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(57) ABSTRACT 

A field programmable printed circuit board is provided 
which includes a multiplicity of component contacts for 
making electrical contact to the leads of electronic compo 
nents to be mounted on the printed circuit board, a corre 
sponding multiplicity of interconnect contacts for receipt of 
the leads on the package or packages of a programmable 
integrated circuit or circuits for interconnecting as desired 
the electronic components, and one or more layers of 
conductive traces formed on the printed circuit board, each 
conductive trace uniquely connecting electrically one com 
ponent contact to one interconnect contact. 
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FIGURE 1 b 
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STRUCTURE HAVING MULTIPLE LEVELS OF 
PROGRAMMABLE INTEGRATED CIRCUITS FOR 

INTERCONNECTING ELECTRONIC 
COMPONENTS 

FIELD OF THE INVENTION 

0001. This invention relates to printed circuit boards and 
in particular to a printed circuit board which is program 
mable in the field by the designer of an electronic System to 
provide a desired function and to the method of program 
ming the programmable printed circuit board of this inven 
tion. 

BACKGROUND OF THE INVENTION 

0002 Printed circuit boards are commonly used in elec 
tronic devices Such as instruments, computers, telecommu 
nication equipment and consumer electronic products. Typi 
cally, an engineer will design a printed circuit board to carry 
the types of components necessary to implement the desired 
electronic function and to fit in the Space available for the 
board. Consequently, each printed circuit board typically is 
custom designed. To design a custom printed circuit board is 
expensive, takes time and requires the fabrication of proto 
type printed circuit boards. If errors are found in the proto 
types, then the printed circuit board must be redesigned. 
Such a process often delays the planned introduction of a 
new product. 

SUMMARY OF THE INVENTION 

0003. In accordance with this invention, a printed circuit 
board of unique configuration is combined with one or more 
Special programmable integrated circuit chips (hereinafter 
called “programmable interconnect chips” or “PICs”) to 
provide a user programmable printed circuit board capable 
of being used to provide any one of a plurality of functions. 
0004. In one embodiment of the invention, a field pro 
grammable printed circuit board comprises 

0005 (1) a multiplicity of component contacts for 
receipt of the leads of electronic components, 

0006 (2) a corresponding multiplicity of PIC con 
tacts for receipt of the leads on the package or 
packages of the programmable interconnect chip or 
chips, and 

0007 (3) one or more layers of conductive traces, 
each conductive trace uniquely connecting one com 
ponent contact to one PIC contact. 

0008 Typically, electronic components comprise inte 
grated circuits and/or discrete devices contained, respec 
tively, in Standard integrated circuit or discrete device pack 
ages and in addition, discrete elements which include 
resistors, capacitors and inductors, for example. 
0009 Generally the component contacts and PIC con 
tacts comprise holes in the printed circuit board, the interior 
Surfaces of which are plated to a Selected thickness with a 
conductive material Such as copper. Alternatively, these 
contacts are pads or any other Structure for electrically and 
physically joining electronic components and integrated 
circuits to a printed circuit board. Advantageously, the PIC 
contacts are usually (though not necessarily) Smaller than 
the component contacts So that the area of the programmable 
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printed circuit board occupied by the programmable inter 
connect chip or chips is much Smaller than the area of the 
printed circuit board occupied by the electronic components. 
Each PIC contact brings a corresponding trace from a 
Selected level on the PC board to the Surface of the PC board 
So that trace is then connectable to a pin or electrical contact 
on a programmable interconnect chip. For every component 
contact (the function of which is to receive the pin or 
electrical contact of an electronic component) there is a 
corresponding electrically conductive trace which intercon 
nects that component contact to a corresponding PIC contact 
(the function of which is to receive the pin or electrical 
contact of the programmable interconnect chip) in the 
printed circuit board. Thus, each component contact is 
electrically and uniquely connected to a corresponding PIC 
contact for electrically contacting a programmable intercon 
nect chip of this invention. 

0010. In accordance with this invention more than one 
programmable interconnect chip is, if desired, placed on a 
printed circuit board to provide enhanced interconnection 
flexibility and cost optimization for the electronic compo 
nents on the printed circuit board. Such a board then has 
additional PIC contacts corresponding to and for connection 
to the external pins or electrical contacts on the additional 
packages containing the additional programmable intercon 
nect chips. 

0011. The field programmable printed circuit board 
(hereinafter sometimes referred to as a “FPPCB) of this 
invention substantially reduces the cost associated with 
developing complex electronic Systems by providing a stan 
dard PC board configuration which is easily and economi 
cally manufactured. In accordance with this invention, the 
designer of electronic Systems utilizing the Standard pro 
grammable PC board of this invention will also utilize 
computer aided design Software to determine the optimum 
placement of the electronic components on the program 
mable PC board and to determine the configuration of the 
programmable interconnect chip or chips of this invention to 
properly interconnect the electronic components So as to 
yield the desired electronic System. 

0012. In accordance with the method of this invention a 
user designing an electronic System utilizing the program 
mable PC board of this invention will first place a model of 
the programmable PC board in the computer aided design 
System. The user then will Simulate the placement of models 
of the desired electronic components, be they discrete ele 
ments, memory, logic gates, or microprocessors, on Selected 
component contacts on the programmable PC board and will 
Simulate the interconnection of these electronic components 
using the standard PC board of this invention together with 
the programmable interconnect chip or chips of this inven 
tion. The computer will then simulate the electrical perfor 
mance of the System with the electrical components So 
placed and interconnected and will indicate whether or not 
the configuration Selected by the designer yields the desired 
electronic function. The designer will have choices in the 
placement of the electronic components on the program 
mable PC board and in their interconnection but will be 
assisted in this placement by certain logical rules contained 
in the computer aided design program. Algorithms for use in 
computer aided design Systems of the type required to 
implement the design of electronic Systems utilizing the 



US 2001/0009032A1 

programmable PC board and programmable interconnect 
chip of this invention are of a type currently available in the 
electronic design industry. 
0013 The programmable printed circuit board of this 
invention is considered to be “field programmable” because 
the designer of an electronic System is able to program the 
placement of electronic components on the unique PC board 
of this invention by using and configuring the programmable 
interconnect chips of this invention. The PC board of this 
invention is unique in that it has a Standard configuration 
regardless of the electronic function to be implemented and 
thus is relatively inexpensive and easy to make. At the same 
time, the field programmable PC board of this invention is 
programmable by use of one or more programmable inter 
connect chips. 
0.014. In an alternative embodiment of this invention, the 
programmable PC board of this invention includes on a 
portion of its Surface electronic components which are 
interconnected using custom designed interconnections to 
form a particular circuit function. Conductive traces transmit 
the signals from this custom portion of the PC board to one 
or more programmable interconnect chips on the remainder 
of the PC board. The programmable interconnect chip or 
chips are configured by the user to achieve the desired 
function required utilizing both the custom portion of the PC 
board and the programmable portion of the PC board. 
0.015 Throughout this specification, the field program 
mable PC board of this invention will usually be described 
as having component holes and PIC holes for receipt of the 
electrical leads of the electronic components and of the 
programmable interconnect chip, respectively. The term 
“component hole” and the term “PIC hole” will be used to 
describe a standard hole formed in a PC board and plated 
with a conductive material as in the prior art to receive a 
conductive lead. However, any conductive Structure capable 
of being used to electrically contact and physically hold the 
package of an electronic component can be used in place of 
a component hole or a PIC hole. Such a structure includes 
a Solder pad and a Socketed printed circuit board opening for 
Slidably receiving and releasing the pins of an electronic 
component package. It should be noted that the term PIC 
hole is used to distinguish the function of certain holes in the 
programmable printed circuit board of this invention from 
the component holes. However, both types of holes are 
plated with a conductive material and have the same pur 
pose-that is to electrically transmit Signals from either the 
pin of the package of an electronic component to a conduc 
tive trace or from a conductive trace to the pin of an 
electronic component or through the programmable inter 
connect chip to another trace or from a conductive trace to 
another conductive trace. 

0016. In certain circumstances, a PIC hole or a compo 
nent hole can be used to interconnect two traces directly. 
Such a configuration occurs in custom designed PC boards. 

0017. This invention will be more fully understood in 
conjunction with the following detailed description together 
with the attached drawings. 

DESCRIPTION OF THE DRAWINGS 

0.018 FIG. 1a illustrates in isometric view a program 
mable printed circuit board of this invention containing a 
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plurality of layers of traces Such as trace 103-r,c each trace 
connecting uniquely one component hole 102-r,c to a cor 
responding PIC hole 104-r,c (shown in FIG. 1b); 
0019 FIG. 1b illustrates an isometric view of the portion 
of the programmable PC board 100 of FIG. 1a beneath 
programmable interconnect chip 105 containing the PIC 
holes (such as hole 104-r,c) for connection of the traces 
(Such as trace 103-r,c) to the pins or electrical contacts on the 
programmable interconnect chip 105 of this invention; 
0020 FIGS. 2a through 2d illustrate schematically four 
top plan views of printed circuit board 100 utilizing the 
programmable interconnect chip 105 of this invention 
together with the multiplicity of component holes 102-1.1 
through 102-R,C (not shown) arranged on the printed circuit 
board together with a Schematic representation of conduc 
tive busses 103 each bus containing a plurality of conductive 
traces such as traces 103-1,1 through 103-13 for intercon 
necting each of the component holes 102 to a corresponding 
PIC hole 104 beneath the programmable interconnect chip 
105; 
0021 FIGS. 3a, 3b, 3c and 3d illustrate a number of 
different global interconnect architectures Suitable for use 
with this invention; 
0022 FIGS. 4a and 4b illustrate respectively the top and 
side views of a programmable printed circuit board 400 
constructed in accordance with this invention together with 
a programmable interconnect chip 405 placed on the board 
to interconnect the electronic components to be placed on 
the PC board 400 in a selected manner to provide the desired 
electronic function; 
0023 FIG. 5 illustrates a programmable printed circuit 
board 500 of this invention containing a testport and a 
control port for testing the State of each trace on the 
programmable printed circuit board 500 and for configuring 
the programmable interconnect chip 505 to interconnect in 
the desired manner the electronic components 506-1 through 
506-4 placed on the PC board 500; 
0024 FIGS. 6a through 6e illustrate a number of struc 
tures for implementing the programmable interconnect chip 
605 Suitable for use in implementing the programmable PC 
board of this invention; 
0025 FIG. 7a illustrates the architecture of the program 
mable interconnect chip 605; 
0026 FIG.7b illustrates one structure for programming 
the intersection of two conductive leads formed on the 
programmable interconnect chip 605; 
0027 FIG. 7c illustrates a bilateral circuit for controlling 
the transmittal of Signals to or from a test port used in 
conjunction with the programmable interconnect chip 605 of 
this invention; and 
0028 FIGS. 8a and 8b illustrate structures for connect 
ing electronic component packages and/or a package con 
taining a programmable interconnect chip to the program 
mable printed circuit board of this invention. 

DETAILED DESCRIPTION 

0029. The following description is meant to be illustra 
tive only and not limiting. Other embodiments of this 
invention will be obvious to those skilled in the art in view 
of this description. 
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0030 FIG. 1 is an isometric cross-sectional view of the 
programmable printed circuit board of this invention. AS 
shown in FIG. 1, programmable PC board 100 comprises a 
plurality of layers 101-1 through 101-4 of insulating mate 
rial. On each layer 101-i (where 1s is 4) is formed a 
plurality of electrical traces 103. Formed in the printed 
circuit board are a multiplicity of component holes 102-1,1 
through 102-R.C where R represents the number of com 
ponent rows of holes formed on the programmable printed 
circuit board and C represents the number of columns of 
component holes formed on the board. Thus, the program 
mable printed circuit board illustrated in FIG. 1a has rows 
of component holes 102-1,X through 102-R.X (where X is 
an integer which varies from 1 to C) and has columns of 
component holes 102-Y,1 through 102-YC where Y is an 
integer which varies from 1 to R. As shown in FIG. 1a, 
traces 103-1,1 through 103-1,C, 103-2.1 through 103-2,C 
and 103-3,1 through 103-3,C are formed on the top surface 
of insulating layer 101-1. Traces 103-4.1 through 103-6,C 
(not shown) are formed on the top surface of layer 101-2. 
Traces 103-7.1, through 103-9,C (not shown) are formed on 
the top surface of layer 101-3 and traces 103-10,1 through 
103-12,C are formed on the top surface of layer 101-4. Each 
trace 103-r,c (where r indicates the row and is given by 
1srs R and c indicates the column and is given by 1 scsC) 
interconnects a corresponding component hole 102-r,c to a 
corresponding PIC hole 104-r,c (shown in FIG. 1b) con 
nectable to a Selected pin on programmable interconnect 
chip 105 (shown in FIG. 1a). 
0031. In the description of FIG. 1a, for simplicity not all 
component holes 102-r,c are actually numbered nor are all 
traces 103-r,c numbered. However, the numbering the com 
ponent holes 102-r,c, traces 103-r,c and the PIC holes 104-r,c 
is consistent with each electrically connected component 
hole 102-r,c, trace 103-r,c and PIC hole 104-r,c all having 
the same indicia r.c. 

0032 FIG. 1b illustrates PIC hole 104-r,c connected to 
trace 103-r,c So as to bring the electrical Signal on trace 
103-r,c to the top surface of layer 101-4 of the PC board 100 
for electrical contact to the programmable interconnect chip 
(shown in FIG. 1a but not in FIG. 1b) of this invention. 
FIG.1b shows an isometric cutaway drawing of a portion of 
the programmable printed circuit board 100 of this invention 
with PIC holes 104-1,1 through 104-R.C (not shown) being 
arranged in a Selected location on the printed circuit board 
100 so as to bring to a portion of the top surface of insulating 
layer 101-4 of the printed circuit board 100 the electrical 
signals carried by traces 103-1,1 through 103-R.C. The PIC 
holes 104-1,1 through 104-R.C (each of which is plated on 
its interior Surface with a conductive material) are arranged 
in a pattern on the printed circuit board So as to mate with 
the pins or other electrical connections on the package 
containing the programmable interconnect chip. Thus the 
area of the programmable PC board 100 occupied by PIC 
holes 104-1,1 through 104-R,C is desirably (though not 
necessarily) much Smaller than the area of the printed circuit 
board occupied by component holes 102-1,1 through 102 
R.C. The internal diameter of the PIC holes 104-11 to 
104-R.C is much smaller than the internal diameter of the 
component holes 102-1,1 to 102-R,C and is only sufficient 
to allow the pins or other electrical connectors on the 
package of the programmable interconnect chip to make 
proper electrical contact to traces 103-1,1 through 103-R.C. 
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0033 FIG. 2a illustrates in top view the local intercon 
nect architecture of the programmable interconnect chip 105 
mounted on the programmable printed circuit board 100 of 
this invention to show the conductive paths followed by the 
traces 103 interconnecting the component holes 102 to the 
PIC holes 104. FIG. 2a illustrates the conductive traces on 
one layer 101-1 of PC board 100 only. Each layer of PC 
board 100 will have a similar pattern of traces. The regions 
under programmable interconnect chip 105 to which the 
traces are directed differ from level to level because each 
trace 103-r,c uniquely interconnects one component hole 
102-r,c to a corresponding PIC hole 104-r.c. FIG. 2b is 
similar to FIG. 2a except it illustrates schematically the 
trace interconnect Structure to interconnect component holes 
102-r,c to PIC holes 104-r,c utilizing the traces 103-r,c on 
printed circuit board insulating layer 101-2. Note that the 
traces 103 on insulating layer 101-2 interconnect different 
component holes 102 than do the traces shown in FIG.2a. 
Similar drawings for the interconnect traces formed on 
insulating layers 101-3 and 101-4 are shown in FIGS. 2c 
and 2d illustrating the different component holes 102-r,c 
being connected to the PIC holes 104-r,c by the traces 
103-r,c on the layers of insulation 101-3 and 101-4. 
0034) While FIGS. 2a through 2d illustrate a program 
mable printed circuit board 100 utilizing one programmable 
interconnect chip 105 of this invention, more than one 
programmable interconnect chip 105 can be used with a 
printed circuit board 105 if desired. The printed circuit board 
100 must be configured to provide a plurality of PIC holes 
104 beneath each of the programmable interconnect chips 
105 utilized on the PC board 100. But with this change the 
structure of this invention can be made even more flexible 
and versatile than is possible with just one programmable 
interconnect chip 105. 
0035. As shown in FIG. 3a a plurality of programmable 
interconnect chips 301-1 through 301-7 are utilized on 
PPCB 300. Typically, programmable PC board 300 is a 
multilayer PC board although in certain Simple configura 
tions a single layer programmable PC board can be used. 
Each chip 301-j (where j is an integer represented by 
1sis.J) comprises a local programmable interconnect chip. 
A Selected number of pins on chip 301- are designated to 
electrically connect to the conductive traces in a bus formed 
on the programmable PC board 300 to interconnect that 
programmable interconnect chip 301- to an adjacent pro 
grammable interconnect chip 301 such as chip 301-(i+1). 
Thus, in FIG. 3a, programmable interconnect chip 301-1 is 
capable of interconnecting any one of a plurality of elec 
tronic components (not shown) mounted on PC board 300 
adjacent to PIC 300-1 with another of that plurality of 
electronic components. In addition, programmable intercon 
nect chip 301-1 is also able to connect these electronic 
components by means of buses 303-1 and/or 303-5 to the 
electronic components connected to adjacent programmable 
interconnect chips 301-2 and 301-5, respectively. Typically, 
busses 303-1 and 303-5 contain eight communication chan 
nels (i.e. eight traces) or 16 communication channels or data 
paths (i.e., 16 traces). Of course, these data busses can 
contain any number of transmission channels desired 
depending upon the requirements of the circuitry. The par 
ticular data busses 303-1 and 303-5 are formed by means of 
conductive traces formed on a selected Surface of PC board 
300. Similarly, programmable interconnect chip 301-2 is 
connectable to programmable interconnect chip 301-3 and 
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303-4 by means of conductive busses 303-2 and 303-4, 
respectively. Conductive busses 303-2 and 303-4 have the 
same characteristics as conductive busses 303-1 and 303-5 
previously described and thus will not be described in detail. 
Likewise, conductive busses 303-3, 303-6, 303-7 and 303-8 
interconnect Selective programmable interconnect chips. 
Thus, conductive bus 303-3 interconnects programmable 
interconnect chip 301-3 to programmable interconnect chip 
301-7. Conductive bus 303-7 interconnects programmable 
interconnect chip 301-4 to programmable interconnect chip 
301-6. Conductive bus 303-6 interconnects programmable 
interconnect chip 301-5 to programmable interconnect chip 
301-6 and conductive bus 303-8 interconnects program 
mable interconnect chip 301-6 to programmable intercon 
nect chip 301-7. Conductive busses 303-3 and 303-6 
through 303-8 each have the same characteristics as 
described above in conjunction with conductive busses 
303-1 and 303-5 and thus this description will not be 
repeated. The structure of FIG. 3a allows any electronic 
components on the PPCB to be interconnected with any 
other electronic component on the PPCB through one or 
more PICS. 

0.036 FIG. 3b illustrates a second type of interconnect 
System wherein programmable interconnect chips 311-1, 
311-2, 311-3, and 311-4 are interconnected by means of 
conductive busses 313-1 through 313-6. Thus, each pro 
grammable interconnect chip 311-1 through 311-4 shown in 
FIG. 3b is connected directly to an adjacent programmable 
interconnect chip 311 by means of a dedicated conductive 
bus 313. For example, programmable interconnect chip 
311-1 can be connected directly to programmable intercon 
nect chips 311-2, 311-3 or 311-4 by means of conductive 
busses 313-1, 313-5 or 313-4, respectively. Each of these 
conductive buSSes contains a Selected number of conductive 
lines (Such as 8 or 16 conductive lines) implemented by 
means of 8 or 16 traces formed on a particular Surface of 
programmable interconnect chip 300. Similarly, conductive 
busses 313-6, 313-2 and 313-3 have 8 or 16 conductive 
paths represented by traces formed on the PC board 300 and 
interconnect pairs of the programmable interconnect chips 
as shown in FIG. 3b. The advantage of the structure shown 
in FIG. 3b over the structure shown in FIG. 3a is that each 
programmable interconnect chip 311 is able to communicate 
directly to each of the other programmable interconnect 
chips 311 on the printed circuit board 300. Of course, each 
programmable interconnect chip 311 also interconnects a 
plurality of electrical components Such as integrated circuits 
or discrete devices inserted into the programmable PC board 
in the area adjacent to the programmable interconnect chip 
311. Thus, programmable interconnect chip 311-1 intercon 
nects electronic components (not shown) formed in the 
upper left quadrant 300-1 of programmable PC board 300. 
Programmable interconnect chip 311-2 interconnects elec 
tronic components (not shown) inserted into the program 
mable PC board 300 in upper right quadrant 300-2. Pro 
grammable interconnect chip 311-3 interconnects electronic 
components (not shown) inserted into the programmable PC 
board 300 in the lower right quadrant 300-3 and program 
mable interconnect chip 311-4 interconnects electronic com 
ponents (not shown) inserted into the lower left quadrant 
300-4 of programmable PC board 300. Thus the structure of 
FIG. 3b is capable of electrically interconnecting the elec 
tronic components within each quadrant not only among 
themselves but also to the electronic components in other 
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quadrants of the programmable PC board 300. The structure 
of FIG. 3b thus gives great flexibility to the circuit designer 
in locating the electrical components to perform a given 
System function. 

0037 FIG. 3c illustrates a bus configuration wherein a 
central bus 323-10 is formed on PC board 300 and program 
mable interconnect chips 321-1, 321-2, 321-3, 321-4, 321-5 
and 321-6 are connected by means of conductive busses 
323-1, 323-2, 323-3, 323-4, 323-5 and 323-6, respectively, 
to central conductive bus 323-10. Central bus 323-10 is 
formed by placing conductive traces on printed circuit board 
300. Conductive busses 323-1 through 323-6 are similarly 
formed by placing conductive traces on the PC board. PC 
board 300 in general is a multilayer PC board with two or 
more layers of conductive traces. The Structure shown in 
FIG. 3c requires the traces making up bus 323-10 to be 
formed on one layer of PC board 300 and the traces 
comprising conductive busses 323-1 through 323-6 to be 
formed on a Second layer. Electrical contact is then made 
between Selected ones of the traces comprising buSSes 323-1 
through 323-6 to the traces comprising bus 323-10 by means 
of holes, each hole electrically contacting the two or more 
traces to be interconnected. 

0038. The structure of FIG. 3c simplifies the intercon 
nections of the programmable interconnect chips 323-1 
through 323-6 and improves the speed of interconnection of 
the common global bus signals but requires the establish 
ment of a protocol for use of bus 323-10. Bus protocol is 
handled in a manner well known in the art by the program 
mable interconnect chips 321-1 through 321-6. 

0039. An additional interconnect structure is shown in 
FIG. 3d. Here, programmable interconnect chips 331-1, 
331-2, 331-3, 331-4, 331-5, 331-6 and 331-7 are intercon 
nected by means of busses 333-1, 333-2, 333-3, 333-5, 
333-6 and 333-7 all of which emanate from or go to central 
programmable interconnect chip 331-4. Chip 331-4 is pri 
marily or exclusively dedicated to interconnecting the pro 
grammable interconnect chips 331-1 through 331-3 and 
331-5 through 331-7. If desired and if the pins are available 
on programmable interconnect chip 331-4, programmable 
interconnect chip 331-4 also interconnects electronic com 
ponents mounted on the programmable PC board particu 
larly in the regions electrically adjacent to programmable 
interconnect chip 331-4. Each of the programmable inter 
connect chips 331-1 through 331-3 and 331-5 through 331-7 
interconnects electronic components mounted on the PC 
board in areas adjacent to the programmable interconnect 
chip and has a certain number of pins (depending upon the 
number of conductive paths in each of busses 333-1 through 
333-3 and 333-5 through 333-7) dedicated to interconnect 
ing itself, through PIC 331-4, to other programmable inter 
connect chips 331. The advantage of the structure in FIG.3d 
is that programmable interconnect chip 331-4 can be con 
figured to control the protocol for communication between 
each of the other programmable interconnect chips 331-1 to 
331-3 and 331-5 to 331-7 and to improve the speed of the 
random global interconnections between the non-adjacent 
programmable interconnect chips. 

0040 FIG. 4a illustrates a programmable printed circuit 
board 400 of this invention containing a number of different 
Structures for both physically and electrically connecting the 
electronic components to the programmable PC board 400. 
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In the upper left hand corner of FIG. 4a, an electronic 
component is capable of being inserted into Sockets in the 
PC board Such that leads on the component's package 
electrically connect to and are physically retained by com 
ponent electrically conductive holes (such as component 
hole 402-1,1) in the PC board. The holes are shown formed 
on a Standard grid pattern Such that one type of program 
mable PC board can be used regardless of the circuit 
function to be performed. This type of component hole, 
called a socketed PCB configuration, allows the electrically 
conductive pins on component packages to be inserted into 
the component holes 402 in the PC board 400 and also to be 
removed from these component holes 402 (such as hole 
402-1,1) without destroying the package pins. 
0041) The lower left portion of PC board 400 has been 
configured to contain electronic component packages which 
are soldered into the programmable PC board 400. Typically, 
component holes, Such as hole 402-R,1, are also used in this 
configuration and the holes can be placed in the board in 
accordance with the pin configuration of the electronic 
component packages to be mounted in the board. Thus one 
row of holes (row R-1) is shown omitted from the PC board 
in the lower left hand corner. The disadvantage of Soldering 
components to the PC board is that the components cannot 
be easily removed. The advantage, of course, is greater 
Structural integrity, lower cost and higher reliability. Sol 
dered PC boards are commonly used in production to ensure 
high reliability and quality and lower cost in the resulting 
product. 

0042. The lower right hand corner of the PC board 400 in 
FIG. 4a comprises a Solder pad configuration for the mount 
ing of electronic components on the programmable PC 
board. As shown in FIG. 4c, each pad, such as pad 402P 
R.C., is connected by an electrically conductive lead, Such as 
lead 407-R.C in FIG. 4c to a component hole (such as hole 
402-R.C in FIG. 4c) in the PC board to which a trace (not 
shown in FIGS. 4a or 4c but the same as trace 103-R.C 
shown in FIG. 1a) is electrically attached for connecting 
that component hole to a corresponding PIC hole (Such as 
hole 104-R.C in FIG. 1b) connected to programmable 
interconnect chip 405 on the programmable printed circuit 
board. The solder pads can be formed on programmable PC 
board 400 in accordance with the connection configuration 
of the components to be mounted on the board, Such as 
Surface mounted devices. 

0.043 FIG. 4b shows an end view of the structure shown 
in top view in FIG. 4a. Of importance, the Socketed PC 
board can use an adaptive Socket 407 of a type commonly 
known in the industry. For instance, appropriate Sockets are 
produced by Augat Interconnection Systems of 40 Perry 
Avenue, Attleboro, Mass. 02703 and are disclosed in Chap 
ter 7 of revision 5.0 of their July 1987 Engineering Design 
Guide. 

0044 FIG. 5 illustrates a single programmable intercon 
nect chip 505 placed on the center of programmable PC 
board 500. Electronic components 506-1 through 506-4 are 
mounted at various places on the programmable PC board 
500 and are interconnected by conductive traces, shown 
schematically as 503-1, 503-2, 503-3 and 503-4, to pro 
grammable interconnect chip 505. Programmable intercon 
nect chip 505, however, has two busses extending from it to 
ports on the edge of the printed circuit board. These ports 
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comprise a test port 508 for the transmission of test signals 
from an external Source Such as a computer to program 
mable interconnect chip 505 to test the state of each con 
ductive trace 503 coming into programmable interconnect 
chip 505 and a control port 509 for allowing control signals 
from an external Source Such as a computer to be transmitted 
to programmable interconnect chip 505 to control the con 
figuration of programmable interconnect chip 505. The two 
ports 508 and 509 can be actuated simultaneously such that 
the computer can determine that the proper Signals are 
present on selected traces connected to PIC 505 during the 
configuring of PIC 505 and during the operation of the 
system represented by FPPCB 500 and the attached elec 
tronic components 506-1 through 506-4 and PIC 505. 
0045. In general, the interconnection of one trace on the 
programmable PC board to another trace can be carried out 
in accordance with any one of a number of different archi 
tectures. FIGS. 6a and 6b illustrates a programmable inter 
connect chip 605 in accordance with this invention suitable 
for implementing the programmable interconnect function 
in the structures described above. In FIG. 6a the program 
mable interconnect chip 605 contains a plurality of cells 
606-1,1 through 606-S,T where S represents the number of 
rows of cells in the programmable interconnect chip 605 and 
T represents the number of columns cells in chip 605. Each 
cell has an array of electrically conductive pads 607-1,1 
through 607-M.N where M represents the number of rows of 
pads in the cell and N represents the number of columns of 
pads in the cell. Since each cell is identical in configuration, 
only the conductive pads 607 associated with cell 606-11 
will be described in detail with the understanding that the 
conductive pads associated with each of the other cells 
606-S,t (where S is an integer given by 1s SSS and t is an 
integer given by 1stsT) in chip 605 function identically. 
0046 FIG. 6b illustrates the configuration of cell 606-11 
and also of each of the other cells 606-S,t. In FIG. 6b 
horizontal conductive tracks 608-1 through 608-J (where J is 
an integer representing the maximum number of horizontal 
conductive tracks formed on programmable interconnect 
chip 605) are shown. In addition, vertical conductive tracks 
609-1 through 609-K are shown where K is an integer 
representing the maximum number of columns of conduc 
tive tracks formed on programmable interconnect chip 605. 
The horizontal conductive tracks 608-1 through 608-J are 
formed on one level of interconnections on chip 605 while 
the vertical conductive tracks 609-1 through 609-K are 
formed on a second level of interconnections on chip 605. 
Typically, these interconnections are formed in a manner 
well known in the Semiconductor processing arts and thus 
the method of forming these interconnections will not be 
discussed. The horizontal conductive leads 608-1 through 
608-J have differing lengths across the chip. The cell 606-1.1 
shown in the upper left hand corner of both FIG. 6a and 
FIG. 6b has a plurality of horizontal conductive leads 608 
originating in and extending from cell 606-1.1 to each of the 
other cells 606-12 through 606-1.T in the same row. Like 
wise, cell 606-1.1 has a plurality of vertical conductive leads 
609 extending from cell 606-1.1 to each of the other cells 
606-2.1 to 606-S.1 in the same vertical column. 

0047. The horizontal and vertical traces 608 and 609 have 
at each of their interSections a programmable connective 
Structure Such as for example, an antifuse. Typically, an 
antifuse comprises a capacitive Structure with a dielectric 
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capable of being broken down by the application of a 
Selected Voltage to provide a conductive path between the 
two plates of the capacitor. Antifuses are well known in the 
art and thus will not be described in detail. Other kinds of 
programmable elements can also be used depending upon 
design considerations. The Substrate of the programmable 
interconnect chip 605 has formed in it selected transistors to 
enable the programming of the antifuSe elements at Selected 
interSections in accordance with design requirements. 

0048. As shown in FIG. 6b, vertical leads 609-1 through 
609-K are formed on the programmable interconnect chip 
605 So as to extend at a minimum across one cell 606 and 
at a maximum acroSS all cells. Thus a plurality of Vertical 
leads 609 cross each cell with the length of leads varying 
from being Such as to extend acroSS just that cell to being 
Such as to extend acroSS all cells in a column. 

0049) Horizontal conductive leads 608-1 through 608-J 
likewise extend acroSS the programmable interconnect chip 
605. Again, the horizontal leads 608 extending across one 
cell vary in length Such that they extend acroSS only that one 
cell up to a length which will extend across all cells. In FIG. 
6b, breaklines are included to indicate that the Semiconduc 
tor chip 605 is only partially shown with interior portions of 
the chip having been removed for clarity. However, Some 
conductive leads break not because of the breaklines Show 
ing removal of Semiconductor material but rather because 
the conductive leads are intended to Stop at a given point. 
Small lines 618-1, 618-2 and 618-3 are drawn at the terminal 
points of a conductive lead perpendicular to that lead to 
indicate that the conductive lead is intended to terminate at 
those points. A horizontal conductive lead thus might com 
prise one conductive Segment each extending acroSS the 
whole chip 605 or a plurality of conductive segments 
extending acroSS a Section of the chip. Similarly, the vertical 
conductive leads likewise vary from one conductive lead 
which will extend across the entire height of the chip or two 
or more conductive Segments each extending acroSS a 
Selected portion of the chip. 

0050. The particular configuration of the conductive 
leads extending acroSS one cell and from that cell to adjacent 
cells depends upon an analysis of the electrical functions to 
be carried out by the programmable printed circuit board and 
is Selected using the most probable types of System require 
ments to be imposed on programmable interconnect chip 
605. This selection depends upon an analysis of the circuit 
functions to be performed by the programmable printed 
circuit board of this invention and thus the actual configu 
ration of the programmable interconnect chip is determined 
in light of the proposed uses for the programmable printed 
circuit board. 

0051) To interconnect a given lead corresponding for 
example to the lead 609-1 connected to pad Ain cell 606-1.1 
to a given lead corresponding to a different pad either in cell 
606-1.1 or in some different cell using the structure shown 
in FIG. 6b, an interconnection between the appropriate 
vertical conductor 609 and the appropriate horizontal con 
ductor 608 is formed. For example, to connect pad A to pad 
B (both in cell 606-1,1) the intersection of vertical lead 
609-1 and horizontal lead 608-1 is programmed by applying 
a high Voltage to this interSection in the circuit So as to break 
down the dielectric between these two points and form a 
conductive path therebetween. In addition, the interSection 

Jul. 19, 2001 

of vertical conductor 609-4 and horizontal conductor 608-1 
is also Subjected to a high Voltage to break down the 
insulation between these two leads to form an additional 
conductive path between these two leads. Thus, pad A is 
connected to pad B by conductors 609-1, 608-1 and 609-4. 
Should it be desired to connect pad Ato any other lead or pad 
then pad B will also be connected to that other lead or pad. 
However, Such a connection must be compatible with the 
circuit in order to be made. 

0052 FIG. 6b also illustrates the particular connections 
which must be formed to connect pad A to pad D, pad A to 
pad C or pad A to pad E. Should all of these connections be 
made then pads B, D, C and E will also be connected to each 
other through pad A. 

0053 FIG. 6c illustrates a programmable interconnect 
chip 605 utilizing a single croSS-point Switch matrix array. 
When the number of pads to be interconnected is quite small 
(e.g., on the order of 100 to 300) then the structure of FIG. 
6c has certain advantages of Simplicity and ease of fabrica 
tion. The structure shown in FIG. 6c is simpler than that 
shown in FIG. 6b in that each pad (such as pad A) is 
connected by a conductive trace (Such as conductive lead 
625-A) permanently to a vertical conductive lead (Such as 
lead 629-1. In addition, vertical conductive lead is perma 
nently connected by via 624-1 (as shown by the solid dot) to 
horizontal conductive line 628-1. Should it be desired to 
connect pad A to any other pad accessible by a vertical lead 
629 passing over or under horizontal lead 628-1, the circuit 
is programmed by applying a Voltage at the correct node 
(such as node 623-1) to form a conductive path between 
devised vertical and the horizontal leads (Such as horizontal 
lead 628-1 and vertical lead 629-4) thereby to connect pad 
A to pad B. Pad B is connected to vertical lead 629-4 by 
conductive trace 625-B. Note that each vertical line is 
permanently connected to one horizontal line 628 by a via 
(Such as via 624-1). This greatly simplifies the interconnec 
tion required to program the printed circuit board of this 
invention Since one pad can be connected to another by only 
one programming element. However, as the number of pads 
become large, this particular structure becomes relatively 
inefficient in its use of Space on the programmable inter 
connect chip 605. The total number of programming ele 
ments required equals the number of pads Squared. 

0054 FIG. 6d shows a variation of the structure in FIG. 
6c. Using the structure of FIG. 6d to interconnect pad A 
(which connects to a PIC hole such as hole 104-1,1 shown 
in FIG. 1b) to pad D (which connects to a similar PIC hole 
104) two programming elements must be programmed. 
Thus, the element at the intersection of vertical lead 639-1 
and horizontal lead 638-1 must be programmed as must the 
element at the intersection of vertical lead 639-(K-1) and 
horizontal lead 638-1. However, as shown in the structure of 
FIG. 6d, each conductive pad such as pad A or pad D is 
connected by means of a conductive trace Such as trace 
635-A to a vertical lead 639. The number of horizontal lead 
is in this embodiment, less than %the number of vertical 
leads because as each horizontal lead connects two pads 
whereas each vertical lead is connected directly to one pad 
only. Thus, the structure 6d has greater flexibility than that 
shown in FIG. 6c at the price of two programming elements 
per connection rather than one. The number of programming 
elements is 72the Square of the number of pads. AS the 
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number of pads become larger (for example above 200 to 
500 pads) this structure becomes relatively inefficient. 
0.055 FIG. 6e illustrates the single Switch cross-point 
matrix array of FIG. 6c with interconnections formed to 
connect pad 1,1 to pad 4.1. To do this, the interSection of the 
vertical lead V and the horizontal lead H is programmed 
as is the intersection of the vertical lead V and horizontal 
lead H. Thus, two elements have been programmed to 
connect pads 1,1 and 4.1. To connect pad 12 to pad 4.4, the 
programming elements at the interSection of the vertical lead 
V2, and the horizontal lead Ha and of the horizontal lead Ha 
and the vertical lead V are programmed. Note that as a 
convention in FIG. 6e, wherever the intersection of a 
Vertical and a horizontal lead are not shown to be electrically 
connected by a Solid dot, a programmable element (often 
shown by a hollow circle) will be present even though a 
hollow circle is not shown at Such interSection. 

0056 FIG. 7a shows in block diagram form the archi 
tecture of the programmable interconnect chip 605. The 
interior 605a of chip 605 contains the cells 606 (as described 
in conjunction with FIGS. 6a through 6e) and the horizontal 
and vertical tracks 608 and 609 respectively. In peripheral 
area 605b which forms an annular square around interior 
605a are placed control and programming circuits including 
shift registers for Selecting particular horizontal and vertical 
tracks the interSections of which are to be programmed. In 
addition, buffer circuitry for the testport bus and the control 
port bus are provided in this region of chip 605. Annular 
region 605c surrounds annular region 605b and contains 
additional circuitry essential to the operation of the chip 
Such as mode Selection circuitry which will determine 
whether the programmable interconnect chip is in the test 
mode, the operating mode or the programming mode. Addi 
tional Special circuitry as required will also be placed in 
peripheral region 605c. 
0057 FIG. 7b illustrates a programming structure and 
particularly programming transistors and circuits to Select 
the interSection to be programmed of horizontal and vertical 
conductive leads on the programmable interconnect chip 
using only two transistors in the programming circuit path. 
Utilization of the structure shown in FIG. 7b allows the 
programming current to reach into the hundreds of milli 
amps to amperes range necessary to break down the dielec 
tric between the vertical and horizontal conductive leads to 
form an interconnection therebetween with sufficiently low 
resistance. For example, to program the interSection of 
vertical conductive track V and horizontal conductive track 
H, transistors Q1 and Q2 are provided. Transistor Q1 has its 
gate connected to voltage Source VGP and transistor Q2 has 
its gate connected to a Voltage Source HGP. The Source of 
transistor Q1 is connected to vertical conductive track V1 
while the drain of transistor Q1 is connected to conductive 
lead VDP. The source of transistor Q2 is connected to 
horizontal lead H and the drain of transistor Q2 is connected 
to conductive lead HDP. To program the intersection of 
vertical lead V and horizontal lead H, VGP is applied to 
take the gate of Q1 to a high Voltage V, the gates of other 
transistors in the array Such as transistor Q3 is held at Zero 
volts and the drain voltage VDP1 on transistor Q1 is taken 
to V. However, the gate Voltage of Q4 is taken high 
because HGP is taken to a high voltage to turn on transistor 
Q2. However, the voltage on the drain of Q2 is taken to zero 
volts by driving HDP, to zero and HDP, which applies to the 
drain of Q4 is taken to zero 
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or to V over 2 (which voltage is selected So as not to 
program the programming element at the interSection of V 
and H. VP, the programming Voltage, is typically 15 to 50 
volts. V, which is applied to lead VGP, is larger than V 
by the transistor threshold Voltage and thus is approximately 
18 to 53 volts. Because the devices Q1 to Q4 operate under 
high Voltage, the threshold Voltage of these transistorS is 
made approximately 3 volts. As a result of the above 
described Voltages, only the programming element at the 
intersection of conductive lead segments H1 and V1 will 
receive the full programming voltage V and break down. 
0.058 FIG. 7c shows a bidirectional amplifying circuit 
capable of amplifying Signals coming in either direction 
depending upon control Signals applied to the input and 
output buffers contained within the circuitry. Thus, as shown 
in FIG. 7a, each pad on PIC 705 is connected to a special 
function test line (illustrated in FIG. 7c) and the special 
function test line is then capable of being connected to the 
test port by turning on the output buffer through a high level 
signal applied to the lead labeled S on the output buffer 
together with a high level enable Signal applied on the 
terminal labeled E. Simultaneously with the application of a 
high level signal on the lead labeled S to the output buffer, 
a low level Signal is applied to the lead labeled S to the input 
buffer thereby turning off the input buffer. Reverse polarity 
Signals applied to terminals S and S result in the input buffer 
turning on and the output buffer turning off thereby allowing 
a signal from the test port to be applied to the pad. The S and 
E Signals are transferred to the peripheral circuits in annular 
region 605B of FIG. 7a to select the pads on the PIC and the 
leads of the components on the FPPCB to connect to the test 
port. 

0059 FIGS. 8a and 8b illustrate structures for attaching 
the program interconnect chip such as chip 105 in FIG. 1 a 
to the PC board 100. FIG. 8a illustrates a program inter 
connect chip contains pads with metal bumps shown in an 
exploded view above the PIC holes (corresponding to holes 
104-1,1 through 104-R.C shown in FIG. 1b). A buffer 
medium comprising an elastomeric material which under 
pressure will conduct in the vertical direction but not the 
horizontal direction, is shown placed between the program 
interconnect chip and the PIC holes. The buffer medium 
could also be a carrier using button Springs of a type well 
known in the art. This medium is a good buffer between the 
Surface of the PIC and FFPPCB with their different Surface 
flatneSS and temperature coefficient. The particular structure 
to be used to attach the programmable interconnect chip to 
the programmable PC board will depend upon the design 
requirements for the particular System utilizing the combi 
nation of programmable PC board and programmable inter 
connect chip and cost considerations. 
0060 FIG. 8b shows an alternative structure for attach 
ing the programmable interconnect chip Such as chip 105 in 
FIG. 1a directly to a programmable printed circuit board 
such as board 100 in FIG.1a. In FIG.8b, the programmable 
interconnect chip has formed on one Surface thereof a 
conductive pad to Serve as an interface between a conductive 
element on the chip and a metal bump consisting of a Soft 
Solder Such as lead tin placed on a nickel bottom layer. 
Alternatively, the whole bump is made of indium. The nickel 
is used to give Strength to the bump. The programmable PC 
board has solder formed in the PIC hole so as to form a bump 
on the surface of the PC board to which the programmable 
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interconnect chip is to be attached. The PIC hole such as 
hole 104-r,c in FIG. 1b, is plated typically with copper to a 
selected thickness such as 1 mil. The solder bump will, when 
the programmable interconnect chip is brought into pressure 
contact with the Solder and the combined Structure heated, 
form a solid contact with the metal bump. The two materials 
will wet and become one thus firmly Securing and electri 
cally connecting the programmable interconnect chip to the 
programmable printed circuit board. Solder bumps are well 
known in the art and thus this structure will not be described 
in greater detail. Other Structures can be used to attach the 
programmable interconnect chip such as chip 105 in FIG. 1 a 
directly to a programmable printed circuit board Such as 
board 100 in FIG. 1a. Such structures include attachment of 
the PIC on the board and wire bonding of the pads on the 
PIC to the PIC holes. Any other structure known in the art 
to attach electronic components to a printed circuit board 
can be used with this invention and the structures described 
for this purpose are exemplary only. 
0061. In an alternative embodiment of this invention, a 
printed circuit board comprises a first portion containing 
conductive traces for interconnecting electronic components 
formed thereon without the use of a programmable inte 
grated circuit and a Second portion containing at least one 
programmable integrated circuit for interconnecting elec 
tronic components formed on at least the Second portion of 
the printed circuit board. Electronic components formed on 
the Second portion of the printed circuit board are in Some 
cases interconnected with the electronic circuit formed on 
the first portion of the printed circuit board by conductive 
traces. These conductive traces typically will run from the 
first portion of the printed circuit board to at least one 
programmable integrated circuit for interconnecting elec 
tronic components formed on the Second portion of the 
printed circuit board, thereby to electrically connect the 
Second portion of the printed circuitboard to the first portion 
of the printed circuit board. 

What is claimed is: 
1. Structure comprising: 
a printed circuit board containing a plurality of compo 

nent contacts for receipt of electronic components, 
a plurality of electrically conductive traces formed on Said 

printed circuit board, each trace being electrically con 
nected to a corresponding one of Said component 
contacts, and 

at least one integrated circuit mounted on a Selected 
portion of Said printed circuit board and containing a 
plurality of conductive leads, each of Said conductive 
leads being electrically connected to a corresponding 
one of Said electrically conductive traces formed on 
Said printed circuit board thereby to form an electrically 
conductive path from each of Said conductive contacts 
to the corresponding conductive leads on Said at least 
one integrated circuit, Said at least one integrated circuit 
being configurable by a user to interconnect Selected 
electrically conductive traces on Said printed circuit 
board to achieve a desired electrical function from the 
electronic components to be connected to Said printed 
circuit board. 

2. Structure as in claim 1 wherein Said printed circuit 
board contains more than one layer of conductive traces. 

Jul. 19, 2001 

3. Structure as in claim 1 wherein at least Some of Said 
plurality of electrical contacts comprise a plurality of holes 
in Said printed circuit board, each hole being appropriate for 
receipt of a conductive lead of an electronic component. 

4. Structure as in claim 3 wherein the interior Surface of 
each hole is plated with a conductive material. 

5. Structure as in claim 4 wherein the conductive material 
on the interior of each hole is electrically connected to a 
corresponding one of Said electrically conductive traces. 

6. Structure as in claim 1 including a multiplicity of 
electronic components mounted on Said printed circuit 
board, each electrical lead of Said electronic components 
each making contact with a corresponding electrical contact 
Selected from Said plurality of electrical contacts. 

7. Structure as in claim 6 wherein said at least one 
integrated circuit chip comprises one integrated circuit chip. 

8. Structure as in claim 1 wherein at least Some of Said 
electrical contacts on Said printed circuit board comprise 
pads, each pad being connected to a corresponding one of 
Said plurality of electrically conductive traces formed on 
Said printed circuit board. 

9. Structure as in claim 8 wherein each pad is connected 
by a conductive lead to a hole formed through Said printed 
circuit board, Said hole being plated on its interior Surface by 
a conductive material and Said hole being in electrical 
contact with a corresponding one of Said electrically con 
ductive traces formed on Said printed circuit board. 

10. Structure as in claim 1 wherein said printed circuit 
board comprises: 

a first portion thereof containing conductive traces for 
interconnecting electronic components formed thereon 
without the use of a programmable integrated circuit; 
and 

a Second portion thereof containing at least one program 
mable integrated circuit for interconnecting electronic 
components formed on at least Said Second portion of 
Said printed circuit board. 

11. A printed circuit board comprising: 
a multiplicity of first electrical contacts formed in Said 

printed circuit board for receipt of the leads of elec 
tronic components to be mounted on Said printed circuit 
board; 

a corresponding multiplicity of Second electrical contacts 
formed in a Selected region of Said printed circuit board 
for receipt of the leads on at least one package of at 
least one integrated circuit chip to be mounted on the 
printed circuit board for use in interconnecting Selected 
ones of Said multiplicity of first electrical contacts, and 

conductive traces formed on Said printed circuit board, 
each conductive trace uniquely interconnecting one 
first electrical contact to a corresponding Second elec 
trical contact. 

12. A printed circuit board as in claim 11 including at least 
one integrated circuit mounted thereon wherein Said at least 
one integrated circuit comprises a programmable circuit for 
interconnecting Selected conductive traces formed on Said 
printed circuit board thereby to form the electronic compo 
nents to be contained thereon into a Selected electrical 
circuit. 

13. Structure as in claim 12 including means for testing 
the State of Said at least one programmable integrated circuit 
to determine the State of the Signals on Said conductive 
traceS. 
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14. Structure as in claim 13 including means for trans 
mitting control Signals to Said at least one integrated circuit 
for controlling the configuration of Said at least one inte 
grated circuit So as to control the interconnection of the 
conductive traces formed on Said printed circuit board. 

15. Structure as in claim 14 including at least one pro 
grammable integrated circuit mounted on Said printed circuit 
board for interconnecting Selected traces formed on Said 
printed circuit board. 

16. Structure as in claim 15 wherein said printed circuit 
board comprises: 

a first portion thereof containing conductive traces for 
interconnecting electronic components formed thereon 
without the use of a programmable integrated circuit; 
and 

a Second portion thereof containing at least one program 
mable integrated circuit for interconnecting electronic 
components formed on at least Said Second portion of 
Said printed circuit board. 

17. A printed circuit board comprising: 
a multiplicity of component holes for receipt of leads of 

electronic components, 
a corresponding multiplicity of PIC holes for receipt of 

the leads on the package or packages of a program 
mable interconnect chip or chips, and 

one or more layers of conductive traces formed on Said 
printed circuit board, each conductive trace uniquely 
connecting one component hole to one PIC hole. 

18. Structure as in claim 17 wherein said printed circuit 
board comprises: 

a first portion thereof containing conductive traces for 
interconnecting electronic components formed thereon 
without the use of a programmable integrated circuit; 
and 

a Second portion thereof containing at least one program 
mable integrated circuit for interconnecting electronic 
components formed on at least Said Second portion of 
Said printed circuit board. 

19. The method of configuring an electronic System on a 
printed circuit board comprising the Steps of: 

creating a computer model of the programmable PC board 
containing a plurality of component contacts for receipt 
of the leads of electronic components to be mounted on 
Said printed circuit board, a corresponding plurality of 
PIC contacts for receipt of the leads of one or more 
programmable interconnect chips (“PIC") for use in 
interconnecting Selected electronic components and 
conductive traces, each conductive trace connecting 
one component contact to one PIC contact; 

Simulating the placement and routing of Select electronic 
components on the component contacts, 

Simulating the electrical performance of the System with 
the electrical components interconnected by the PIC; 

interconnecting the electronic components in a desired 
fashion by configuring the PIC to achieve such inter 
connection; 

determining the System performance and System charac 
teristics with the electronic components So intercon 
nected by Simulating and/or testing the System So 
interconnected; and 
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repeating the above Steps making those changes in place 
ment of electronic components as indicated to be 
required by the Simulation or test results until the above 
Steps yield an electronic System which yields the 
desired characteristics and functional performance. 

20. A programmable interconnect chip for use in inter 
connecting electronic components formed on a printed cir 
cuit board, Said chip comprising: 

a first set of conductive leads formed in a first direction 
across the Surface of Said chip, each of Said conductive 
leads comprising one or more conductive Segments, 
portions of Selected ones of Said Segments being con 
nected to pads on the Surface of Said programmable 
interconnect chip, each of Said pads being adapted for 
contact to a corresponding contact on the printed circuit 
board; 

a Second Set of conductors formed on Said programmable 
interconnect chip in a Second direction not parallel to 
Said first direction, each conductive lead in Said Second 
Set of conductive leads comprising one or more Seg 
ments, and 

means for electrically interconnecting Selected ones of 
Said conductive leads in Said first Set of conductive 
leads to one or more of Said conductive leads in Said 
Second Set of conductive leads. 

21. Structure as in claim 20 wherein Said programmable 
interconnect chip comprises: 

active transistor in Said programmable interconnect chip; 

means for electrically connecting Selected ones of the 
Segments of conductive leads in Said first Set of con 
ductive leads and in Said Second Set of conductive leads 
to programmable transistors in the Substrate of Said 
programmable interconnect chip; and 

means for programming Said programmable transistors in 
Said interconnect chip So as to turn on Selected ones of 
the transistors in Said programmable interconnect chip 
to form desired interconnections between Selected con 
tacts on Said printed circuit board. 

22. Structure as in claim 20 wherein said means for 
electrically interconnecting comprise a plurality of intercon 
nect Structures, each interconnect Structure comprising: 

a first conductive layer comprising a portion of the 
conductive Segment of a conductive lead in Said first Set 
of leads, 

a Second conductive layer comprising a portion of the 
conductive Segment of a conductive lead in Said Second 
Set of conductive leads, and 

dielectric formed between said first conductive lead and 
Said Second conductive lead, Said dielectric being 
capable of being made conductive by the application of 
a Selected Voltage thereto, thereby to form an electri 
cally conductive path from Said conductive Segment in 
Said first Set of conductive leads to Said conductive 
Segment in Said Second Set of conductive leads. 


