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PCT/ US96/ 05749 PRI NTED Cl RCU T BOARD W TH SELECTABLE ROUTI NG
CONFI GURATI ON  FI ELD OF THE | NVENTI ON - The present invention
pertains to the field of printed circuit boards. More particularly, the
present invenigofdsfisat es to reconfiguring the electrical mpewipsognsrae
configuration of a printed circuit board after conpletion of the

manuf act uri ng process. BACKGROUND OF THE | NVENTI ON ' Printed
circuit boards are commonly used in the conputer . industry and in nunerous
ot her areas of technol ogy to inplenent el ectronic circuitry. A printed
circuit board typically consists of one ek nore substrate |ayers made of
a dielectric material, on whi ch eI ect ron| C corrponents ar e nount ed. One or
nor e Iayers of oi’*lhl D CIRGI Y R

betwe&n the substrate Iayers to (’:@NFM@RM‘.‘RP_ or "traces" t hat
I nt erconnect theg el e \- Qnents. The traces may be forrred by

fixing a solid =t eo-ere surface of a substrate Iayer and t hen
etching the The present invention pertains to the field of printed circuit

boards. More particularly, the present invention relates to
reconfiguring the electrical routing configuration of a printed circuit
board after completion of the manufacturing process.
B D OF [TION

Printed circuit boards are commonly used in the computer
industry and in numerous other areas of technology to implement
electronic circuitry. A printed circuit board typically consists of one or
more substrate layers made of a dielectric material, on which
electronic components are mounted. One or more layers of
conductive material, such as copper, are mounted on and between the
substrate layers to form the wiring, or "traces”, that interconnect the
electronic components. The traces may be formed by fixing a solid
metal plane.onto the surface of a substrate layer and then etching the
metal plane according to a pattern. The traces are typically covered by
an insulative protective coating, with the exception of certain portions
which are left exposed for the purpose of providing bonding contacts.

Because there are so0 many potential uses for printed circuit
boards, it has become desirable to provide the capability to mass
produce a printed circuit board which has a single generic routing
configuration, but which later can be tailored to have one of mutiiple
specific configurations. Various solutions have been developed to
accomplish this goal. For example, a "zero-ohm" resistor, or jumper,
can be used to electrically connect two traces on a printed circuit board
to modify the routing configuration. This solution is
disadvantageous, however, because it is not cost effective to purchase

. and maintain an inventory of separate components for this purpose.
. One way to overcome this disadvantage is to use solder instead of a
. zero-ohm resistor to connect two traces and thereby modify the

routing configuration. There are many situations, however, in which
it may be desirable to adjust the routing configuration of a printed



nmetal plane according to a pattern. The traces are typically covered by

an insulative protective coating, with the exception of certain portions
which are |left exposed for the purpose of providing bonding contacts.
Because there are so nmany potential uses for printed circuit boards, it
has becone desyéadsesst 0 provi de the capability to nass pr o@CERESSEAST4Nt ed
circuit board which has a single generic routing configuration, but which
| ater can be tailored to have one of nultiple specific configurations.
Vari ous solutions have been devel oped to acconplish this goal. For
exanple, a "Zero-ohnt resistor, or junper can be used to electrically
connect two traces on a printed circuit b%ard to nodify the routing

configuration. This solution is di sadvant ageous, however, because it is
not “cost ef f ect icireuitdoprd during the post-mannfagturing teshphaseor¥et ot ebar at e

conponents for thi abhié-RtEioned SORHURY thly BéSistibidal its ifiplauaném@e is to
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of a printed  printed Wet@fbdartPRay be desirable is the production of personal
PCT/ US96/ 05749 computer (PC) motherboards. A PC motherboard, which contains the
central processing unit (CPU) of the computer, may also contain a
dedicated power supply for the CPU. The CPU requires a regulated
power supply which will provide a very precise voltage; often a
tolerance of less than 1% is required. However, power supply voltages
tend to vary depending upon load, temperature, noise, and
manufacturing tolerances. Consequently, the "set point" of the
regulated power supply must be carefully adjusted. The "set point” is
the regulated output voltage at a steady load and temperature.
Typically, the output voltage of a power supply is measured during
testing. Power is then removed, and the set point is adjusted
according to the measured output voltage.
One way. to permit the adjustment of the set point is to provide
a feedback circuit comprising a resistor divider network, as illustrated
in Figure 1. Figure 1 is a block diagram of a regulated power supply 1
having a feedback circuit 20 comprising a simple resistor divider
network which is well-known in the prior art. The resistor divider
network consists of a resistor RX having a fixed value and a variable
resistor RY. The value of resistor RY is varied manually to adjust the
output VFB of the divider network to adjust the set point of the power
supply. This solution is disadvantageous, however, because the
resistor RY requires mechanical adjustment, and because its value
may tend to drift once the motherboard is installed and operating in a
PC. :
Therefore, it is desirable to provide for the mass production of a
printed circuit board having a single routing configuration which can
be easily reconfigured to have one of multiple different routing
conﬁguratioﬁs. It is also desirable fo make reconfiguration practical
and convenient even if performed after the manufacturing process



-2 circuit board during the post-manufacturing test phase. Yet both of
t he above-nenti oned sol utions may be inpractical to inplenment once t he
manuf acturi ng process has been conpl et ed. One situation in which

t he post-manufacture configuration of a printed circuit board nay be
desirable is \tkﬁ@%z_;sgguction of personal conmput er (PC) not haighsbéissraeA PC
not her boar d, I ch contains the central processing unit (CPU) of the
conputer, nmay also contain a dedicated power supply for the CPU. The CPU
requires a regul ated power supply which will provide a very precise :
voltage; often a tolerance of less than 1%is required. However, power
supply vol t ages tend to vary dependi ng-8&pon | oad, tenperature, noise, and
manuf acturing tol erances. Consequently, the "set point" of the regul at ed
power.SUplol y NMuas been aombldted. Bl faither ddsimble i providé & means fohe regul at ed
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supply 1  havi fperparates the aforemgntoned featykess sinple resistor .

di vi der network which is well-known in the prior art. The resistor

di vi der net Wor RSOk nNTfONRX having a fixed value and a

vari abl e r esi .. rar g eSS stor RY is varied nanually to

adj ust the output OrBFiBted decvit board hayinga selepigblejrircit YoWingat poi nt of

t he power configuration is described. The printed circuit board comprises a

substrate, a plurality of electrical traces mounted to the substrate for
interconnecting electrical components, and at least one fusible
connector mounted to the substrate. Each of the fusible connectors
comprises a fuse line formed from a conductive layer of the printed
circuit board and forms a fusible connection between at least two of
the electrical traces. The circuit routing configuration is selectable by
application of a predetermined current through at least one of the
fusible connectors to break the fusible connection formed by the
fusible connector. : '

The fusible signal connector comprises a first contact pad
located at an end of a first signal trace on a printed circuit board, a
second contact pad located at an end of a second signal trace on the
printed circuit board, and a fuse line. The fuse line is formed from the
conductive layer of the printed circuit board and is fusibly coupled
between the first contact pad and the second contact pad. The
predetermined current driven through the fuse line causes the fuse
line to fuse open. . ‘

Other features of the present invention will be apparent from
the accompanying drawings and from the detailed description which

. follows below.



supply. This solution is disadvantageous, however, because the rest stor
RY requi res nechani cal adjustnent, and because its val ue may tend to
drift once the notherboard is installed and operating in a PC

Therefore, it is desirable to provide for the mass production of a

printed C|rcu gﬁg having a single routing configuration ypigbososfe D
easily reconfldﬂ o have one of nultiple different routing
configurations. It is also desirable to nmake reconfiguration practi cal

and conveni ent even if performed after the manufacturing process WO
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- 3- has been conpleted. It is further.glesirable to provide a neans for

configuring the trace routing on a printed circuit board such that a

separate i nventw@ Wingcged for that purpose. In
addition, ‘it is desi oVl a |ch has a
set. point that is ad%tﬂﬁ?‘%‘tg‘b dﬁé‘ﬁ“s%ﬂ'ig ggt‘g °f§’é¥$ﬁ{§y¥m

limitation in the figures of the accompanying drawings, in which like
references indicate similar elements and in which:

Figure 1 is a block diagram of a regulated power supply having a
resistor divider network according to the prior art.

Figure 2 is a block diagram of a regulated power supply having a
resistor divider network with fusible connectors.

Figure 3 illustrates a fusible connector acoordmg to one
embodiment of the present invention. :

Figure 4 illustrates a fusible connector implemented on
multiple layers of a printed circuit board.

ET. D DESCRIPTION

A printed circuit board having a selectable circuit routing
configuration is described. In the following description, for purposes
of explanatiox{, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
evident, however, to one skilled in the art that the present invention
may be practiced without these specific details. In other instances,
well-known struttures and devices are shown in block diagram form
in order to avoid unnecessarily obscuring the present invention.

Figure 2 shows a regulated power supply 2. The regulated
power supply 2 consists of a regulator 10 which receives an input
voltage VIN and which generates an output voltage VOUT. The-
oufput voltage is input to a feedback circuit consisting of a resistor
divider network 25. The resistor divider network 25 outputs a
feedback voltage VFB to a comparator 30. The comparator receives the
feedback voltage VFB and a reference voltage VREF and outputs to the



whi ch i ncorporates the aforenentioned features. SUMVARY COF THE | NVENTI ON
A printed circuit board having a selectable circuit routing configuration
is described. The printed circuit board conprises a substrate, a
plurality of electrical traces nounted to the substrate for

i nterconnect inggeleatrical conmponents, and at |east one fusigfysoguspipnect or
nmounted to the Substrate. Each of the fusible connectors conprises a fuse
line formed froma conductive |ayer of the printed circuit board and )
forns a fusible connection between at | east two of the electrical traces.
The circuit routing configuration is sel ectable by application of a
predeterm ned current through at | east oge of the fusi bl e connectors to
break the fusible connection formed by the fusi bl e connect or.

The fusible sig, ﬁﬁr!@%{ 8¥rof 9BREES ERROH Whidh Eaﬂgiogkh&?ﬂ to thecated at an
end 6f a fi rst al o % cont act
pad | ocat ed at $§?‘%5&§ E\S%chqag'}% I 1‘?5%%%??‘4’ ¢ ref cuit '

board, and a f VREF. Abe funetiansqperformed by the sembinationt of conduct ive | ayer
of the print edcsnf;ﬁuatbrbo%ha thedefeferidéSdlt ewﬁt% b& fnpReNeriteg first
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VOUT of the regulator 10 and the VFB input of the comparator 30. Set
Point resistor R2 is coupled between the VEB input of the comparator
30 and ground. Resistors R3 and R5 are coupled in parallel with Set
Point resistor R1, while resistors R4 and R6 are coupled in parallel
with Set Point resistor R2. Each of resistors R3 through R6 is coupled
to the VFB input of the comparator 30 through a separate one of four
fusible resistors 40. .

The regulated power supply 2 has a set point which represents
the output voltage VOUT at a constant load and temperature. The set
point may be adjusted by adjusting the feedback voltage VFB input to
the comparator 30 for a given output voltage VOUT. In other words,
the set point may be adjusted by changing the transfer function
VFB/VOUT of the resistor divider network. This is accomplished by

- breaking the current path through one or more of resistors R3

through R6. Consequently, the set point of the regulated power
supply 2 may be adjusted by selectively fusing open one or more of the
fusible connectors 40.

Referring now to Figure 3, a section 60 of a printed circuit board
is shown. The printed circuit board consists of a substrate 62 and
multiple copper traces, including traces 42 and 44. Traces 42 and 44 are
terminated in copper contact pads 46 and 48, respectively. Coupled
between contact pads 46 and 48 is a fuse line 50. A fusible connector 40

’ comprises the contact pads 46 and 48 and the fuse line 50. In the
preferred embodiment, the contact pads 46 and 48, the fuse line 50, and
’ the traces 42 and 44 are all formed simultaneously from a single

copper layer by the same etching process. Although the traces on the
printed circuit board 60 are generally covered by a protective layer of
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by way of exanple and not limtation in the figures of theacconpay+hg
drawi ngs, i nywhdersassi ke references indicate simlar el eneppfusseisiay

whi ch: F| gure 1 is-a block diagram of a regul ated power supply
havi ng a resi stor divider network according to the prior art.

Figure 2 is a block diagramof a regul ated power supply having a resi stor

di vider network with fusible connectors. Figure 3 illustrates a
fusi bl e connector according to one enb®di nent of the present invention.
Figure 4 illustrates a fusible connector inplenented on mul tiple | ayers

of ‘a printed ciifigillaingfridtétial, the contact pads 46 and 48 are exposed to allow
electrical contact with a test probe or other similar instrument.

The fuse line 50 may be fused open by applying a predetermined
voltage between contact pads 46 and 48 to cause a fusing current to
flow through the fuse line 50. The width and shape of the fuse line 50
are calculated such that the fuse line 50 will fuse open at the lowest
possible fusing current and provide the cleanest break upon fusing,
'subject to current manufacturing capabilities. A fuse line 50 having a
kinked shape as shown in Figure 3 may be suitable for this purpose.
In addition, the length of the fuse line 50 is as short as possible
according to current manufacturing capabilities. The contact paths 46
and 48 and fuse line 50 are sized and shaped in order to provide
negligible resistance.

The present invention may also be embodied on a multiple
layer printed circuit board, as shown in Figure 4. The fuse line 50 is
formed on one substrate layer 63 of the printed circuit board while the
traces 42 and 44 and the contact pads 46 and 48 are formed on a
different substrate layer 64. Connection between the fuse line 50 and
contact pads 46 and 48 is made through vias 52 and 54.

Hence, the routing configuration of the printed circuit board 60
can be easily altered after the manufacturing process has been
completed (e.g., during the testing phase) by selectively fusing open
any of the fusible connectors 40. By applying a predetermined voltage
between contact pad 46 and contact pad 48 to cause a predetermined
current to pass through and to fuse open the fuse line 50.
Furthermore, if this process is performed during the testing phase, the
open/short condition of the fusible connector 40 can be easily tested,
since the printed circuit board is already connected to the test
equipment. Therefore, the printed circuit board 60 can be mass
produced to have a single routing configuration that can be easily |,

reconfigured into one of multiple different routing configurations. It
is not necessary to maintain a separate inventory of parts for the
purpose of performing such reconfiguration. Furthermore, the fusible
connector 40 can be implemented in a regulated power supply such

Sheet Has Been Replaced
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DETAI LED DESCRI PTI ON A printed circuit board having a sel ectable
circuit routing configuration is described. In the foll ow ng description,
for purposes of expl anation, numerous specific details are set forth in
order to provi de a thorough understandi ng of the present invention. It

w il be evi qgydsnsix@never, to one skilled in the art that tperosssTd

i nvention may be practiced wthout these specific details. In other

i nst ances, wel | - known structures and devices are shown in bl ock diagram
form in order to avoid unnecessarily obscuring the present invention.
Figure 2 shows a regul ated power supply 2 The regul at ed power supply 2
consists of a regulator 10 which receives7an i nput voltage V[err] and
whi ch generates an output voltage V[err] The output voltage is input to
a feedback ci rcwhaitthersetpémngfﬂfe Wcanﬂewamya djestedrdurdig The

resistor di VI der, tcgt)v%t f’ﬂ?e“f:@é&?or &??(aﬁ‘&éﬁhﬁp %ﬁ%%[to a

conpar at or al a recel ves

err] and a
ref erence voI t ag'éSl&ﬁPér#T]d sich hat the §ettRP1!\hbas minimal WW@%‘IBES
PCT/ US96/ 05749 operation.

Although the present invention has been described with
reference to specific exemplary embodiments, it will be evident that
various modifications and changes may be made to these
embodiments without departing from the broader spirit and scope of
the invention as set forth in the claims. Accordingly, the specification
and drawings are to be regarded in an illustrative rather than a
restrictive sense.



.- b- regul ator 10 an error voltage ERROR which is proportional to the
di fference between the feedback voltage V[err] and the reference voltage
V[err]. The functions perforne j i of the conpar at or 30

"and the reference voltage VREF may be il enment - using well-known

i nt egr at ed %?%§ such as the“mm"mmﬁﬁuiﬁﬁl. PCT/USOIBMY €S St Or
di vi der net consists of s i siLy through R6. Set Point
resistor Rl is coupl ed between the out put V[err] of the regulator 10 and
the V[err] input of the conparator 30. Set Point resistor R2 is coupled
bet ween the V[err] input of the conparator 30 and ground. Resistors R3
and R5 are coupled in parallel with Se8- Point resistor RlL, while
resistors R4 and R6 are coupled in parall el with Set Point resistor R2.
Each of resisgpnag through R6 is coupled to the V[err] input of the
conparator 3 roug@.a $e£).arate one of four fusi bl e resistors 40.

The regul at ed 9'2 has a set point which represents t he out put
voltage V[err] at a constant |oad and tenperature. The set poi nt may be

?dj usted by aﬁ.it WS 'iﬂﬁkldt&ﬁuitsﬁt%aiﬂav?t@iwécth o'imnittroﬁ’]ing t?e c_orrt)ar at O[:) 30
or a given outpgut vQ e rel. r e set point may be
adj usted by c?ﬁiﬁtﬁq’fﬁt’?ﬂgﬂf’r P’Fﬂﬁé’t%lt"‘g?f“ ?‘grﬁl /V[err] of the resistor
di vi der . net wor k. Thsubstrateicconpl i shed by breaki ng the current path

t hrough one or norg gjraﬁﬁsg,isél@&ﬁcﬁancebhEméuRﬁth@f&&ﬁwﬁirly, t he set

P o e bR By el Bufl i > o cctvely
at least one fusible connector mounted to the substrate, each of
 the fusible connectors comprising a fuse line formed from a

conductive layer of the printed circuit board and forming a fusible

connection between at least fwo of the electrical traces, such that the

circuit routing configuration can be selected by applying a

predetermined current through at least one of the fusible connectors

to break the fusible connection formed by the fusible connector.

2. The printed circuit board of claim 1, wherein each of the fusible
connectors further comprises:

a first contact pad located at an end of a first signal trace on a
printed circuit board; and '

a second contact pad located at an end of a second signal trace on
the printed circuit board; '

wherein the fuse line is fusibly coupled on the printed circuit
board between the first contact pad and the second contact pad, such
that a predetermined current driven through the fuse line causes the
fuse line to fuse open to decouple the first signal trace from the second

signal trace.

3. The printed circuit board of claim 2, wherein the first signal trace,
the second signal trace, the first contact pad, and the second contact
pad are formed from the conductive layer of the printed circuit board.

4. The printed circuit board of claim 3, wherein the first signal trace,
the second signal trace, the first contact pad, the second contact pad,



Referring now to Figure 3, a section 60 of a printed circuit board IS
shown. The printed circuit board consists of a substrate 62 and mul tiple
copper traces, including traces 42—and 44, Traces 42 and 44 are

term nated in copper contact pads ﬂmﬁml vely. Coupl ed

bet ween cont agf 46 and 48 is ggmgmﬂmu‘ fusible mgﬁg@ 40
conprises the contact pads 46 and 48+and tthe®use Fine 50. In th

preferred enbodi nent, the contact pads 46 and 48, the fuse line 50, and
the traces 42 and 44 are all fornmed sinultaneously froma single copper
| ayer by the same etching process. Although the traces on the printed

circuit board 60 are generally covered bg-a protective | ayer of
6 insulating material, the contact pads 46 and 48 are exposed to allow.

el ectrical contggd tﬂéﬁfée%ﬂe%?é fBFREE sRhultAtdusE By efchingfig unent . The
Contact pads anichis iyed B e tritbld ﬁgm@hﬁv%re fo f F‘vae?hYSL;ﬁg?hSEE use
| i ne¢50. The wi dth and shape of the fuse line 50

5. The printed circuit board of claim 1, wherein the fuse line has a

predetermined shape selected to cause the fuse line to fuse open

cleanly.

6. The printed circuit board of claim 5, wherein the fuse line has a
kinked shape.

7. A fusible signal connector, comprising:
' a first contact pad located at an end of a first signal traceon a
printed circuit board;

a second contact pad located at an end of a second signal trace on
the printed circuit board; and

a fuse line formed from a conductive layer of the printed circuit
board, the fuse line fusibly coupled between the first contact pad and
the second contact pad, wherein a predetermined current driven
through the fuse line causes the fuse line to fuse open.

8. The fusible signal connector of claim 7, wherein the first signal
trace, the second signal trace, the first contact pad, and the second
contact pad are formed from the conductive layer of the printed circuit
board.

9. The fusible signal connector of claim 8, wherein the first signal
trace, the second signal trace, the first contact pad, the second contact
pad, and the fuse line are formed simultaneously by etching the
conductive layer of the printed circuit board.

10. The fusible sigﬁal connector of claim 9, wherein the fuse line has a
predetermined shape selected to cause the fuse hne to fuse open
cleanly.



are cal cul ated such that the fuse line 50 will fuse open at the | owest
possi bl e fusing current and provide_the cleanest break upon fusing, subject
to current manufacturing capabilities. A fuse |line 50 having a kinked shape
as shown in Figure 3 may be suitabl gllm“u numl[“!l ME I n addltlon t he

| ength of theyhys 1&& ne 50 is as sh cor di necrfsosssToNt
manuf acturing capabilities. The contact pa s 46 and 48 and fuse line 50 are
si zed and shaped in order to provide negligible resistance. The
present invention nay al so be enbodied on a nmultiple layer printed circuit
board, as shown in Figure 4. The fuse line 50 is formed on one substrate

| ayer 63 of the printed circuit board whi®<e the traces 42 and 44 are forned
on a different substrate |ayer 64. Connection between the fuse |line 50 and
contact pads 461@%&&:&51&&@&1&&%&@&@8 wherdld the fuse lirtéchazea t he
routing configqg@%ﬁ& f the printed circuit board 60 can be easily altered
af ter the manuf hg rocess has been conpleted (e.qg., during the
testing phase) by selectively fusing open any of the fusi bl e connectors 40.
By applying a przdatrpilaba@lipywki Agsbly HavBpark adjusblead pofntpnd contact pad
48 to cause a pregﬁtern1ned current to pass through and to fuse open the
fuse |ine 50. UPM® e, if this process is performed during the testing
phase, the open/shorQV@bagﬁml@ﬂe,of t he fusi ble connector 40 can be easily

tested, si nCﬁ the prg Gbﬁﬁbé:fé‘ tbr éult(sr@dei@aay Reitage t o thg tezt
STRIS LT o S kg Bl 2
one of multiple dif f%F@ﬂPW@N@ eshier Tegeive @5 dnput 3 feefibagiovoltageansary t o
Mai ntai n a sepag aéferéndy idlagy, the caafﬁambﬁhrbhtefmmmwg af@ifoRr N ng such
reconfigurati Onv:»l?a':ﬁet t%%%‘%e&ula&o*}eth Ut 3oltage indicative of a difference

between the reference voltage and the feedback voltage; and

a feedback circuit having a transfer function, the feedback circuit

coupled to receive the regulated voltage as input for outputting the

feedback voltage, the feedback circuit including at least one fusible

connector, such that the transfer function of the feedback circuit can be

adjusted to control the set point of the power supply by selectively

fusing open at least one of the fusible connectors.

'13. The regulated power supply of claim 12, wherein each of the
fusible connectors comprises a fuse line formed from a conductive
layer of a printed circuit board

14. The regulated power supply of claim 13, wherein the first signé.l
trace, the second signal trace, the first contact pad, and the second
contact pad are formed from the conductive layer of the printed circuit
board.

15. The regulated power supply of claim 14, wherein the first signal
trace, the second signal trace, the first contact pad, the second contact
pad, and the fuse line are formed simultaneously by etching the
conductive layer of the printed circuit board.



connector 40 can be inplenented in a regul ated power supply such WO
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-7- that the set point of the power sup%'l can be easily adjusted

during testing wthout the neam‘m “‘H‘m adj ustment of a variable
resistor, an bdddshat the set vari ance Ggrhisssns7ao
oper ati on. w6 l§5AI t hough the present i fvention -has been described with

reference to specific exenplary enbodiments, it will be evident that
vari-ous nodifications and changes nay be rrade to these enbodi nment s

w t hout departing fromthe broader spirit and scope of t he invention as
set forth in the clains. Accordingly, the-specification and drawi ngs are
to be regarded in an illustrative rather than a restrictive sense.

s 16.  The regulated power supply of claim 15, wherein the feedback
circuit comprises a voltage divider circuit having a plurality of

, electrical components, wherein fusing open one of the fusible
connectors breaks an electrical connection between at least two of the
electrical components.

17. The regulated power supply of claim 16, wherein the plurality of
electrical components comprises a plurality of resistors.

18. The regulated power supply of claim 13, wherein each of the
fusible connectors further comprises:

a first contact pad located at an end of a first signal trace on a
printed circuit board;

a second contact pad located at an end of a second signal trace on
the printed circuit board; '

: wherein the fuse line is fusibly coupled on the printed circuit
board between the first contact pad and the second contact pad, such
that a predetermined current driven through the fuse line causes at
least a portion of the fuse line to fuse open to decouple the first signal
trace from the second signal trace. |

19. A printed circuit board having an adjustable circuit routing
configuration, the printed circuit board comprising:

substrate means;

means for providing a plurality of electrical traces mounted to
the substrate means for interconnecting a plurality of electrical
components; and '

fusible connector means mounted to the substrate means, the
fusible connector means formed.from a conductive layer of the
printed circuit board and forming a fusible connection between at least
two of the electrical traces, wherein the circuit routing configuration
can be selected by applying a predetermined current through the
fusible connector means to break the fusible connection formed
thereby. |



8 32. A nethod of providing a ci Lt board having a selectable
circuit routing configuration, the d co Lsing the steps of:

form ng a conductive |ayer on a subgw Ing a plurality of

el ectri cal traces fromthe conductive !ﬂ” formng a fusible
connection fgHRdbgsconductive |ayer betwee th t wo opct/bsvemsmagt ri cal
traces si mul taneousFy wWth said step of form ng’t plurality of electrical
traces, such that the circuit routing configuration of the circuit board is
configurable by application of a predeterm ned fusing current through the
fusi bl e connection to cause the fusible connection to fuse open. 33. A

met hod according to claim32, further corising the step of applying the

predeterm ned fusing current through the fusible connection during a test
phase to cause the fusible connection to fuse open. 34. A nethod according

to claim 32, Wl efHe drifted cirefiit Hoafd b Lidfin 10 wherein the first signal trace,
: the second signal trace, the first contact means, and the second contact
means are formed from the conductive layer of the printed circuit
board.

21. The printed circuit board of claim 20, wherein the first signal trace,
the second signal trace, the first contact means, the second contact
means, and the fuse line are formed simultaneously by etching the
conductive layer of the printed circuit board.

22. A fusible signal. connector, comprising: :

first contact means located at an end of a first signal traceon a .
printed circuit board;

second contact means located at an end of a second signal trace
on the printed circuit board; and

fuse line means formed from a conductive layer of the printed
circuit board fusibly coupled on the printed circuit board between the
first contact means and the second contact means, such that a
predetermined current driven through the fuse line means causes at
least a portion of the fuse line means to fuse open to decouple the first
signal trace means from the second signal trace means.

23. The fusible signal connector of clann 22, wherein the first signal
trace, the second s1gnal trace, the first contact means, and the second
contact means are formed from the conductive layer of the printed
circuit board.

24. The fusible signal connector of claim 23, wherein the first signal
trace, the second signal trace, the first contact means, the second
contact means, and the fuse line are formed simultaneously by etching
the conductive layer of the printed circuit board.

b}



pl.urality of electrical traces and form ng the fusible connection are
performed substantially sinultaneously by etching the conductive |ayer.
35. A nethod of producing a circuit board, the circuit board having a

circuit routing configuration, t”mmﬂmgm gpi g the steps of

form ng a plurghitysef el ectricalll m”'nSI bl e connedcigrseketieen
the electrical traces froma condlctfve | dyef of the circuit board; and
verifying the routing configuration of the circuit board as part of a test
phase; and configuring the circuit routing configuration of the
circuit board as part of the test phase by applying a predeterm ned current
t hrough the fusible connection to fuse op#® t he fusible connection.

9 36. A nethod according to claim35, wherein the step of form ng the

plurality of trammesAsagulabl powebswpplyaehig anadjustibless pobet, st ep of
comprising: '

voltage source means;

regulator means coupled to receive an input voltage generated
by the voltage source means for outputting a regulated voltage;

a comparator means coupled to receive as input a feedback
voltage and a reference voltage, the comparator means for outputting
‘an error voltage to the regulator means, the error voltage indicative of
a difference between the reference voltage and the feedback voltage;
and

' feedback means having a transfer function, the feedback means
coupled to receive the regulated voltage as input for outputting the
feedback voltage, the feedback means including fusible connector
means, such that the transfer function of the feedback means can be
adjusted to control the set point of the power supply by selectively
fusing open the fusible connector means.

26. The regulated power supply of claim 25, wherein the fusible
connector means is formed from a conductive layer of a printed circuit
board. |

27. The regulated power supply of claim 26, wherein the first signal
trace, the second signal trace, the first contact means , and the second
contact means are formed from the conductive layer of the printed
circuit board.

28. The regulated power supply of claim 27, wherein the first signal
trace, the second signal trace, the first contact means , the second
contact means , and the fuse line are formed simultaneously by
etching the conductive layer of the printed circuit board..

29. A method of providing a printed circuit board having a selectable
circuit routing configuration, the method comprising the steps of:
providing a substrate;



formng the plurality of traces and the fusible connection fromthe
conductive | ayer concurrently by etching the conductive |layer. 37. A

met hod of producing a circuit board, the circuit board having a circuit
routing configuration, the method conprising—the-steps of: formng a
conductive | a substrat e; plurality Slogias al
traces from tﬁ?é@%gﬁct I ve | ayer ”"1"}1 ”l"ﬂ”’@ Iimng a fusi b?iédggnnect I on
fromthe conductive |ayer between*atc the electrical traces;
testing the routing configuration of the circuit board during a test phase
and configuring the circuit routing configuration of the circuit
board during the test phase by applying &4predeterm ned current through the
fusi bl-e connection to fuse open the fusible connection. 38. A nethod

alcc0{ di ngI tf claim3 rowhﬁ{gea plﬁﬂaﬁtfbﬁgéc@icalfﬁaéas%oﬁﬂm@dnbtthal ity of
el ectrical traces or . ng t usi nn
concurrently by &P@‘ﬁ‘%ﬁgf"{ ng%“ .m k‘gﬁgﬁ’ F@S&ﬂaﬁnéqgﬂgﬁﬂ%\%prow ding a
circuit board havi ngpaoﬁdilt&ﬂalbaﬁ Qnerf@aibﬂe cannectoy ag deast gartiallydfermede net hod
fcorrprl sing Ithe l%if-ct&ﬁ% aindlucu%:ela e?&x{i’btﬂ&eét?@ﬁ@kiﬁ]dﬂéﬁe Isanﬂs[thﬁ.nea@hsuubstraéI e;

orning a plura el ectr ra rom ctiy an
fornming a fusi blté %‘bﬂ%c‘f’?‘ﬁﬁdﬁs%m@ 5@#&%8?%%%3’8?‘”8%‘{ ﬁgfﬁ t[wq east two
of the el ectri caif the aleeirical traces, wheneint the gincuis routing iconfigurationccandas
equi pment; and gelected by applying a predetermined current through at least one of

the fusible connectors to break the fusible connection formed thereby.

.-

30. A method of adjusting the routing configuration of a printed
circuit board, the method comprising the steps of:

providing a substrate;

providing a plurality of electrical traces mounted to the
substrate for interconnecting a plurality of electrical components;

providing at least one fusible connector at least partially formed
from a conductive layer mounted to the substrate, such that each of
the fusible connectors forms a fusible connection between at least two
of the electrical traces; and

applying a predetermined current through at least one of the
fusible connectors to break the fusible connection formed thereby.

31. A method of adjusting a set point of a regulated power supply, the
power supply having a voltage regulator coupled to a comparator and
a feedback circuit for controlling the set point, the comparator
separately coupled to the feedback circuit, the feedback circuit having a
transfer function, the method comprising the steps of:

providing within the feedback circuit at least one fusible
connector at least partially formed from a conductive layer mounted
to a printed circuit board, each of the fusible connectors forming a
fusible connection between at least two of a plurality of electrical traces
on the printed circuit board; and

applying a predetermined current through at least one of the
fusible connectors to break the fusible connection formed thereby to
change the transfer function of the feedback circuit.



using the test equipnent to apply a predeterm ned fusing current through
the fusi ble connection to cause the fusible connection to fuse open; and
10 using the test equipnent to verify the routing configuration of
the circuit board without renoving the circuit board fromthe test

equi pnent . &Paﬁ@t hod according to claim39, wherein thecaiespsesrds

formng the p al1ty of electrical traces and formng the fusible
connection are perforned concurrently by etching the conductive |ayer.
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--11- 16. The regul ated power supply of claim 15, wherein the feedback
circuit conprises a voltage divider circuit having a plurality of

el ectrical conponents, wherein fusing open one of the fusible connectors
breaks an el ectrical connection between at |east two of the electrical
conponents.  WboeBbmsregul ated power supply of claim16, whep@ifsdshi§rao
plurality of electrical -conponents conprises a plurality of resistors. 18.
The regul ated power supply of claim 13, wherein each of the fusible
connectors further conprises: a first contact pad | ocated at an end
of a first signal trace on a printed circuit board; a second cont act
pad located at an end of a second signal trace on the printed circuit

boar d; wherein the fuse line is fusibly coupled on the printed
circyit board between the first contact pad and the second contact pad,
such that a predeterm ned current driven through the fuse |ine causes at

| east a portion of the fuse line to fuse open to decouple the first signal
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trace fromthe second signal trace. 19. A printed circuit board having an
‘adj ustable circuit routing configuration, the printed circuit board

conpri si ng: substrat e neans; means for providing a plurality of
‘el ectrical traces nmounted to the substrate nmeans for interconnecting a
plurality of electrical conponents; and f usi bl e connecTASESHLS
mounted to tW@? rate neans, the fusible connector neans formed froma
conductive layer of the printed circuit board and formng a fusible
connecti on between at |east two of the electrical traces, wherein the .
circuit routing configuration can be selected by applying a predeterm ned

current through the fusible connector neans to break the fusible connection
formed t hereby.
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-12- 20. The printed circuit board of claim19,.wherein the first signal
trace, the second signal trace, the first contact neans, and the second
contact means are formed fromthe conductive |layer of the printed circuit
board. 21. The printed circuit board of claim 20, wherein the first signa
trace, the sqo®gdsist gnal trace, the first contact neans, thecTFesyeusi4cont act
nmeans, and the fuse line are fornmed sinultaneously by etching the
conductive layer of the printed circuit board. 22. A fusible signa
connector, conpri sing: first contact means |ocated at an end of a
first signal trace on a printed circuit board; - second contact neans

| ocated at an end of a second signal trace on the printed circuit board,;
and fuse line neans forned froma conductive |ayer of the printed
ci-rguit board fusibly coupled on the printed circuit board between the
fi-rst contact means and the second contact neans, such that a predeterm ned
current driven through the fuse line negps causes at | east a portion of the
fuse line neans to fuse open to decouple the first signal trace neans from
t he second signal trace neans. 23. The fusible signal connector of claim
22, wherein the first signal trace, the second signal trace, the first
contact neans, and the secopd contact ans are forned fromthe conductive
| ayer of the printed :
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Circuit board. 24. The fusible si gnal connector of clf@in? ' eig o
first signal trace, the second signal ‘tréace, the fi rstpt:o‘ t t%éﬂérmi?h 9
second contact neans, and the fuse line are forned sinul {E A

etching the conductive |ayer of the printed circuit boar'c!.,EAﬂJs yz%\dUN 1997

96/ 35:155 _ : PCT/ US96/ 05749
- 13- 25. A regul ated power supply having an adjustable set point,

conpri si ng: vol t age source neans; ' regul at or nmeans coupl ed
to receive an input voltage generated by the vol t-age source nmeans for
outputting a regul ated vol t age; & conparator neans coupled to
receive as input a feedback vol tage and a reference vol tage, the

conpar at or nmeaigsulatinguhatérial e contactadar46/and d8ark @xpbsed gulleivor neans,
the error voltage Liod GHthéwith a test probe or other similar instrument.
_ The fuse line 50 may be fused open by applying a predetermined
“ voltage between contact pads 46 and 48 to cause a fusing current to

flow through the fuse line 50. The width and shape of the fuse line 50

are calculated such that the fuse line 50 will fuse open at the lowest

possible fusing current and provide the cleanest break upon fusing,

subject to current manufacturing capabilities. A fuse line 50 having a —

- kinked shape as shown in Figure 3 may be suitable for this purpose.

In addition, the length of the fuse line 50 is as short as possible

according to current manufacturing capabilities. The contact pads 46

and 48 and fuse line 50 are sized and shaped in order to provide

negligible resistance. '

The present invention may also be embodied on a multiple
layer printed circuit board, as shown in Figure 4. The fuse line 50 is

-formed on one substrate layer 63 of the printed circuit board while the -
traces 42 and 44 are formed on a different substrate layer 64.
Connection between the fuse line 50 and contact pads 46 and 48 is

. made through vias 52 and 54.

Hence, the routing configuration of the printed circuit board 60
can be easily altered after the manufacturing process has been
completed (e.g., during the testing phase) by selectively fusing open
any of the fusible connectors 40. By applying a predetermined voltage
between contact pad 46 and contact pad 48 to cause a predetermined
current to pass through and to fuse open the fuse line 50.

Furthermore, if this process is performed during the testing phase, the
open/short condition of the fusible connector 40 can be easily tested,
since the printed circuit board is already connected to the test
~ equipment. Therefore, the printed circuit board 60 can be mass

produced to have a single routing configuration that can be easily
‘reconfigured into one of multiple different routing configurations. It
is not necessary to maintain a separate inventory of parts for the
purpose of performing such reconfiguration. Furthermore, the fusible

~ connector 40 can be implemented in a regulated power supply such
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a difference between the reference vol tage and the f24UbAJS v iage)
f eedback neans having a transfer function, the f'eedbac;:-{‘g gﬁ?m cou
‘recei ve the regul ated vol tage as input f8r outputting® E B

vol tage, the feedback neans including fusible connec

mean | \L at
the transfer function of the feedback neans can be ' ‘\ L\ I
fu m esfusible

the set point-of the power supply by selectively

connect or neans. 26. The regul ated power supply of alm 25, wherein
the fusible connector nmeans is formed froma conductive |ayer of a
printed circuit " board. 27. The regul ated power supply of claim 26,
wherein the first signal trace, the second signal trace, the first

contact neans32, Anghethed of PRB¢iding @OditAsit bBRANRatirey 4 86leBeblé efrchite
conductive | ayer,. of thégg;l nt e . Jhe regul at ed

power suppl y GUHEI&GFAR ‘W%}'ghﬁ rf‘%@ﬁ%é‘[“%g’ras%‘gﬁlthe Stet%i%a e, the second
signal trace, the formihgaooomdactivsalayer onhe sabstoalg; contact means, and
of the printed i rionins g pHtiate 8 Heckill waoe STl BRI, /0, '
circuit boar dajfesiamgl a sel ect abl e circuit routing configuration, the
et hod conpri sing {hpingePBusible connection ROAY tE BOnAuSHNS dyre:

between at least two of the electrical traces simultaneously with said

step of forming the plurality of electrical traces, such that the circuit

- routing configuration of the circuit board is configurable by..
application of a predetermined fusing current through the fusible
connection to cause the fusible connection to fuse open.

33. A method according to claim 32, further comprising the step of
applying the predetermined fusing current through the fusible
connection during a test phase to cause the fusible connection to fuse
open. 3

34. A method according to claim 32, wherein the steps of forming the
plurality of electrical traces and forming the fusible connection are
performed substantially simultaneously by etching the conductive
layer.

35. A method of producing a circuit board, the circuit board having a
circuit routing configuration, the method comprising the steps of:

forming a plurality of electrical traces and a fusible connection
between the electrical traces from a conductive layer of the circuit
board; and -

verifying the routing configuration of the circuit board as part:
of a test phase; and | | _ '

configuring the circuit routing configuration of the circuit board
as part of the test phase by applying a predetermined current through
the fusible connection to fuse open the fusible connection.



5V\D 96/ 3 -9
PCT/ U892}82749 C 4§ 96 / 05 7“' 9
.ﬂprovi-di ng a plurality of electrical t_races nmount ed to,é&z{u subsﬁr’PEﬂJngg?

i nterconnecting a plurality of electrical conponents
providing at |l east one fusible connector at IeastWr med  from

a conductive |layer nounted to the substrate, such t

fusi bl e connectors forns a fusible connection betwegﬂn ““ln““] of
the electrical traces, wherein the circuit routing guramlon can be

sel ected by applying a predeterm ned current through at |east one of t he
fusi bl e connectors to break the fusible connection fornmed thereby. 30.

A method of aggug ht&hbﬂ%&@t&hg@toqqaﬁﬁ 35! ¥ HeR8inCthedst8p 'dftfﬁﬁnmg ¢h CUi T
board, the nethod co risin rovidin ubstrat e;

provi ding a pP r&l‘ﬁf sraces g@r&'@ﬁ‘sﬁ‘ﬁ%@gﬂm E‘Ef“Pg‘sFﬁéhe trate for
i nt er connect i foyneing| thveaplurylitf of traces andlthe dupibbe rbrnection from ther ovi di ng

onducti VE”Faécﬁrfdl?a%u i BT b el S, eRidg B YanRudtifh tayek o™ °

37. A method of producing a circuit board, the circuit board having a
circuit routing configuration, the method comprising the steps of:
_ forming a conductive layer on a substrate; o
- forming a plﬁrality of electrical traces from the conductive
layer; and '
forming a fusible connection from the conductive layer
between at least two of the electrical traces;
testing the routmg configuration of the circuit board during a
test phase; and
configuring the circuit routing conflguratlon of the circuit board
during the test phase by applying a predetermined current through the
fusible connection to fuse open the fusible connection.

38. A method according to claim 37, wherein the steps of forming the
plurality of electrical traces and forming the fusible connection are
performed concurrently by etching the conductive layer.

39. A method of providing a circuit board having a selectable circuit
routing configuration, the method comprising the steps of: |
' forming a conductive layer on a substrate; _
forming a plurality of electrical traces from the conductive
" layer; and '

forming a fusible connection from the conductive layer
between at least two of the electrical traces;

connecting the circuit board to test equiprhent; and

using the test equipmerit to apply a predetermined fusing
current through the fusible connection to cause the fusible connection
to fuse open; and '
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;the fusi bl"e connectors forns a fusible connection b t st, &
of the electrical traces; and appl ying a ?@S ‘QS 6&@@&4 9

‘through at |east one of the fusible ct@nectors to; g DigN 1997
connéection formed thereby. 31. A nethod of ' ? Nget poi nt of a .
regul,ated power supply, the power supply having a voltag tor _
coupled to a conparator and a feedback circui Uj’

the set
int | Mj the
f eedback circuit having a transfer function, the hetto Si ng t he

poi nt, the conparator separately coupled to t
steps of: providing within the feedback circuit at Ieast one -
fusible connector at least partially fornmed froma conductive | ayer
nount ed to a pr f tagrs
formng a fus: proTEbHiE b cudffiens f‘?%"'ﬁi i q?ﬂ‘lﬂéf@n%#gﬁﬁﬁéf of
el ectrical trthesircuithoardewithput semeving the gisenit;boand from the test appl yi ng a
predeterm nedegFeéﬁ@htthrough at |east one of the fusible connectors to
break the fusi connection forned thereby to change the transfer
function of the feedback circuit. '

40. A method according to claim 39, wherein the steps of forming the

plurality of electrical traces and forming the fusible connection are
performed concurrently by etching the conductive layer.
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