
WO 02/054371 PCT/SG01/00021  1 BREADBOARD USED FOR EDUCATIONAL PURPOSES
BACKGROUND OF THE INVENTION The invention relates to a breadboard for
building and displaying electronic circuits  used for educational purposes.
A breadboard used for building electronic circuits is a device which is
usually used  for designing, developing and testing electronic circuits.
The advantage of a breadboard  compared to other techniques for building an
electronic circuit is that a circuit can easily be  assembled, rebuilt and
disassembled. Therefore, developers of electronic circuits frequently  use
breadboards when they want to assemble test circuits in order to design and
improve  electronic circuits. However, a breadboard can also be used for
educational purposes. In this respect  breadboards are often used in
practical training courses for educating the art of electronics,  where the
students or pupils learn a singlehanded dealing with electronic components.
Another application for employing a breadboard for educational purposes is
to use a  breadboard in lectures or classes, where students or pupils
follow the professor or teacher  assembling an electronic circuit. US
3,514,872 discloses a device for building circuit arrangements comprising
an  assembly panel, a plurality of contact stations electrically isolated
from each other and  arranged as an equally spaced coordinated array on the
assembly panel, and each presenting  a plurality of contact surfaces and a
plurality of circuit components each for insertion WO 02/054371
PCT/SG01/00021  2 



between adjacent contact stations and including a mounting strip having on
its upper side a  legend denoting characteristics of a circuit components
element, a circuit component  element corresponding to the legend supported
underneath the mounting strip, and flexible  contact blades depending from
and projecting outwardly of the mounting strip in electrical  connection
with terminals of the circuit component element for making face-to-face
electrical mating contact with station contact surfaces, said mounting
strip being of a size  and shape so as to extend between the contact
stations and provide access to the upper ends  of the respective mating
contact blades and station contact surface, the mating flexible  contact
blades and station contact surfaces defining entry means at their upper
ends for the  probe of a measuring instrument. The object of the present
invention is to provide a breadboard for building and  displaying
electronic circuits used for educational purposes, which breadboard allows
a  convenient installation of active electronic components in an electronic
circuit. SUMMARY OF THE INVENTION In order to achieve the above described
object the present invention provides a  breadboard for building and
displaying electronic circuits used for educational purposes,  which
breadboard comprises a panel housing, an assembly panel attached to and
covering  the panel housing, a plurality of contact stations located on and
periodically distributed  over the assembly panel such that they form a
regular grid, which contact stations are  electrically isolated from each
other and capable of receiving electronic component blocks,  a plurality of
first power supply points located on and periodically distributed over the
assembly panel such that they form a regular grid, which first power supply
points are WO 02/054371 PCT/SG01/00021  3 



electrically connected to each other, and a plurality of second power
supply points located  on and periodically distributed over the assembly
panel such that they form a regular grid,  which second power supply points
are electrically connected to each other and the second  power supply
points are electrically isolated from the first power supply points,
wherein the  grids formed by the contact stations, the first power supply
points and the second power  supply points have the same periodicity. The
breadboard for building and displaying electronic circuits has the
advantage that  active electronic components can be conveniently installed
within an electronic circuit  assembled on the breadboard. In this respect
active electronic components are components  of an electronic circuit,
which are able to produce an output signal with more power in it  than the
input signal. The additional power comes from an external power source. It
is  important to note that these active components are characterized by a
power gain, i.e. a  gain of the product of voltage and current. Electronic
components like a step-up  transformer are no active components since they
produce only a voltage gain and are not  able to amplify power. It is
pointed out that the number of different types of power supply points which
are  located on the breadboard is not limited to two. According to the
present invention it is of  course also possible to employ three or more
different power supply groups to which  different voltage levels may be
applied. According to an embodiment of the invention the plurality of
contact stations, the  plurality of first power supply points and the
plurality of second power supply points form  a rectangular grid. The
arrangement of the contact stations and of the first and the second WO
02/054371 PCT/SG01/00021  4 



power supply points on a rectangular grid allows a clear and synoptic
assembly of  electronic circuits on the breadboard. According to a
preferred embodiment of the invention the contact stations, the first
power supply points and the second power supply points are distributed over
the assembly  panel such that the electronic component blocks can only be
inserted in the assembly panel  in a predetermined way. Using such a
predefined distribution of the contact stations and of  the first and the
second power supply points over the assembly panel has the benefit that
active as well as passive electronic component blocks can only be inserted
in a correct way  whereby a damaging of electronic component blocks can be
prevented. According to a further embodiment of the invention each contact
station comprises a  couple of contact points which are electrically
connected to each other and which are  capable of receiving the electronic
component blocks, wherein the number and the spatial  arrangement of the
contact points is the same for all contact stations. This arrangement of
contact points allows a convenient electrical connection between different
electronic  component blocks within an electronic circuit assembled on the
breadboard, because no  additional wires or jumpers are necessary to
connect the different electronic component  blocks. According to another
embodiment of the invention each contact station comprises  five contact
points, wherein one center contact point is located in the center of the
contact  station and four surrounding contact points are symmetrically and
equidistantly located  around the center contact point, wherein the contact
points are located along one of the two  directions defined by the grid.
This symmetrical distribution of four contact points around  one center
contact point allows an electrical connection between four electronic
component WO 02/054371 PCT/SG01/00021  



5 blocks, if one connection pin of each component block is inserted in one
of the four contact  points located around the center contact point.
Further on the voltage level can easily be  measured if a probe or a
contact pin of a voltmeter or an ammeter is connected to the center
contact point. According to another preferred embodiment of the invention
the center contact point  has a different shape than the surrounding
contact points. With a proper choice of the shape  of the center contact
point the electronic component blocks can only be inserted in the
surrounding contact points so that the center contact point is unoccupied
and, if requested,  a probe or a contact pin of a voltmeter or an ammeter
can always be connected to the center  contact point. According to a
further preferred embodiment of the present invention the breadboard  is
arranged in such a way that it can be combined with a further breadboard of
the same  type forming an expanded breadboard such that the spatial
periodicity of the contact  stations, of the first power supply points and
of the second power supply points are  conserved on the extended top
surface of the expanded breadboard. Therewith the  breadboard is a modular
breadboard and the breadboard can be used to form an expanded  breadboard
providing the opportunity to assemble larger electronic circuits. According
to a particular preferred embodiment the breadboard further comprises a
linking connector which is located at a side face of the panel housing and
which is  electrically connected to the first power supply points and to
the second power supply  points. Such a linking connector allows a
connection of two or more modular breadboards,  wherein the first and the
second power supply points of the breadboards are automatically  connected
to each other, respectively. 



WO 02/054371 PCT/SG01/00021  6 According to another embodiment of the
present invention the linking connector is  connectable to a power supply
source. This provides the opportunity to conveniently  connect a power
supply source with the first and second power supply points. Another
preferred embodiment of the invention provides a linking connector which is
capable of mechanically connecting the breadboard with the further
breadboard and/or with  the power supply source. Due to the usage of the
linking connector also for mechanically  connecting the breadboard with the
further breadboard and/or with the power supply source  there is no longer
a need for additional mechanical connectors. According to another preferred
embodiment the linking connector is capable of  electrically connecting the
first and the second power supply points of the breadboard with  the first
and the second power supply points of the further breadboard, respectively.
Therefore the linking connector enables the connection of two or more
modular  breadboards forming a extended breadboard, wherein the first and
the second power supply  points of the breadboards are automatically
connected to each other, respectively. According to another embodiment of
the invention the breadboard comprises one  linking connector or more
linking connectors at each side face of the panel housing. This  provides
the possibility to attach further breadboards at each side of the
breadboard. According to a further embodiment of the present invention the
linking connectors  are located at predefined positions such that an
improper connection of the breadboard with  the further breadboard or with
the power supply source is either impossible or visually  obviously wrong.
WO 02/054371 PCT/SG01/00021  



7 According to another embodiment of the invention the assembly panel
and/or the  panel housing are made out of an electrically isolating
material, in particular the assembly  panel and/or the panel housing can be
made out of synthetic resin. This has the advantage  that no special effort
is needed to electrically isolate the contact stations, the plurality of
first power supply points and the plurality of second power supply points
from each other. According to another preferred embodiment of the invention
the assembly panel is a  printed circuit board. Using a printed circuit
board is a very effective and economic way to  build a breadboard according
to the present invention. The invention also discloses a kit for building
and displaying electronic circuits used  for educational purposes with a
breadboard as described above and an electronic  component block comprising
a block housing, a component element which is received in  the block
housing and connection pins, which are received in the block housing and
which  are electrically connected to terminals of the component element.
Therefore the invention  also discloses the appropriate electronic
component blocks which are necessary to exploit  the benefits provided by
the breadboard according to the invention. According to an embodiment of
the invention the electronic component block further  comprises a legend
located on the block housing for denoting the characteristics of the
component element. The usage of such clearly visible legends on the block
housings of the  electronic component blocks makes it much easier to
recognize which type of electronic  components are used to assemble the
current electronic circuit. According to a preferred embodiment of the
invention the block housing comprises  holes to allow the insertion of
connection pins of a further electronic component block such WO 02/054371
PCT/SG01/00021  



8 that the further electronic component block can mechanically be connected
to the electronic  component block, and the connection pins are formed such
that, when the further electronic  component block is mechanically
connected to the electronic component block, the  connection pins of the
further electronic component block are also electrically connected to  the
connection pins. Using such specially designed electronic component blocks
allows to  increase the capacity of the breadboard according to the
invention because several  electronic component blocks can be attached
together, thus forming a stack of electronic  component blocks. Such a
stack of electronic component blocks can be inserted in the  same contact
points where usually only one electronic component block is inserted,
whereby not only the two-dimensional plane of the assembly panel is
utilized but also the  third dimension i.e. the space above the assembly
panel. Using this third dimension the  circuit diagram of the electronic
circuit assembled on the breadboard is still easy to  recognize even when
the circuit comprises many electronic component elements within a  narrow
space. It is pointed out that such a use of the third dimension (upwards)
to improve the  capacity of the breadboard does not compromise the visual
correlation between the  assembled circuit and the user's circuit diagram
since the parallel/series connections are  visually obvious. Further it is
emphasized that such a use of the third dimension (upwards) to improve  the
capacity of the breadboard is localized in the sense that only the
electronic component  blocks but not the whole or an additional breadboard
are built into the third dimension. According to another preferred
embodiment of the invention the kit further comprises  a serial connection
unit which, when connected between the contact stations of the 



WO 02/054371 PCT/SG01/00021  9 assembly panel and further electronic
component blocks, provides a serial electrical circuit  of the further
electronic component blocks. Such a serial connection unit has also the
advantage that, when a serial connection of component blocks is necessary,
the capacity of  the breadboard can effectively be increased. According to
another embodiment of the invention the electronic component block  further
comprises a first power supply connection pin which is received in the
block  housing and which is electrically connected to a terminal of the
component element and a  second power supply connection pin which is
received in the block housing and which is  electrically connected to
another terminal of the component element, wherein, when the  electronic
component block is attached to the assembly panel, the first power supply
connection pin is electrically connected to one of the first power supply
points and the  second power supply connection pin is electrically
connected to one of the second power  supply points. Using these
appropriate active electronic component blocks in particular  allows to
fully exploit the benefits provided by the first and by the second power
supply  points, which are located on and which are distributed over the
surface of the assembly  panel. According to a further preferred embodiment
of the present invention the component  element can comprise a conductive
wire, a crocodile clip, a resistor, a light bulb, a  capacitor, an
inductor, a diode, a transistor, a digital logic gate, an integrated
circuit, a  housing for an integrated circuit and/or a circuit comprising
several electrical and/or  electronic components. Thus, the component
elements according to the invention can  comprise all kinds of electronic
components such that all kinds of electronic circuits can  



easily be assembled. WO 02/054371 PCT/SGO1/00021  10 The invention further
discloses an electronic component block for being inserted in a  kit
described above, which electronic component block comprises a block
housing, a  component element which is received in the block housing,
connection pins which are  received in the block housing and which are
electrically connected to terminals of the  component element, a first
power supply connection pin which is received in the block  housing and
which is electrically connected to a terminal of the component element and
a  second power supply connection pin which is received in the block
housing and which is  electrically connected to another terminal of the
component element. The electronic  component block comprises all features
such that the benefit of the breadboard according  to the present invention
can be exploited. The above and other objects, features and advantages of
the present invention will  become apparent from the following description
and the appended claims, taken in  conjunction with the accompanying
drawing. BRIEF DESCRIPTION OF THE DRAWING Figure 1 shows a breadboard
according to a preferred embodiment of the present  invention. Figure 2a
shows a top perspective view of a passive electronic component block
according to an embodiment of the invention. Figure 2b shows a bottom
perspective view of the passive electronic component  block shown in
Fig.2a. WO 02/054371 PCT/SG01/00021  



11 Figure 3a shows a top perspective view of an active electronic component
block  according to an embodiment of the invention. Figure 3b shows a
bottom perspective view of the active electronic component block  shown in
Fig.3a. Figure 4a shows a top perspective view of a passive electronic
component block  comprising a capacitor according to an embodiment of the
invention. Figure 4b shows a top perspective view of a passive electronic
component block  comprising a wire according to an embodiment of the
invention. Figure 4c shows a top perspective view of an active electronic
component block  comprising an operational amplifier according to an
embodiment of the invention. Figure 4d shows a top perspective view of a
passive electronic component block  comprising a cross link according to an
embodiment of the invention. Figure 4e shows a top perspective view of a
passive electronic component block  comprising two switches according to an
embodiment of the invention. Figure 4f shows a top perspective view of a
passive electronic component block  comprising a socket for receiving an
integrated circuit according to an embodiment of the  invention. WO
02/054371 PCT/SG01/00021  12 Figure 5 shows a top perspective view of two
component blocks which are to be  connected together leading to a parallel
connection of the two component blocks  comprising two electronic elements.
Figure 6 shows a top perspective view of three component blocks which are
to be  



connected together leading to a parallel connection of the three component
blocks  comprising three electronic elements. Figure 7 shows a top
perspective view of a serial connection of three component  blocks
employing a serial connection unit according to the present invention.
Figure 8 shows a top perspective view of a serial connection of five
component  blocks employing two serial connection units according to the
present invention.  DETAILED DESCRIPTION OF THE INVENTION In the following
a preferred embodiment of the present invention is described with
reference to Fig.l. The breadboard 100 according to the present invention
comprises a  panel housing 101, which has the outer shape of a rectangular
parallelepiped. The panel  housing 101 is made out of an isolating material
e.g. synthetic resin. According to the  preferred embodiment of the
invention the panel housing 101 is a plastic mold, wherein the  top of the
mold is empty and used for housing the assembly panel 102. Using an
isolating  material for the panel housing 101 reduces the risk of creating
a shortcut when a circuit is  assembled on the breadboard 100. On the panel
housing 101 there is attached an assembly  panel 102. The panel housing 101
is used to support the assembly panel 102. According to  this preferred
embodiment the assembly panel 102 is a printed circuit board which is WO
02/054371 PCT/SG01/00021  13 commonly available in most shops selling
electronics. Therefore using a usual printed  circuit board as the assembly
panel 102 according to the invention is a very economical  way to produce
the breadboard 100. On the surface of the assembly panel 102 there are
located a plurality of contact  stations 103, which are periodically
distributed over the assembly panel 102. The contact  



stations 103 are arranged as an equally spaced coordinated array such that
their locations  form a rectangular grid. Each contact station 103 is
electrically isolated from any other  contact station 103. Each of the
contact stations 103 comprises a plurality of five contact points 104, 105,
106, 107, 108, which are electrically connected to each other. The
conductible connection  between the five contact points 104, 105, 106, 107,
108 is visually indicated with the lines  109, which are printed on the
assembly panel 102. According to the described embodiment  of the
invention, each contact station 103 includes one center contact point 108
located in  the center of the contact station 103 and four surrounding
contact points 104, 105, 106, 107  symmetrically and equidistantly located
around the center contact point 108, wherein the  contact points 105, 108,
107 are located along one direction defined by the rectangular grid  and
the contact points 104, 108, 106 are located along the other direction
defined by the  rectangular grid, wherein the two directions defined by the
rectangular grid are  perpendicular to each other. The contact points 104,
105, 106, 107, 108 are plated-through holes in the printed  circuit board.
The surrounding contact points 104, 105, 106, 107 are used for connecting
terminals of electronic component blocks, which are used to set up an
electronic circuit on  the breadboard 100. The properties and features of
such electronic component blocks will WO 02/054371 PCT/SG01/00021  14 be
described later. The center contact point 108 can be used to connect a
terminal of a  voltage or current sensor or probe i.e. a voltmeter or
ammeter. It is preferred that the shape  of the hole of the center contact
point 108 differs from the form of the holes of the  surrounding contact
points 104, 105, 106, 107. Thereby it is ensured that only a terminal of  



a voltage or current sensor or probe can be inserted into the hole of the
center contact point  108. The assembly panel 102 further comprises a
plurality of first power supply points 110  located on and periodically
distributed over the assembly panel 102 such that they form a  rectangular
grid, wherein the first power supply points 110 are electrically connected
to  each other. Moreover, the assembly panel 102 comprises a plurality of
second power  supply points 111 which are also located on and periodically
distributed over the assembly  panel 102 such that they form a rectangular
grid, wherein the second power supply points  111 are electrically
connected to each other. In order not to confuse the user, the power
supply points are not visually connected to each other. The group of first
power supply  points 110 is isolated from the group of second power supply
points 111, the group of first  power supply points 110 is isolated from
the contact stations 103 and the group of second  power supply points 111
is also isolated from the contact stations 103. According to the present
invention the power supply points 110, 111 are used to  transport
electrical power to active electronic component blocks provided by power
supply  source which is connected to the power supply points 110, 111.
Details on the active and  passive electronic component blocks will be
described later. As can be seen from Fig.l the periodicity of the three
grids defined by the contact  stations 103, the first power supply points
110 and the second power supply points 111 is WO 02/054371 PCT/SG01/00021
15 the same. The same periodicity for these three grids provides the basis
for the following  two advantageous features of the breadboard 100: 1. The
three grids are spatially shifted with respect to each other causing the
distances  



between the contact points 104, 105, 106, 107, 108 and the first and second
power supply  points 110, 111 to be such that, if appropriate electronic
component blocks are used, it is  not possible to insert the electronic
component blocks in a wrong way. 2. The length and the width of the
breadboard 100 are both an integral multiple of the  period of the three
grids defined by the contact stations 103, the first power supply points
110 and the second power supply points 111. Therefore it is possible to
arrange the contact  stations 103, the first power supply points 110 and
the second power supply points 111  with respect to the assembly panel 102
such that, when two or more breadboards 100 are  placed next to each other,
the periodicity of the contact stations 103, the first power supply  points
110 and the second power supply points 111 is conserved. A breadboard 100
with  such geometric features is a modular breadboard 100, because it can
be combined with  further modular breadboards 100 such that it is possible
to insert electronic component  blocks across two breadboards 100.
According to the present invention the breadboard 100 further comprises
linking  connectors which are developed at the side faces of the panel
housing 101. As one can see  from Fig.1 each side face of the panel housing
101 comprises two linking connectors. Due  to the perspective view of Fig.1
only four linking connectors 112, 113, 114, 115 out of  totally eight
provided linking connectors can be seen. According to the preferred
embodiment described herein the linking connectors 112, 113, 114, 115
comply two  different tasks: WO 02/054371 PCT/SG01/00021  16 1. The linking
connectors 112, 114 and 113, 115 provide electrical connections with  the
first and the second power supply points 110, 111, respectively. 



2. The linking connectors 112, 113, 114, 115 provide a mechanical
connection with a  further breadboard, which is placed next to the
breadboard 100. Thereby an expanded  breadboard consisting of several
modular breadboards 100 is assembled. The linking connectors 112, 114 and
113, 115 provide an elegant possibility to  supply electrical power to the
first and the second power supply points 110, 111,  respectively. According
to the present invention this is achieved with a power supply  source (not
shown), which is connected to the breadboard 100 such that one output of
the  power supply source is connected with the first linking connector
(e.g. 112) and the other  output of the power supply source is connected
with the second linking connector (e.g.  113), wherein both linking
connectors (e.g. 112, 113) are located at the same side face of  the panel
housing 101 facing the two outputs of the power supply source. The usage of
the  linking connectors according to the invention makes sure, that when
the breadboard 100 is  powered up (i.e. the first and the second power
supply points 110, 111 are connected to the  power supply source), the
first and the second power supply points located on a further  breadboard
will automatically also be powered up at the same time when the second
breadboard 100 is mechanically connected to the first breadboard 100. It is
pointed out that it is not requisite that the first power supply points are
connected  to a first linking connector and the second power supply points
are connected to a second  linking connector. Since there are a diversity
of linking connectors available comprising at  least two connection
surfaces the electrical connection between the first power supply  points
located on different breadboards as well as the electrical connection
between the WO 02/054371 PCT/SG01/00021  17 second power supply points
located on different breadboards can also easily be achieved  



with a single linking connector comprising at least two connection
surfaces. It is clear that  the electrical connection between the two
outputs of a power supply source and the  breadboard 100 can also be
achieved with a single linking connector. For most cases, in particular
when TTL (transistor-transistor-logic) electronic  components are employed
to build up an electronic circuit, it is advantageous to use a  power
supply source which provides the two voltage levels 0 volt and +5 volt. At
this point it is emphasized that it is of course possible to employ three
or more  different types of power supply groups, which are located on the
assembly panel 102.  According to a preferred embodiment of the invention
there are located three different  types of power supply points to which
the voltage levels of -3 volt, 0 volt and +3 volt or  0 volt, +3 volt and
+5 volt are applied. In case of employing five different types of power
supply points the preferred voltage levels -5 volt, -3 volt, 0 volt, +3
volt and +5 volt may  be applied. According to another embodiment of the
invention the linking connectors located at  the side faces of the panel
housing 101 are all of the same type such that an electrical  connection
between the two linking connectors of two breadboards arranged side-by-side
is  only achieved when a support connector is inserted between the linking
connectors of the  two breadboards. The usage of such a linking connector
has the advantage that, if the first  breadboard is already powered up by
an external power supply, by inserting one end of the  support connector to
the linking connector of the first breadboard and the other end of the
support connector to the linking connector of the adjacent second
breadboard, the adjacent WO 02/054371 PCT/SG01/00021  18 second breadboard
will be automatically powered up at the same time the adjacent second  



breadboard is mechanically connected to the first breadboard. According to
a further preferred embodiment of the invention the linking connectors
112, 113, 114, 115 are RCA-sockets and the support connector is a RCA
pin-to-pin  connector. The RCA sockets have each two connection surfaces,
wherein one of the  connection surfaces is used to connect the +5 volt
power supply points and the other  connection surface is used to connect
the 0 volt power supply points with the  corresponding output of the power
supply source. According to the embodiment shown in Fig.l the distances and
the locations of the  two linking connectors 112, 114 and 113, 115 mounted
in holes located in each side face of  the panel housing 101 are chosen
such that an improper connection of two breadboards is  either impossible
or obviously wrong for the user. In the following we will focus on the
electronic components which can be used  together with the breadboard 100.
Fig.l shows how a passive electronic component block  116 and an active
electronic component block 117 are properly inserted into the breadboard
100. Fig.2a and Fig.2b show a top and a bottom perspective view of a
resistor component  block as an example of a passive electronic component
block 200 according to an  embodiment of the invention. The passive
electronic component block 200 comprises a  block housing 201, an
electronic passive component element (not shown), which is  received in the
block housing 201 and connection pins 202, 203, which are received in the
WO 02/054371 PCT/SG01/00021  19 block housing 201 and which are
electrically connected to the terminals of the passive  component element. 



According to a preferred embodiment of the present invention the passive
electronic  component block 200 further comprises a mounting strip 204
whereon the electronic  component element and the block housing 201 are
mounted. The connection pins 202, 203  are also mounted to the mounting
strip 204. On the block housing 201 there is printed a  legend 205
indicating the type and the value of the electronic element included in the
passive electronic component block 200. According to the preferred
embodiment described hereinafter the distance between  the two connection
pins 202, 203 is chosen such that the electronic component block can  only
be inserted in two contact points belonging to two different contact
stations 103,  wherein the distance between the two contact points is
minimal under all distances between  the contact points of the two
different contact stations. This ensures that, in case only the
two-dimensional plane of the assembly panel 102 is utilized to assemble an
electronic  circuit, each contact station 103 can be used to electrically
connect a maximum of four  electronic component blocks simultaneously,
wherein in addition the voltage level of the  contact station 103 can be
measured at the center contact point 108 without disconnecting  one of the
connected electronic component blocks. If the electronic component blocks
are  stacked over each other thereby utilizing the third dimension, i.e.
the space above the  assembly panel 102 to assemble an electronic circuit
on the breadboard 100, even more  than four electronic component blocks can
simultaneously be connected to a contact station  103. It is pointed out
that there is no principal limit for the number of component blocks  which
may be connected to a contact station 103. WO 02/054371 PCT/SGO1/00021  20
Fig.3a and Fig.3b show a top and a bottom perspective view of an electronic



component block comprising a digital logical AND-gate as an example of an
active  electronic component block 300 according to an embodiment of the
invention. The active  electronic component block 300 comprises a block
housing 301, an active electronic  component element (not shown), which is
received in the block housing 301 and  connection pins 302, 303, 304, 305,
306, 307 which are received in the block housing 301.  The connection pins
302, 305 are connected to the input terminals of the AND-gate  received in
the block housing 301. The connection pin 303 is connected to the output of
the  AND-gate. The connection pin 304 is not connected to any terminal of
the AND-gate  representing the active electronic component element and is
just used to ensure a secure  mechanical contact between the electronic
component block and the breadboard 100. The  connection pins 306 and 307
are connected to the +5 volt terminal and to the 0 volt  terminal of the
AND-gate. Therefore, when the active electronic component block is
inserted properly, the +5 volt terminal and the 0 volt terminal of the
AND-gate is  connected to one of the first power supply points 110 and to
one of the second power  supply points 111, respectively. According to a
preferred embodiment of the present invention the active electronic
component block 300 further comprises a mounting strip 308 whereon the
active electronic  component element and the block housing 301 are mounted.
The connection pins 302, 303,  304, 305, 306, 307 are also mounted to the
mounting strip 308. On the block housing 301  there is printed a legend 309
indicating the type and the terminals of the active electronic  element
(AND-gate) included in the electronic component block 300. For teaching
purposes, the 0 volt and the 5 volt terminals of the AND-gate are not
indicated on the  legend. WO 02/054371 PCT/SG01/00021  



21 As described above, the distances between the connection pins 302, 303,
304, 305,  306, 307 are chosen such that the active electronic component
block 300 can only be  inserted correctly in the breadboard 100. Therefore,
it is ensured that no electronic  component block can be damaged because of
a wrong connection with power supply points  110, 111. The appropriate
choice of the distances between the connection pins 302, 303,  304, 305,
306, 307 ensures that, in case only the two-dimensional plane of the
assembly  panel 102 is utilized to assemble an electronic circuit, each
contact station 103 can be used  to electrically connect a maximum of four
electronic component blocks simultaneously,  wherein in addition the
voltage level of the contact station can be measured at the center  contact
point 108 without disconnecting one of the connected electronic component
blocks. In the following, there will be introduced a few examples of active
and passive  electronic elements which can be received in electronic
component blocks according to the  present invention. It is pointed out
that the following set only describes a few examples and  that it is not
intended to give an entire listing of electronic components which can be
included in the electronic component block according to the present
invention. The figures 4a, 4b, 4c, 4d, 4e and 4f show all top perspective
views of electronic  component blocks comprising electronic elements
according to the present invention. Fig.  4a shows a capacitor component
block 400 comprising a capacitor, Fig.4b shows a wire  component block 410
comprising a simple wire, Fig.4c shows an operational amplifier  component
block (active element) 420 comprising an operational amplifier, Fig.4d
shows a  cross link component block 430 comprising two simple wires, Fig.4e
shows a passive  electronic component block 440 comprising two independent
mechanical switches and  Fig.4f shows a socket 451 for receiving an
integrated circuit, which socket 451 is attached 



WO 02/054371 PCT/SG01/00021  22 in a passive electronic component block
450. Since the electronic component blocks 400,  410, 420, 430, 440, 450
shown in Fig.4a, Fig.4b, Fig.4c, Fig.4d, Fig.4e and Fig.4f are  assembled
in the same way as the electronic component blocks shown in Fig.2a, Fig.2b,
Fig.3a and Fig.3b, a detailed description thereof will be omitted. At this
point it is mentioned that according to the present invention also larger
electronic component blocks can be used which comprise e.g. multiple-input
and/or  multiple-output component elements. In such a case it is often
preferred that the larger  electronic component blocks span across more
than 2x2 contact stations in order to have  enough space to receive also
very large electronic component elements and/or terminals for  connecting
the large electronic component blocks with other external electronic
devices. Another way to cater for large electronic component elements is to
provide specially  built cables, wherein one end of the cable is a
connection pin and the other end of the cable  is a crocodile clip. To
electrically connect such a large electronic component element with  the
breadboard 100 one end of the large electronic component element will be
connected to  the crocodile clip of a special cable whose connection pin is
inserted into a contact station  103 of the breadboard. The other end of
the large electronic component element will be  connected to the crocodile
clip of a second special cable whose connection pin is inserted  into a
second contact station 103 of the breadboard 100. Fig.5 shows a top
perspective view of two component blocks 500, 520 which are to  be
connected together leading to a parallel connection of the two electronic
elements  received in the two component blocks. The upper electronic
component block 500  comprises a resistor while the lower electronic
component block 520 comprises a  



capacitor. WO 02/054371 PCT/SG01/00021  23 Each of the two component blocks
500 and 520 comprise two holes 501, 502 and  521, 522 located on their
upper side. The holes 501, 502, 521, 522 are formed in order to  enable
connection pins of other passive component blocks to be inserted such that
the  connection pins of other passive component blocks provide an
electrical contact with the  connection pins 503, 504, 523, 524. Thereby a
parallel connection of the component blocks  500, 520 can be easily
obtained when the component block 500 is moved with respect to  the
component block 520 in the direction indicated by the arrow 550. The
parallel connection of the two component blocks 500, 520 leads to a RC-
component which is well known from basic analog electronics. Since the two
electronic  component blocks 500, 520 are assembled in the same way as the
electronic component  block shown in Fig.2a and Fig.2b a detailed
description will be omitted in order not to  repeat the same description.
Fig.6 shows a top perspective view of three component blocks 601, 602, 603
which  are to be connected together leading to a parallel connection of the
three electronic  elements received in the three component blocks. The
upper and the middle electronic  component blocks 601 and 602 each
comprises a resistor while the lower electronic  component block 603
comprises a capacitor. The parallel connection of the three  component
blocks 601, 602 and 603 again leads to a RC-component. For the sake of
conciseness a detailed description of Fig.6 will be omitted. Fig.7 shows a
top perspective view of a serial connection of three component blocks  702,
703 and 704 employing a serial connection unit 701. The serial connection
unit 701  



comprises a block housing 720, two connection pins 705 and 706 and six
insertion holes.  Due to the perspective view only four insertion holes
721, 722, 723, 724 from the six WO 02/054371 PCT/SG01/00021  24 insertion
holes can be seen in Fig.7. The six insertion holes are located in pairs on
three  side surfaces of the serial connection unit 701. The six insertion
holes are formed in order  to enable connection pins of other passive
component blocks to be inserted such that the  connection pins of other
three passive component blocks provide an electrical contact such  that a
serial connection of the other three passive component blocks can be
achieved when  the component blocks 702, 703 and 704 are moved with respect
to the serial connection  unit 701 in the direction indicated by the arrows
707. Therefore, if the three component  blocks 702, 703 and 704 are
assembled together as depicted by the arrows 707 the  impedance between the
two connection pins 705 and 706 corresponds to the series  impedance of the
three electronic component blocks 702, 703 and 704. Fig.8 shows a top
perspective view of a serial connection of five component blocks  803, 804,
805, 806 and 807 employing two serial connection units 801 and 802. If the
five  component blocks 803, 804, 805, 806 and 807 are assembled together as
depicted by the  arrows 810 the impedance between the two connection pins
808 and 809 corresponds to the  series impedance of the five electronic
component blocks 803, 804, 805, 806 and 807. WO 02/054371 PCT/SG01/00021
25  What is claimed is: 1 Breadboard for building and displaying electronic
circuits used for educational  purposes comprising 



a panel housing,  an assembly panel attached to and covering the panel
housing,  a plurality of contact stations located on and periodically
distributed over the  assembly panel such that they form a regular grid,
which contact stations are o electrically isolated from each other and o
capable of receiving electronic component blocks,  a plurality of first
power supply points located on and periodically distributed over  the
assembly panel such that they form a regular grid, which first power supply
points are electrically connected to each other, and  a plurality of second
power supply points located on and periodically distributed  over the
assembly panel such that they form a regular grid, which second power
supply points are electrically connected to each other and the second power
supply points are electrically isolated from the first power supply
points, wherein  the grids formed by the contact stations, the first power
supply points and the second  power supply points have the same
periodicity. 2. Breadboard according to claim 1 wherein the plurality of
contact stations, the  plurality of first power supply points and the
plurality of second power supply points  form a rectangular grid. WO
02/054371 PCT/SG01/00021  26 3. Breadboard according to claim 1 wherein the
contact stations, the first power supply  points and the second power
supply points are distributed over the assembly panel  



such that the electronic component blocks can only be inserted in the
assembly panel  in a predetermined way. 4. Breadboard according to claim 1
wherein each contact station comprises a couple of  contact points  which
are electrically connected to each other and  which are capable of
receiving the electronic component blocks,  wherein  the number and the
spatial arrangement of the contact points is the same for all  contact
stations. 5. Breadboard according to claim 4 wherein each contact station
comprises five contact  points, wherein  one center contact point is
located in the center of the contact station and  four surrounding contact
points are symmetrically and equidistantly located around  the center
contact point, wherein the contact points are located along one of the two
directions defined by the  grid. 6. Breadboard according to claim 5 wherein
the center contact point has a different  shape than the surrounding
contact points. 7. Breadboard according to claim 1 which is arranged in
such a way that it can be  combined with a further breadboard of the same
type forming an expanded WO 02/054371 PCT/SG01/00021  27 breadboard such
that the spatial periodicity of the of contact stations, the first power
supply points and the second power supply points is conserved on the
extended top  



surface of the expanded breadboard. 8. Breadboard according to claim 7
further comprising  a linking connector which is located at a side face of
the panel housing and which  is electrically connected to the first power
supply points and to the second power  supply points. 9. Breadboard
according to claim 8 wherein the linking connector is connectable to a
power supply source. 10. Breadboard according to claim 8 wherein the
linking connector is capable of  mechanically connecting the breadboard
with the further breadboard and/or with the  power supply source. 11.
Breadboard according to claim 8 wherein the linking connector is capable of
electrically connecting the first and the second power supply points of the
breadboard with the first and the  second power supply points of the
further breadboard, respectively. 12. Breadboard according to claim 8
comprising one linking connector or more linking  connectors at each side
face of the panel housing. 13. Breadboard according to claim 12 wherein the
linking connectors are located at  predefined positions. WO 02/054371
PCT/SG01/00021  28 14. Breadboard according to claim 1 wherein the assembly
panel and/or the panel  housing are made out of an electrically isolating
material. 15. Breadboard according to claim 1 wherein the assembly panel
and/or the panel  housing are a made out of synthetic resin. 



16. Breadboard according to claim 1 wherein the assembly panel is a printed
circuit  board. 17. Kit for building and displaying electronic circuits
used for educational purposes with  a breadboard according to one of the
claims 1 to 16 and  an electronic component block comprising   a block
housing,  a component element which is received in the block housing and
connection pins, which are received in the block housing and which are
electrically  connected to terminals of the component element. 18. Kit
according to claim 17 wherein the electronic component block further
comprises  a legend located on the block housing for denoting the
characteristics of the  component element. 19. Kit according to claim 17
wherein  the block housing comprises holes to allow the insertion of
connection pins of a  further electronic component block such that the
further electronic component block  can mechanically be connected to the
electronic component block, and WO 02/054371 PCT/SG01/00021  29  the
connection pins are formed such that, when the further electronic component
block is mechanically connected to the electronic component block, the
connection  pins of the further electronic component block are electrically
connected to the  connection pins. 20. Kit according to claim 17 further
comprising a serial connection unit which, when  



connected between the contact stations of the assembly panel and further
electronic  component blocks, provides a serial electrical circuit of the
further electronic  component blocks. 21. Kit according to claim 17 wherein
the electronic component block further comprises   a first power supply
connection pin which is received in the block housing and  which is
electrically connected to a terminal of the component element and  a second
power supply connection pin which is received in the block housing and
which is electrically connected to another terminal of the component
element,  wherein, when the electronic component block is attached to the
assembly panel, o the first power supply connection pin is electrically
connected to one of the first  power supply points and o the second power
supply connection pin is electrically connected to one of the  second power
supply points. 22. Kit according to claim 17 wherein the component element
comprises a conductive  wire, a crocodile clip, a resistor, a light bulb, a
capacitor, an inductor, a diode, a  transistor, a digital logic gate, an
integrated circuit, a housing for an integrated circuit  and/or a circuit
comprising several electrical and/or electronic components. WO 02/054371
PCT/SG01/00021  30 23. Electronic component block for being inserted in a
kit according to claim 17 to 22,  comprising  a block housing,  a component
element which is received in the block housing, 



connection pins which are received in the block housing and which are
electrically  connected to terminals of the component element,  a first
power supply connection pin which is received in the block housing and
which is electrically connected to a terminal of the component element and
a second power supply connection pin which is received in the block housing
and  which is electrically connected to another terminal of the component
element. 


