasis on 
production testability and, therefore, may not incorporate 
sufficient test points. The addition of new test points after 
initial design has been completed may require the design 
engineers to repeat considerable work, thereby increasing 
costs and delaying product introduction. 
0008 Also, once a circuit or PCB design has been 
approved by management, design changes to include addi 
tional desirable test points may, as a practical matter, no 
longer be feasible. Finally, once a PCB has been assembled, 
it is typically coated with a Sealant known as “procoat” 
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which covers almost the entire surface of the PCB, leaving 
only the pre-designated testing contact points exposed. The 
procoat is designed to protect the PCB and to keep dust and 
other contaminants from interfering with the functional 
operations of the PCB. In most typical applications, procoat 
also electrically isolates any Surface traces from exterior 
Surfaces. 

0009. These practical realities are somewhat disconcert 
ing to a production test engineer who is given the respon 
Sibility to ensure quality control for Shipping products. The 
goal of the test engineer is to test the functionality of every 
major circuit or component on a given PCB. In order to 
achieve this goal, the production test engineer may desire to 
create additional test points on a manufactured PCB to allow 
for more thorough testing of the various circuits and com 
ponents on the PCB. However, due to the practical con 
Straints explained above, this is typically very difficult to 
accomplish, if not impossible. 

0010. Therefore, there is a need for improved methods 
which will allow for increased testability of PCBs at the 
manufacturing Stage without impairing board function or 
excessively increasing the cost or complexity of the manu 
facturing process. Without new methods or techniques to 
allow additional test points to be on a given PCB, the 
electronics industry will continue to be limited in the ability 
to improve the reliability of newly designed and manufac 
tured products. 

DISCLOSURE OF THE INVENTION 

0011. According to the preferred embodiments of the 
present invention, a method of creating and accessing addi 
tional test points after circuit board design has been com 
pleted is disclosed. The apparatus and methods of the 
present invention provide test engineers with the ability to 
leave any circuit interconnections located on the exterior 
surfaces of a PCB exposed. These exposed circuit intercon 
nections may be identified as access or test points and the 
apparatus of the present invention is specifically adapted to 
access, probe, and evaluate these access or test points. To 
allow the exposed circuit interconnections to be tested 
without damaging them, the invention includes a new type 
of probe for use in contacting the exposed traces. The 
preferred embodiments of the test probe apparatus of the 
present invention has a relatively flat head to reduce preSSure 
on the circuit interconnections and is coated with dendrites 
to enhance electrical connectivity between the circuit inter 
connections and the probe. By using both the apparatus and 
the methods of the present invention, additional test points 
may be created on the Surface of a PCB after circuit and 
board design has been completed. 
0012. The foregoing and other advantages and features of 
the invention will be apparent from the following particular 
description of a preferred embodiment of the invention as 
illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a perspective view of a multi-layered 
circuit board; 
0014 FIG. 2 is a flow diagram of a method according to 
a preferred embodiment of the present invention; and 
0015 FIG. 3 is a cross-sectional view of a circuit probe 
according to a preferred embodiment of the invention. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

0016. According to the preferred embodiments of the 
present invention, a novel method of creating and accessing 
additional test points after circuit board design has been 
completed is disclosed. The apparatus and methods of the 
present invention provide test engineers with the ability to 
expose any circuit interconnections located on the exterior 
surfaces of a PCB. These exposed circuit interconnections 
may be identified as test points and the apparatus of the 
present invention is specifically adapted to access, probe, 
and evaluate these test points. The overview section below 
presents many basic concepts that will help to understand 
the invention. Those who are thoroughly versed in PCB 
design and testing may wish to proceed directly to the 
detailed description Section. 

1. Overview 

0.017. To best understand the present invention, certain 
principles of chip and board design need to be appreciated. 
A microchip is constructed primarily of a Semi-conducting 
material, typically Silicon. Various electronic devices, Such 
as transistors, capacitors, resistors, etc. are fabricated on a 
chip. These devices are electrically connected by conducting 
paths routed within the chip. The configuration and inter 
connections between the various devices allows the chip to 
perform logical functions based upon the input it receives. If 
the circuits on a chip contain a flaw, an incorrect logic 
finction may result. 

0.018 Digital electronics and other devices, including 
analog devices, are mounted on printed circuit boards which 
are designed to be placed inside an electrical or electronic 
device or product. Similar to the interconnections between 
devices located within a chip, the various components 
mounted on a printed circuit board are connected by elec 
trical pathways, typically metal interconnections known as 
“traces.” The design and the configuration of the intercon 
nections between the components on the printed circuit 
board determines the board's function. As within the indi 
vidual components, if the traces between the components are 
flawed, an incorrect logic function for the PCB as a whole 
may result. 

0.019 Most printed circuit boards typically contain mul 
tiple inter-connected layers. Thus, an entire circuit or "net' 
may be located entirely on the interior layers of a board. AS 
a practical matter, the nets of the board almost always extend 
to an exterior layer. The exterior layers of a board are 
covered by a non-conducting protective coating referred to 
as a “procoat.” 

0020. In addition to the inputs and outputs required for 
board function, a typical PCB also includes a predetermined 
number of test points to allow the functionality of the PCB 
to be verified during production. These test points are used 
in in-circuit testing and can be critical for quality control of 
the final product. In-circuit testing consists of using an 
electrical Signal to determine whether a circuit on the board 
is open or closed, and to determine if analog and digital 
parameters are within Specified limits. In this way, defects in 
board fabrication may be identified. A test point consists of 
a contact point on the exterior of the board that is electrically 
connected to the portion of the circuit to be tested. 
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0021 Another type of testing is “function testing.” In 
function testing, the printed circuit board is connected to a 
power Supply and powered up to test the operability of the 
printed circuit board and to Verify that it functions properly. 
If the board fails to function properly, the reason for the 
failure may very difficult to find due to the inherently limited 
diagnostic capability of a functional test. In addition, given 
the practical testing limitations outlined above, ascertaining 
the reason for board failure may be impossible, and is almost 
always time consuming and expensive. The most economi 
cal way to identify errors in circuit boards is through 
in-circuit testing of the individual components and nets on 
the printed circuit board. However, as explained above, 
in-circuit testing requires Sufficient test points to perform 
thorough testing and is Subject to various real-life con 
Straints that may or may not facilitate effective testing of the 
printed circuit board's functionality. 

2. Detailed Description 
Creating Test Points 

0022. The present invention overcomes the obstacle of 
having too few traditional test points on a designed board by 
establishing openings or access points in the procoat to 
allow circuit traces or points on the circuit traces to be used 
as new, additional test points for testing PCBs. In addition, 
the present invention teaches the use of a specially designed 
test probe to contact the new test points. The invention may 
be used after the finctional design of a circuit board has been 
completed but before large Scale fabrication has begun and 
may also be used for reliability testing and/or troubleshoot 
ing of finished printed circuit boards. 
0023 Referring now to FIG.2, a method 200 for creating 
new test points is explained. First, the test engineer identifies 
or determines which circuits or nets on a PCB are untestable 
using the traditional testing procedures and test points which 
were established during the design phase for the PCB (step 
210). The engineer will also note which components on the 
PCB are affected. This step is typically accomplished using 
Standard, commonly available circuit visualization and test 
ing software, well-known to those skilled in the art. Next, 
the test engineer visualizes the PCB’s structure to determine 
whether the untestable or affected nets, circuits, or compo 
nents have traces or interconnections located on an exterior 
surface or portion of the board (step 220). To accomplish this 
Step, the test engineer will use commercially available 
computer equipment to view the trace layout on a computer 
display terminal. The exact techniques used will depend 
upon the type of data available, usually either the raw card 
fabrication files (known to those skilled in the art as “ger 
ber”) or the original PCB design file. 
0024. Once the surface traces for the circuit, net, or 
component of interest have been identified, the test engineer 
can determine a location or locations on the exterior Surface 
of the PCB suitable to create a new test point for testing 
purposes (step 230). This will typically involve selecting a 
point on the Surficial circuit traces and identifying it as a new 
test point which can be used with the test probe of the 
present invention. This determination is made based upon 
the accessibility of the trace, the Suitability of using the 
trace, the proximity of the trace to other traces, chips, 
resistors, other board components, etc. 
0025. After the locations of the new test points have been 
determined, the surface of the PCB is selectively masked 
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using Standard masking procedures to protect the new test 
points from the Subsequent deposition of procoat. This 
allows the desired portions of the surface of the PCB to be 
protected and the procoat is Selectively deposited, leaving 
the area of the identified trace accessible for Subsequent 
testing via a test probe (step 240). Once the surface of the 
PCB has been selectively coated, the test equipment can be 
configured to test or probe the new test points. 

0026. Wherever possible, it is desirable to identify mul 
tiple traces and multiple points on a trace that may be 
suitable for new test points. More possible test points will 
give the engineer a greater possibility of Successfully prob 
ing the desired circuit, net, or component. For example, if a 
desired new test point is located too close to other circuit, 
devices, or traces, the test probe may inadvertently contact 
other devices or traces located in the proximity of the new 
test point instead of only contacting the new test point on the 
trace to be probed. The result could be an electrical short or 
an inaccurate test result due to undesired input from another 
Signal. Thus, the test engineer must judiciously Select test 
points that are Sufficiently distant from other circuit com 
ponents and traces to assure that only the desired trace or 
new test point will be contacted and probed. 

0.027 Referring now to FIG. 1, a typical circuit board 
100 is depicted. By reference to printed circuit board 100, 
the Selection process for new test points can be further 
explained. As shown in FIG. 1, printed circuit board 100 
contains multiple interconnected layers 110, 120,130. While 
board 100 is depicted as a PCB containing three layers in 
FIG. 1, the number of layers in a PCB is not material to the 
practice of the invention. Layers 110, 120, 130 of the board 
100 contain devices 141-148. Devices 141-148 are electri 
cally connected by traces 151-158. The traces 151-158 are 
typically thin lines of deposited conductive material, usually 
copper. 

0028. In FIG. 1, locations 161 and 162 have both been 
identified as possible new access or test points to test the 
functionality of a component, circuit, or net located on board 
100. Having identified locations 161 and 162 as additional 
test points, the Subsequent board fabrication process is 
modified So that the procoat is not deposited over those 
points when it is deposited over the rest of the board 100. 
This Selective deposition of procoat is accomplished using 
any Suitable Standard masking procedure known to those 
skilled in the art. Thus, printed circuit boards fabricated 
according to the preferred embodiments of the present 
invention contain openings in the procoat So that underlying 
circuit traces 151, 158 may be contacted. An external test 
fixture or apparatus is then configured So that new test points 
161, 162 may be contacted and tested. 

0029. The most preferred embodiments of the present 
invention provides a method for creating additional, new 
access or test points on a circuit board after the design of the 
board is completed. The methods of the present invention 
locate otherwise untestable nets or circuits, determines 
whether those nets contain Surficial or exterior traces, iden 
tifies an access point or location on the identified traces for 
testing via a probe, and provides for Selective deposition of 
procoat on the surface of the PCB, thereby creating an 
opening in the procoat through which the new test points on 
the traces may be probed. This process, in effect, creates new 
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test points for post-production testing of circuit, nets, or 
components on a PCB that would otherwise have been 
untestable. 

0030 The process of the invention is advantageous in 
that it does not require the previous layout of the devices on 
a circuit board to be changed. The only change in the 
Standard fabrication process required by the invention is that 
openings must be left in the procoat in the appropriate 
locations for testing. This change is relatively minor com 
pared to the expense, difficulty, and Some times impossibil 
ity, of adding additional traditional test points, especially 
late in the design process. By using the invention in con 
junction with the traditional method of providing test points 
during the circuit and PCB design Stage, 100% test coverage 
for all components of a PCB may often be obtained. 

Probing Test Points 

0031 Having established a method to expose circuit 
traces to be used as test points, those test points must be 
contacted with a probe for testing. While there are a number 
of commercially available test probes, these existing probes 
are generally not well Suited for use in the present invention. 
A conventional test probe employs approximately four to 
eight ounces of Spring force. While the rating of the Spring 
provides Some nominal value for comparing relative Spring 
Strength, the Shape of the probe head determines how much 
preSSure is actually applied to a given test point. For 
instance, a flat probe head distributes the four to eight 
ounces of spring force over a greater area than a pointed 
probe head, resulting in leSS preSSure being applied to a 
given test than would be applied with a Spring in a test probe 
with a pointed head. 
0032 Referring now to FIG. 3, a probe 300 in accor 
dance with the preferred embodiments of the present 
includes: a plunger 305; an outer barrel 310; a head 315; and 
a spring 320. Plunger 305 extends through outer barrel 310. 
One end of plunger 305 extends beyond outer barrel 310 and 
terminates in head 315. Head 315 is the portion of probe 300 
which is used to contact the desired test points. As head 315 
contacts a test point, Spring 320 biases plunger 305, causing 
head 315 to apply pressure to the test point. The pressure 
applied by head 315 to the test point depends both upon the 
inherent Spring force of Spring 320 and the physical geom 
etry of head 315. Head 315 should be constructed so as to 
provide adequate Surface area for contacting the trace but 
should not be so large that it would be cumbersome in 
typical testing situations. Although test probe 300 is shown 
in isolation, it should be understood that test probe 300 is 
typically a component part of a complete testing apparatus 
or test fixture which can be adjusted and adapted to test and 
probe many different configurations of printed circuit 
boards. The use of a testing apparatus or fixture is well 
known to those skilled in the art. 

0033. The best mode for carrying out the most preferred 
embodiments of the present invention utilizes a test probe 
300 with a spring force of less than four ounces (approxi 
mately 113.4 grams). The reduced spring force is desirable 
because the traces to be contacted are extremely thin and 
easily damaged by the application of excessive force. Even 
a flat probe head used with the Spring force of a typical probe 
poses a threat to the Structural integrity of the traces iden 
tified for testing. For this reason, probe 300 will impart a 
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Spring force of less than four ounces, which is significantly 
less than most known test probes used in PCB testing. 
Several reduced Spring force probes have become commer 
cially available and it is anticipated that these test probes 
may be adapted as described below for use in the preferred 
embodiments of the present invention. 
0034. The best mode of carrying out the invention uses a 

flat probe head 315. The use of flat probe head 315 further 
reduces the preSSure applied to a trace and makes a relatively 
large area available to contact the test point. Because of the 
relatively large area available to contact the test point, the 
probe may be Somewhat misaligned but still adequately 
contact the test point. The use of a flat probe head 315 also 
provides other advantages that will become apparent below. 
0.035 While using a probe with a low spring force 
reduces the risk of fragmenting the traces, the low Spring 
forces can fail to penetrate the contaminates Sometimes 
present on the Surface of a board. The contaminates present 
on the Surface of the board may be fingerprints, airborne dust 
or dirt particles, or other residue. In order to establish a 
reliable electrical connection and perform the desired testing 
procedures, any contaminate present on the circuit trace 
must be penetrated by the probe. 
0036) To assist in penetrating any possible contaminates 
without damaging the trace(s), dendrites 325 are applied to 
the probe head 315. Dendrites 325 consist of a series of 
miniature Solder "spikes' or Similar protrusions. These 
Spikes penetrate contaminates present on a board, even with 
the lower Spring forces used in the present invention. The 
use of a flat probe head 315 facilitates the application of 
dendrites 315. U.S. Pat. No. 5,137,461 describes the basic 
formation and deposition of dendrites and this process may 
be used in conjunction with the preferred embodiments of 
the present invention. In addition, any other method known 
to those skilled in the art may also be used to deposit or form 
dendritic protrusions on the slat surface of probe head 315. 
0037. In most cases, PCB testing typically involves a 
“test fixture' or test apparatus containing a probe or Series of 
probes which can be positioned or configured to contact the 
desired test points of the board to be tested. In accordance 
with the present invention, the test fixture is designed So that 
the probe heads of the low Spring force probes can contact 
the exposed circuit traces at the new test points. This allows 
the present invention to be adapted for use with existing 
testing equipment currently available in the industry. 

0.038 While the invention has been particularly shown 
and described with reference to Several exemplary embodi 
ments, those skilled in the art will recognize that other 
variations on the invention are possible. 

1. A method comprising the Steps of: 

analyzing a printed circuit board design to identify at least 
one untestable circuit on the printed circuit board; 

identifying at least one access point on a Surface of the 
printed circuit board that provides access to the at least 
one untestable circuit on the board; and 

creating at least one new test point by Selectively depos 
iting procoat on the Surface of the printed circuit board 
Such that no procoat is deposited over the identified at 
least one access point. 
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2. The method of claim 1 further comprising the step of 
providing a test fixture adapted to contact the at least one 
new test point. 

3. The method of claim 1 wherein the at least one new test 
point is a point on a circuit trace. 

4. The method of claim 1 wherein the location of the at 
least one test point is Selected based on its proximity to other 
circuit components. 

5. The method of claim 1 wherein the step of analyzing 
the printed circuit board design to identify at least one 
untestable circuit on the board comprises the Step of using a 
gerber tool to analyze the printed circuit board. 

6. The method of claim 1 further comprising the step of 
contacting the at least one new test point using a Spring 
loaded test probe, the test probe having a Substantially planar 
probe head and a Spring force less than four ounces. 

7. The method of claim 6 wherein the step of contacting 
the at least one new test point comprises the Step of 
contacting the at least one new test point with a Substantially 
planar probe head coated with a plurality of dendritic 
particles. 

8. A method for testing circuits, the method comprising 
the Steps of: 

analyzing a printed circuit board design to identify at least 
one circuit on the board as an untestable circuit; 

identifying at least one location on the Surface of the 
printed circuit board Suitable for providing an access 
point to the at least one untestable circuit; 

providing a printed circuit board constructed according to 
the printed circuit board design, the printed circuit 
board having a Surface; and 

creating at least one new test point on the Surface of the 
printed circuit board by Selectively masking the Surface 
of the printed circuit board to prevent the at least one 
location from being covered by procoat. 

9. The method of claim 8 wherein the step of analyzing 
the printed circuit board to identify at least one circuit on the 
board as an untestable circuit comprises the Step of using 
Visualization Software to analyze the printed circuit board. 

10. The method of claim 8 further comprising the step of 
using a test fixture to contact the at least one new test point. 

11. The method of claim 8 wherein the step of identifying 
at least one location on the Surface of the printed circuit 
board further comprises the Step of using the location of at 
least one circuit component to identify the at least one 
location on the Surface of the printed circuit board. 

12. The method of claim 8 wherein the at least one 
additional test point on the Surface of the printed circuit 
board is a point on a circuit trace located on the Surface of 
the circuit board. 

13. The method of claim 8 further comprising the step of 
contacting the at least one new test point using a Spring 
loaded test probe, the test probe having a Substantially planar 
probe head and a Spring force less than four ounces. 

14. The method of claim 13 wherein the step of contacting 
the at least one new test point comprises the Step of 
contacting the at least one new test point with a Substantially 
planar probe head coated with a plurality of dendritic 
particles. 
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15. A method for identifying and probing circuit traces 
comprising: 

providing a printed circuit board design, the printed 
circuit board comprising a plurality of nets and a 
plurality of existing test points Suitable for testing at 
least one of the plurality of nets, 

using a visualization program to locate at least one of the 
plurality of nets that cannot be tested using the plurality 
of existing test points; 

identifying at least one new test point, Suitable for testing 
the at least one of the plurality of nets that cannot be 
tested using the plurality of existing test points; 

providing a printed circuit board constructed according to 
the printed circuit board design; 

Selectively masking the printed circuit board with a pro 
tective covering to cover the at least one new test point, 

coating the printed circuit board with a coating, 
removing the protective covering, and 
adjusting a probe in a test fixture to contact the at least one 
new test point. 

16. A method for creating a testing apparatus, the method 
comprising the Steps of: 
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providing a Spring loaded test probe, the test probe 
comprising: 
a Substantially planar probe head; 
a Spring for biasing the probe head, the Spring having 

a Spring force of no more than four ounces, and 
coating the probe head with dendrites. 

17. A test probe comprising: 
a probe head with a Substantially planar Surface; 
a Spring for biasing the probe head, the Spring having a 

Spring force of no more than four ounces, and 
a plurality of dendritic protrusions on the Substantially 

planar Surface of the probe head. 
18. A spring loaded test probe for use in circuit testing, the 

Spring loaded test probe comprising: 
a probe head to engage at least one of a plurality of test 

points, wherein the probe head is Substantially planar 
and covered with dendrites, and 

a Spring in contact with the probe head, the Spring biasing 
the probe head toward the plurality of test points, the 
Spring having a Spring force of less than four ounces. 

k k k k k 


