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by using individually integrated circuits 3 52
on a wafer substrate and generating an 0\ 1(3] .{43 a4 el 4
electrically ordered matrix of functional —] 4043a1 . 1
integrated circuits assigned from a ] ] [-42 48—~ 49 50
random distribution of functional, { 722 Llesi34 A 45‘#& /
partially functional, and non-functional t RCS! 35,°37 | 4&{3 \
circuits. Each circuit (44, 52) is M RCsI' 36y (38 | a7l )
individually tested for functionality and f'33—, 139

thereafter a conductive grid (34, 35, 36) - FlG.__4a.

is formed on said wafer to interconnect

all of the circuits on the wafer. Circuits
(52) that are tested as being
non-functional are isolated prior to
formation of the interconnecting grid by
eliminating fuses (48, 49, 50) that
provide connections between the
defective circuit and pads (45, 46, 47)
connected to the conductive grid. Each
matrix row includes redundant decoder
lines (35, 36). The redundant decoder
lines are programmed to reassign
functional circuits from a
semiconductor wafer substrate location
to a matrix row location in another
matrix row having defective circuits. In
this way, complete functional matrix
rows are formed. Associated input and
output lines are assigned in a similar
manner to a correct bit position within
aninput and output byte.
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SPECIFICATION
Matrix of functional circuits on a semiconductor wafer substrate

The present invention relates to the fabrication and use of integrated circuits, and more particularly, to the
mapping of a matrix of functional integrated circuits formed on a semiconductor wafer substrate.

Several techniques have been developed to increase circuit integration by interconnection of functional
and non-functional circuits. One such technique, referred to as “discretionary wiring”, includes individual
testing of circuits formed on the water, mapping of functional circuits, and formation under computer control
of unique metal interconnections for that particular wafer. A mask is used to form a unique metal
interconnecting layer that interconnects only the functional circuits. Disadvantages of this tecnhique include
the cost of producing a custom mask for each individual wafer and the requirement of a subsequent
metallization step that may introduced additional defects, making the wafer completely nonfunctional. As a
result, the cost and effort of making the wafer and of generating the custom mask, which is only useful in
conjunction with that particular wafer is wasted.

Another technique for increasing circuit integration is disclosed by Russel, et al. in U.S. Patent 4,122,540.
This technique consists of making individual circuits with interconnecting leads and arranging the circuits
along an interconnecting grid. Individual circuits are connected to or disconnected from the interconnecting
grid according to the circuit’s functionality. In contrast to “discretionary wiring”, this technique does not
require additional processing steps. However, an orthogonal interconnecting grid must be provided on two
layers of materials. That is, at least two layers of metal or corinect planes are needed for the grid’s horizontal
and vertical lead lines.

Another disadvantage of the Russell, et al. technique is that a limit is placed on the use of individual
functional circuits. Because the circuits are wired in a predetermined manner, ultralarge scale integration
may not be complete if there are less than the required number of functional circuits available along a grid
line. For example, in a 14 x 14 matrix of 196 circuits that when integrated yields a 9 x 8 matrix of 72
functional circuits, it is possible that the 72 required functional circuits may not fall at the required locations
on the grid. That is, the 72 functional circuits may be distributed so that they do not make a 9 X 8 matrix.
Thus, the final product may not be a working product having a 9 X 8 matrix.

The Russell, et al. technique requires significantly more than the required number of functional circuits.
For example, 100 functional circuits may be required to form a 9 X 8 matrix of 72 functional circuits. This is
due to the imposition of a wiring grid and lack of flexibility of subsequent wiring (after testing). Russell, et al.
eliminates the subsequent metallization step and custom metal mask required by ““discretionary wiring”’ by
"wasting’’ functional circuits.

Another problem with the Russell, et al. technique is the difficulty of testing individual circuits in the
presence of the interconnecting grid. To adequately test these circuits without one interfering with results
obtained for another, the interconnecting grid must be disconnected from the circuit being tested. The
interconnecting grid must thereafter become very low impedance after programming.

Another technique for wafer level integration is given by Chesley in U.S. Patent 4,038,648. Chesley
provides for bypassing non-functional bits of a device through the use of electrical latches. Such technique
requires resetting the latches each time the device is powered up. Accordingly, an additional diagnostic and
test program is required to reset the latches on power up. Such technique is generally not practical and has
the further disadvantage in that the individual circuits are not physically isolated for testing.

The invention accordingly provides a method of providing an electrical matrix of functional circuits from a
random distribution of functional and non-functional circuits formed on a semiconductor wafer substrate,
comprising the steps of:

testing each completely isolated circuit for functionality;

isolating non-functional circuits by eliminating connections between said non-functional circuits and
interconnecting grid pads; and

forming a conductive grid on said sermi-conductor wafer substrate to interconnect said interconnecting
grid pads.

The invention also provides a method of providing an electrical matrix of functional circuits from a random
distribution of functional and non-functional circuits formed on a semiconductor wafer substrate,
comprising the steps of: '

testing each completely isolated circuit for functionality;

isolating non-functional circuits by establishing connections between said functional circuits and
interconnecting grid pads; and

forming a conductive grid on said semiconductor wafer substrate to interconnect said interconnecting grid
pads.

The invention also provides a method of providing an electrical matrix of functional circuits from a random
distribution of functional and non-functional circuits formed on a semiconductor wafer substrate, . -
comprising the steps of: )

testing each completely isolated circuit for functionality;

isolating non-functional circuits by eliminating connections between said non-functional circuits and
interconnecting grid pads;
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forming a conductive grid on said semiconductor wafer substrate to interconnect said interconnecting grid
pads; ’

programming redundant circuit select decoders to assign functional circuits to form complete matrix rows
from circuits randomly distributed on said semi-conductor wafer substrate; and

assigning channel input/output lines to each functional circuit and corresponding sequential bit positions
by eliminating connections between said circuits and said conductive grid that correspond to other bit
positions.

The invention also provides a method of providing an electrical matrix of functional circuits from a randon
distribution of functional and non-functional circuits formed on a semiconductor wafer substrate,
comprising the steps of:

testing each completely isolated circuit for functionality;

isolating non-functional circuits by forming a conductive grid on said semiconductor wafer substrate to
interconnect functional circuits;

programming redundant circuit select decoders to assign functional circuits to form complete matrix rows
from circuits randomly distributed on said semi-conductor wafer substrate; and

assigning channel input/output lines to each functional circuit and corresponding sequential bit positions.

The invention also provides an apparatus providing a matrix of functional circuits formedona
semi-conductor wafer substrate from a random distribution of functional and non-functional circuits,
comprising:

a plurality of functional and non-functional circuits; and

a conductive grid formed on said semiconductor wafer substrate for interconnecting said circuits.

The invention also provides an apparatus providing a matrix of matrix of function memory circuits
mapped from a random distribution of functional and non-functional memory circuits formed on a
semiconductor wafer substrate, comprising:

a conductive grid formed on said semiconductor wafer substrate to interconnect said memory circuits;

means for programming redundant circuit select decoders to assign functional memory circuits to form
complete rows from memory circuits randomly distributed on said semiconductor wafer substrate; and

means for assigning channel input and output leads to each functional memory circuit by eliminating
connections between said memory circuits and said conductive grid that correspond to other bit positions.

The present invention provides wafer level integration of circuits to allow the assembly of an electrically
ordered matrix of functional integrated circuits on a semiconductor wafer, a custom mask not being required
for each wafer, as in the discretionary wiring technigue. The present invention also does not initially impose
an interconnecting grid on the individual function circuits. Accordingly, the individual circuits are readily
tested. Further, there is no requirement of a percentage-per-row of functionai circuits to produce a functional
circuit matrix or the need to reconfigure internal circuit latches upon circuit power up.

A preferred embodiment of the invention is illustrated with a 16k static random access memory circuitas a
building block of a 2M bit memory module, although the invention may be provided as a memory or a
non-memory device. In the preferred embodiment, a matrix having 128 memory circuits, is arranged in 8
rows X 16 columns on an integral circuit wafer substrate, provides 2M bits per wafer or 266k bytes per wafer.

Each circuit is formed on a semiconductor wafer substrate. Each circuit is individually tested for
functionality. Thereafter, a generic conductive grid is formed on said wafer to interconnect all of the
integrated circuits on the wafer. Circuits that when tested are found non-functional are isolated by
eliminating connections between the defective circuit and the conductive grid.

Each matrix row provides several individual circuits and includes a redundant decoder. The redundant
decoders are programmed to reassign extra functional circuits from a physical matrix row location to an
electrical matrix row location having defective circuits. In this way, complete functional matrix rows are
formed and a random distribution of functional circuits is ordered to provide a matrix of functional circuits.
By combining redundant decoders and associated extra functional circuits with a primary row decoder and
associated circuits, a complete row is provided. Individual circuits are located in a row at a bit position by
providing extra bit position wiring for each circuit and by thereafter eliminating the interconnections for all
bit positions but that to which the circuit is assigned.

Partially functional circuits are combined with other complementary partially functional circuits to produce
a complete functional circuit therefrom. For example, if an upper half of one circuit and a bottom half of
another circuit and a bottom half of another circuit are functional, the devices may be combined electrically
to form one complete functional circuit. This is accomplished by combining an address for each portion of
the circuit with the same circuit select signal such that the circuit selected corresponds to the address
relating to that functional part of the circuit. For example, if a circuit has an upper half functional portion and
the address corresponding to the upper half portion is combined (ANDed) with the circuit select signal of the
completed circuit, then the upper half functional portion may only be selected when the upper half of the
completed circuit is addressed. Similarly, another random circuit that has a bottom half functional portion
and the address corresponding to the lower half portion is combined (ANDed) with the same circuit select
signal of the completed circuit, then the bottom half functional portion may only be selected when the lower
half of the completed circuit is addressed. Thus, when a bottom half portion of the complete circuit is
addressed, the partial circuit that is electrically assigned to the upper half portion of the complete circuitata
given matrix location ignores the circuit select signal. Rather, the acdressis combined with the other circuit
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having a bottom half functional portion to provide the bottom haif portion of the complete circuit for the
matrix location. Similarly, the other half portion may be addressed.

Combining partially functional circuits into one complete circuit is not limited to half functional circuits.
Using this technique, four partially functional circuits, each one having a different functional quadrant, may
be combined into one complete circuit. In such instance, two addresses are combined with the circuit select
signal to effect partial circuit selection.

Accordingly, a method is provided for achieving a maximum yield from an integrated circuit wafer having
functional, partially functional, and non-functional circuits formed thereon. The physical appearance of a
wafer formed according to the present invention is that of a patchwork of useful and non-useful devices.
Electrically, a wafer formed according to the present invention is indistinguishable from any fully functional
device produced to provide a similar function. A complete system or subsystem may be formed on an
integrated wafer, eliminating the cost of scribing the wafer and of packaging separate discrete devices, and
the combining the individually packaged devices into a system or subsystem on a printed circuit board.
Besides the radical decrease in interconnection cost and in the system’s physical size, a substantial increase
in execution speed and system reliability is achieved.

The invention is further explained below, by way of illustration, with reference to the accompanying
drawings, in which:

Figure 1is a schematic representation of a semiconductor wafer showing a physical (random) distribution
of fully and partially functional circuits and an electrical (systematic) distribution of functional circuits;

Figure 2 is a block schematic representation of a prior art random access memory board;

Figure 3 is a schematic representation of one line of the interconnecting grid and fuse interconnect
according to the present invention;

Figure 4is a schematic diagram showing regular and redundant circuit select lines and fuses connecting
the lines to a circuit;

Figure 5is a schematic diagram showing input and output lines and fuses connecting these linesto a
circuit;

Figures 6a-6¢ provide logic and circuit embodiments by which partially functional circuits may be
combined to form a fully functional circuit;

Figure 7 shows an embodiment of the invention providing for the assignment of several circuitsto a
particular circuit select line;

Figure 8is a block diagram showing a circuit select testing scheme;

Figure 9 shows an embodiment of the invention providing several programmable circuit select lines;

Figure 10is a schematic diagram showing the electrical reconfiguration of randomly distributed circuits to
produce a virtual matrix; and

Figure 11is a schematic diagram showing each circuit including an uncommitted select address
decoder.

When integrated circuits are formed on a semiconductor wafer, a matrix of functional, partially functional,
and non-functional devices is produced. Accordingly, a random physical distribution of functional and
partially functional circuits is produced as shown for wafer 10 in Figure 1. The present invention provides a
systematic or electrical redistribution of the functional and partially functional devices to produce a uniform,
readily accessed electrical matrix of functional circuits as shown for virtual wafer 12 in Figure 1. Thus, the
present invention is a technique that maps a matrix of integrated circuits formed on a semiconductor wafer
substrate.

Figure 1 displays functional, partially functional, and non-functional devices in an 11 x 11 matrix. The

. matrix size discussed herein is for purposes of example only and should not be construed as limiting the

invention to any particular matrix size. The present invention may be provided using any number of matrix
sizes and may be a uniformly similar functional type of integrated circuit or may be a mixture of different
functional types of integrated circuits.

A partial and simplified block diagram of a prior art memory board is shown in Figure 2. The memory
board shown is provided as a basis for discussion of an exemplary embodiment of the present invention.
However, the invention is intended for use with any integrated circuit device to provide wafer level
integration having maximum functional unit yield. The memory, such as memory 16 shown in Figure 2, is a
16k static random access memory. A typical 16k x 1 bit memory device requires the following pin
connections: fourteen address lines, one Vpp, one Vsg, oie circuit select, one write enable, one data in, and
one data out - or a total of twenty connections. Generally a printed circuit board is provided with 128 such
devices arranged in an 8 X 16 matrix providing 2M bits or 256k bytes of addressable memory space, as
shown in Figure 2.

In the exemplary memory board, seventeen of the twenty connections are provided in parallel to all 128
devices as shown by bus 14 in Figure 2. Each matrix column includes an input line l1-lg and an output line
0,-O5. Each matrix row includes a circuit select line, CS1-CS16. Circuit select is controlled by a decoder
circuit 22. Accordingly, access to any row of memory chips 16-21 is a function of address and circuit select
information.

When a byte (8 bits in the exemplary embodiment of the invention) is accessed, a chip select line is
activated corresponding to a given row; the desired internal bit position is selected by the address signals.
In the prior art embodiment, such as a printed circuit board, horizontal and vertical lines for
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interconnecting the memory matrix are formed by different metal layers laminated onto the board. Because
all circuits on the board have been previously tested, there is no need to reroute connections from

non-functional circuits. The present invention interconnects a matrix of integrated circuits on a semiconduc-
tor wafer substrate. Several integrated circuits are formed on the wafer, but without an interconnecting grid.

In the present invention, the individual circuits are tested for functionality. Functional, partially functional,
and non-functional circuits are mapped. Thereafter, a metal layer is formed on the wafer substrate to provide
an interconnecting grid. The interconnecting grid may be formed by any known technique, including gas
deposition, sputtering, x-ray and e-beam lithography. Each circuit is connected to the grid. Non-functional
circuits are isolated from the grid as shown in Figure 3.

In Figure 3, a single line 24 of the interconnecting grid is shown including a connecting pad 25 and a test
pad 26. Test pad 26 is coupled to integrated circuit 27. Prior to formation of the interconnecting grid, each
device is completely electrically isolated from other circuits to allow each device to be tested. Test pad 26
provides a convenient point for connecting a test probe. A single test point 26 is shown for example. There
are actually twenty such test points in the preferred embodiment coupled to integrated circuit 27, but only
one such test point (and only one such interconnecting grid line) is shown for simplicity.

Alink exists between the grid and circuit 27 in the form of a fuse 28. The fuse can be any kind of known
integrated circuit fuse device, such as a polysilicon fuse or a metal fuse. The fuses may also be initially
non-conductive and may be made conductive by any of the known techniques, such as exposure to a laser or
to passive current, or by laser connection of two semiconductor layers. in such applications the process is
reversed. That is, functional and partially functional circuits are connected and non-functional circuits are left
alone. In the exemplary embodiment of the invention, if device 27 is a non-functional device, then fuse 28 is
blown, preferably before formation of the interconnecting grid, by any of the known techniques, suchasbya
laser beam or by excessive current. In this way, a non-functional circuit is totally isolated from
interconnecting grid and does not affect or degrade circuit matrix performance. In the example of Figure 4a,
all such connections shown are severed by blowing appropriate fuses of the non-functional devices. In
devices having interconnecting grids formed according to e-beam technology, connections are established
to functional and partially functional circuits only - no fuses are used.

For purposes of example, a single fuse 28 is shown linking connecting pad 25 to testing pad 26. In actual
practice, a single fuse or a group of fuses may be provided at each point to reduce resistance and to increase
current carrying capacity, for example the power carrying pads, Vss and Vpp. Once the non-functional
devices are eliminated from the interconnecting grid, the randomly distributed functional and partially
functional devices are mapped to form a virtual matrix.

An electronic reorganization of the physical distribution of functional devices is accomplished by
assigning circuit select lines and input/output lines in a systematic manner. Circuit select line controlisa
function of a separate integrated circuit formed on the wafer substrate. Such integrated circuits are
decoders. In the example of a 2566k byte memory board, a circuit select device provides four inputs and
sixteen outputs. Each line is arranged to connect to a row of eight or more circuits.

A circuit select and decoder arrangement is shown in block diagram form in Figure 4a. For the purposes of
this example, it is assumed that eleven circuits are arranged on a row including circuits 44 and 52. In addition
to circuit select line CS1, one or more redundant circuit select lines are coupled to the circuits along the row.
Thus, circuit select device 30 includes a primary circuit select decoder 31 and two redundant circuit select
decoders 32 and 33, providing circuit select lines CS1, RCS1, and RCS1'. These lines correspond respectively
to lines 34, 35, and 36.

For each circuit there is a grid connecting pad corresponding to each select line. Accordingly, circuit 44
includes pads 37-39 and circuit 52 includes pads 45-47. Each pad couples its respective selectlineto a circuit
test pad by way of an interconnecting fuse. For circuit 44, test pad 43 is coupled to line pads 37-39 by fuses
40-42: for circuit 52, test pad 51 is coupled to line pads 45-47 through the fuses 48-50. However, in the
example of Figure 4a, circuit 52 is arbitrarily assigned a defective status to show that the circuit select lines
are all isolated from the interconnecting grid in the case of a defective circuit.

Circuit 44 is assigned to any one of the circuit select lines by blowing the fuses for the other two lines. In
this way, a defective decoder 31-33 may be eliminated or an otherwise unassigned functional circuit or
partially functional circuit may be mapped to a circuit select line for another row.

In the example of a matrix having eleven circuits in a row, let it be assumed that circuit 44 is a functional
circuit. Fuses 41 and 42 are blown, severing any connection between circuit select lines 35 and 36 and circuit
44. There are two possibilities in a row of eleven circuits:

(1) there may be 8 or fewer functional circuits in the row; and

(2) there may be more than 8 functional circuits in the row.

If there are 8 or fewer functional circuits in the row, then fuses are blown so the redundant circuit select
lines 35 and 36 are not connected to any circuits in the row. When there are more than 8 functional circuits in

- the row, one of the additional circuit select lines 35 and 36 are connected to an additional functional circuit. If

circuit 44 is an additional functional circuit on its row, then fuse 40 and one of fuses 41 and 42 is blown.

In the example, assume that a row of circuits is produced (e.g., row 3) that has only five functional circuits,
while row one has 11 functional circuits. The primary circuit select line of row three is connected to the five
functional circuits of row three. A redundant circuit select line of row one is coupled to the additional three
functional circuits of row one. Because the decoder of the additional line on row one is a spare decoder, it
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may be programmed to have an identical address of the primary circuit select decoder of row three.
Accordingly, whenever row three is selected, the primary circuit select line for row three and one of the
circuit select lines for row one are both activated. As a result, eight functional circuits are selected - three
from row one and five from row three.

A simplified schematic diagram of a redundant decoder programming circuit is shown in Figure 4b. A
current source transistor Q1 powers a select bus. A series of address transistors Q2-Q5 are operable
according to various input addresses (A/A/B/B) provided to the circuit select device. Each transistor has a
corresponding fuse 54-57. To program the decoder to a particular desired address which, in turn,
corresponds to a particular circuit select, the fuses for the transistors that do not correspond to the desired
address are blown; the fuses for the transistors that correspond to the desired address are not biown. As a
result, the circuit select line is activated when the proper address is provided to the decoder. For simplicity,
one out of four select decoders with two addresses and their complements is shown in Figure 4b. In actual
practice there are more addresses and transistors in a decoder.

Although not necessary, it is advantageous to test the entire wafer, before fuses are blown to determine
which circuits in each row are functional and in this way, optimize the use of functional circuits. In the
example above, if row one has two additional functional circuits over the eight needed (a total of ten
functional circuits), then the two additional functional circuits may be used with the five functional circuits of
row three or they may be used with some other row that has six functional circuits.

An example of the flexibility of this aspect of the present invention involves the situation where two rows
do not include a total of eight functional circuits. That is, row three may have five functional circuits and row
one may have two extra functional circuits. This provides a total of seven functional circuits. A third row may
be found having one additional functional circuit. The third row (e.g. row nine) is then programmed in an
identical manner to row three. Thus, all three rows - row one, row three, and row nine - are activated at the
same time to provide a row of eight functional devices.

The extreme limit of this aspect of the invention provides a maximum of eight rows with either one
additional functional circuit {i.e. a total of nine functional circuits) or with one regular functional circuit, ora
combination of both. In this way, a maximum number of circuits are used, providing an enhanced yield and
making possible effective wafer level integration.

In the prior art device of Figure 2, it is shown that fourteen address lines, two power lines, and a write
enable line, are commonly shared among all cells in the device. In a wafer level integration, there is no need
to reassign these lines but, rather, only to disconnect them from non-functional circuits. The discussion of
Figure 4 relates to the assignment of circuit select lines to assemble rows of functional circuits distributed in
a systematic fashion from a series of randomly distributed circuits formed on a semiconductor substrate
containing functional, partially functional, and non-functional circuits. Once the random distribution is
ordered by assigning circuit select lines, the input and output lines must be assigned to a proper column so
that access to a selected and addressed circuit is provided at a proper point. Although this discussion assigns
the circuit select lines first and thereafter the output lines, it should be appreciated that the lines may be
assigned in any order or may be assigned simultaneously.

In a memory circuit it is desirable to output or input eight bits in parallel during each memory access.
When eight circuits are activated by the circuit select line as described above, an output is obtained or input
is received in proper order. To achieve this, eight parallel connecting lines are provided along each row of
circuits on the wafer substrate.

An output bus 04-Og (or input bus l;-Ig) is shown in Figure 5 including a branch of eight lines for row one
and eight lines for row two. Such branches are provided for each row in the matrix. In the example of a
memory device, eight such rows are provided. Row bus 58 is shown coupled to circuit 76 at a series of grid
connect pads 58-66, which are thereafter coupled to test pad 75 by a plurality of corresponding fuses 67-74. If
circuit 76 is not functional, then all eight fuses 67-74 are blown to isolate the circuit from input or output bus
58.

Proceeding along the first row, whenever a first functional circuit is found, fuses 68-74 are blown and the
connection is established by fuse 67 for bit position one. When the next functional circuit is found, fuses 67
and 69-74 are blown and the connection is established by fuse 68 for bit position two, and so on. Thus, when
afourth functional circuit is found, all the output fuses except the fourth (70) is blown, corresponding to the
fourth bit position.

All functional circuits for a particular row are not necessarily in that particular row. The circuits may be
collected from any number of rows up to a maximum of eight rows, as explained above in the example for
circuit select lines. Assuming row one has three additional functional circuits and row three has a total of five
functional circuits, the three additional functional circuits of row one are connected to the first three output
lines of bus 58 and the five circuits of row three are connected to the next five output lines of bus 58.
Accordingly, there are always eight outputs provided by eight selected circuits for the eight bit positions of a
selected row, regardiess of the actual physical location of the functional circuits on the wafer substrate.

In some instances, a partially functional circuit may be produced. The circuit may be a top portion, a
bottom portion, a left portion, or a right portion of a functional circuit, an otherwise non-functional circuit.
The partial circuit is programmed to respond to an address on an address line, e.g. line A. The address line is
programmed to cooperate with the circuit select line for a corresponding row to activate the particular circuit
when the corresponding bit position is selected. Figure 6 shows the schematic form embodiments of the

10

15

20

25

30

35

40

45

50

55

60

65



6

GB 2153590 A

10

15

20

25

30

35

40

45

50

55

60

65

invention that assign partial circuits in pairs to form complete functional circuits.

In Figure 6a, an assignment is made to a partial portion of a circuit corresponding to a circuit upper portion
or lower portion (or a left portion or a right portion). Address A is true (1"} if an upper partial portion of a
circuit is found; address A is false (*/0”) if a lower partial portion of a circuit is found. The circuit is
programmed by blowing appropriate fuses. if the circuit is entirely functional, only fuses F1 and F4, or F1 and
F3 are blown. If in a partially functional circuit address A is to be true, then fuses F2 and F3 are blown. [fin a
partially functional circuit address A is to be false, then fuses F2 and F4 are blown.

Address A is coupled directly through fuse F4 to AND gate 78, where it is ANDed with the circuit select
signal for that row to produce a circuit signal for that partial portion of the circuit. Address A may also be
coupled through an inverter 77 and a fuse F3 to AND gate 78 to be ANDed with the circuit select signal to
produce a circuit select signal for that partial portion of the circuit.

For example, assume the address line is programmed along with the circuit select line to activate a
particular circuit under the condition when a is true, and this portion of the circuit is connected to the I/0 lines
for a particular bit position, e.g. line four. Then when the next partially functional circuit having a functional
portion with address A false is found, it is programmed to be selected when address A is false. The second
partial circuit is also connected to the same 10 line, i.e. line four, Accordingly, when Alis true, the first circuit
is selected and used as half of the circuit and when A is false, the second circuit is selected and used as the
other half of the circuit.

If two partial circuits are used with seven fully functional circuits, then a total of nine circuits yield eight
functional circuits. It is possible with the present invention to form a complete row of circuits, with sixteen
half functional partial circuits. In such instance, a circuit select line for a particutar row is connected to all
sixteen partial circuits. Half of the circuits are programmed to have address A true and the other half are
programmed to have address A false. The eight I/0 lines are connected such that one of each line goes to two
of the partial circuits, one of which circuit is an address A true circuit and the other which is an address A
false circuit.

Figures 6b and 6¢ show alternate embodiments of the invention for programming a partial address. The
embodiment of Figure 6b represents an embodiment for a circuit having circuit select high when selecting
the circuit and requires the blowing of fuse F1’ or F2’ to assign a partial address to the associated circuit. The
embodiment of Figure 6¢c represents an embodiment for a circuit having circuit select low when selecting the
circuit and requires fewer functional components than the embodiment of Figure 6b, but requires the
additional step of blowing fuses F1” and F2" when a fully functional circuit is addressed.

Known redundancy techniques may be used within each circuit to replace a defective row and/or column.
A row of circuits on a wafer similarly may be replaced by a spare row of circuits. For example, one or more
spare rows of eight functional circuits may be left on the wafer. These devices are not selected using spare
circuit select lines without programming their associated decoders. If, after the formation of the
interconnecting grid (for example, during a second metallization step), a row is found defective, then the
particular row may be replaced by the spare row on the wafer.

The technique provides the following four redundancy features;

1) Redundancy within the circuit;

2) Circuit assignment redundancy;

3) Partial assignment redundancy; and

4) RBow redundancy.

Redundancy within the circuit (step 1) may be performed by known techniques before an interconnecting
grid is formed on the wafer. Circuit assignment and partially functional circuit assignment redundancies
{steps 2 and 3) may be performed according to the present invention before or after an interconnecting grid
is formed on the wafer. Row redundancy (step 4) is provided after the interconnecting grid is formed on the
wafer in accordance with the teachings of the present invention. Using this combination of techniques, a
maximum yield of working bits is achieved on a wafer.

In the prior art, partial products are not assembled because of the assembly cost, which is extremely high.
Such cost is not typically justified by the return yielded by sale of the product. By using this approach
incorporated in the present invention, a partial product is easily used in a wafer level integration, and
heretofore wasted product is used to generate profit.

The present invention generates circuit select signals on the wafer by use of separate decoder circuits
formed on the substrate. It is also possible to route circuit select addresses to all of the circuits to generate a
circuit select signal within each circuit, as described later. When the signals are generated on separate
circuits, the circuit select decoders must be operational or the entire wafer is not usable. To ensure that a
circuit select decoder is operational, more than one circuit select decoder is integrated on the wafer and
wired during the formation of the interconnecting grid. If a decoder is tested and found to be defective, itis
disconnected from the interconnecting grid by the blowing of associated fuses, as described above.

Figure 7 is a block diagram of such an arrangement showing decoder circuits D1-D3 (84-86) coupled via
fuses 87-89 to circuit select line connect pads 90-92. To remove a defective circuit select decoder from the
interconnecting grid, the associated fuse is blown, thereby isolating the circuit. If decoder D1 is functional
and decoders D2 and D3 are non-functional, then decoders D2 and D3 are removed by blowing fuses 88 and
89.

In the embodiment of the invention discussed herein, it is assumed that a circuit formed on the wafer
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substrate has twenty connections. Accordingly, testing is performed with a probe having twenty
connections. The circuit select decoders have somewhat more than twenty connections. This is due to the
provision of additional rows. It should be appreciated that more rows are provided than may be necessary to
achieve the desired matrix. For example, 64 rows may be provided to achieve a matrix of 16 rows.

All runs must be tested. Testing of the circuit select decoders is shown in block form in Figure 8, wherein a
decoder 93 includes a shift register 94 coupled to the decoders’ output. A series of test vectors are provided
to an input of the circuit select decoder and the outputs produced in accordance therewith at lines CS4-CSy
are coupled through shift register 94 to produce an output bit form. If the output from the shift register is in
agreement with the test vectors provided to the input of decoder 93, then the circuit select decoder is
determined to be a functional device. After testing is completed, shift register 94 is isolated from the select
circuit decoder by the techniques described herein - that is, the blowing of appropriate fuses.

The discussion relating to Figure 4 involved the assignment of redundant circuit select lines to otherwise
unassigned functional circuits to form functional rows. Another approach to assigning circuit select lines to
functional circuits is illustrated in block form in Figure 9. A functional circuit 78 includes a test pad 83 coupled
to sixteen circuit select lines CS;-CSy¢ at line pads 79 and 80 by fuses 81 and 82. To assign circuit 78 to a
particular circuit select line to form a row, the fuses for all but that one line are blown. In this way, a circuit
jocated at any point in the matrix may be assigned to any row without regard to physical location.

An electrical reconfiguration of randomly distributed circuits to produce a systematic circuit matrix is
shown, in schematic diagram form, in Figure 10. A circuit select decoder 95 includes circuit select lines
CS1-CSn arranged to operate a series of circuits. A first row inciudes circuits 100-109. Because the example
shows ten functional circuits in the first row, the first eight circuits 100-107 are shown coupled to line CS1
(97), which is the circuit select line for row one. Accordingly, fuses 122, 124, 126, 128, 130, 132, 134, and 136
remain intact. The fuses that would couple the functional circuits to redundant circuit select line RCS1 {96}
are blown. That is, fuses 123, 125, 127, 129, 131, 133, 135, and 137 are blown.

Input and output lines for row one are assigned in bit position order to an input-output bus 200. Thus, for
circuits 100-107, which comprise row 1, corresponding bit position fuses 158-165 are shown intact. Each of
circuits 100-117 include eight input and eight output lines. The fuses for these lines are not shown because
the connections for all bit positions in a corresponding input or output byte, except for the assigned bit
position, have been eliminated by blowing the corresponding fuses for these positions. For example, fuse
158 couples circuit 100 to bit position one for row one, input (or output) lines in bus 200; fuse 159 couples
circuit 101 to bit position two for row one, input (or output) lines in bus 200; and so on.

Circuits 108 and 109 are fully functional extra circuits in row one. They are disconnected from circuit select
line CS1 by blowing fuses 138 and 140. A redundant circuit select line for row one {(RCS1) is coupled to
circuits 108 and 109 by fuses 139 and 141. Redundant circuit select line RCS1 also is not coupled to circuit
select line CS2 by a physical connection between circuit select line CS2 and redundant circuit select line
RCS1. The preferred method of addressing redundant circuit select line RCS1 when addressing circuit select
line CS2 involves programming redundant circuit select line RCS1 to respond to a circuit select CS2 address,
as discussed above. Thus, circuits 108 and 109 become the first two circuits for row two.

The input and output line connections of circuits 108 and 109 are connected in bit position order through
fuses 166 and 167, respectively. Circuits 108 and 109 provide the first two bit positions for row two. Row two
is shown in Figure 10 including circuits 110-117. In the example, circuits 110, 111, 113,114, 116 and 117 are
shown as fully functional circuits. Circuits 112 and 115 are shown as partially functional circuits. Circuits are
assigned to circuit select line CS2 until six circuits in addition to circuits 108 and 109 are grouped to form a
complete row of eight functional circuits. The six circuits complete the row begun by the two exira functional
circuits of row one. Fuses 142-155 are allowed to remain intact or are blown as is necessary to connect their
associated circuits to circuit select line CS2. Likewise, input and output line fuses 168-174 represent
corresponding bit position fuses by which the circuits are assigned to their correct bit position to produce an
input-output connection for row two.

Circuits 112 and 115 are partially functional circuits. Accordingly, select line CS2is coupled to AND gates
119 and 120 located within each circuit. An address signal is coupled through AND gates 119 and 120 to
enable operation of circuits 112 and 115 when a corresponding portion of the circuit is required. Operation of
the AND gate is similar to that for the circuit shown in Figure 6 and can be programmed on each circuit. Thus,
if a bottom half of a circuit is to be addressed, then circuit 112 is selected; if an upper half of the circuit is to be
addressed then circuit 115 is selected.

Selection of any one of the cooperating partially functional circuits is a function of address programming.
The input and output lines of circuits 112 and 115 are combined to provide a circuit input and output ata
proper bit position. n the preferred embodiment, the input and output lines of cooperating partially
functional circuits are tied together by assignment of the circuits to acommon bit position. This is
accomplished by blowing appropriate fuses while leaving corresponding bit position fuses intact. The partial
circuits share a common bit position, and the circuit input and output lines are directed to an appropriate
selected portion of the total functional circuit.

The input and output lines from circuits 108-116 are combined in parallel to produce an eight-bitinput and
output bus. Appropriate fuses are blown to route the input and output lines to appropriate bit positions. A
remaining functional circuit 117 is shown coupled to a redundant circuit select line RCS2 through a fuse 157.
Redundant circuit select line RCS2 is programmed to have the same address as circuit select line CS3. Circuit
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117 is assigned via a fuse 175 to a first bit position for row three. Functionai circuits on row three (not shown)

are thereafter assigned in bit order to complete the row.

As said before, circuit select addresses may be routed to all the circuits and an uncommitted select address
decoder may be provided for each circuit to generate a customized circuit select signal. Such an
arrangement is shown in schematic form in Figure 11 wherein a circuit matrix, including circuits 201, 202 and
211, is interconnected by a select address bus 207 and an input and output bus 208. Each circuit has a
programmable decoder portion 203, 205, and 209, respectively; and each circuit has a functional portion 204,
206, and 210, respectively. Programmable decoders 203, 205, and 209 include fuses as described herein that
are readily severed during the fabrication process to assign an associated functional circuit in a bit or byte
arrangement.

For example, on a semiconductor wafer substrate including 128 functional circuits, the circuits can be
arranged as a 128 x 1 matrix (bit organized) or either a 64 X 2,32 X 4, 16 X 8, or 8 x 16 matrix (byte
organized). Such arrangement adds versatility and allows the present invention to be used in any number of
circuit applications. A bit organized arrangement is most useful in applications requiring large memory
arrays where each semiconductor wafer provides memory for one bitin a byte. A byte organized
arrangement is most useful in smaller memory applications where each wafer may provide a total byte
memory for an incorporating device, such as a microcomputer.

Table 1 is an example of programming an uncommitted select address decoder in a bit organized
application. In the example of Figure 11, seven select address decoder lines are provided to each
uncommitted select address decoder. The actual number of select address decoder lines used determines
the number of functional circuits that can be addressed. Fuses in the decoders are allowed to remain intact or
are blown to assign an address as shown in Table 1. Thus, when the address ‘0000000’ is received, an
individual circuit on the semiconductor wafer substrate is uniquely addressed. The input and output lines for
all of the circuits on the semiconductor wafer substrate are tied together to a common bit position. This
arrangement is provided to allow the device into which the wafer is incorporated to assign an appropriate bit
position. It should be noted that any one /O line may be left connected and the other seven lines
disconnected. These seven lines are disconnected only to minimize the loading on input out pads. Leaving
them connected does not ruin the functionality of the circuit but siows down the circuit’s performance.

Table 2 shows an uncommitted select address decoder addressing scheme for a byte organized
application of the present invention using bit organized individual circuits. Accordingly, the fuses are left
intact or blow within each functional circuit in groups of eight in the example to provide an eight bit output of
each select address. Thus, a first address ‘0000000’ is coupled to eight functional circuits. The functional
circuits have their input and output lines coupled to various bit positions in order to provide an eight bit byte.
Likewise, the next eight circuits on the semiconductor wafer substrate are arranged in bit order and are
programmed to respond to a next address provided along the select bus. [t may be noted that only first four
addresses are used in this case and last three addresses are neglected or may be used for the wafer select
signal application.

- TABLE 1

Uncommitted select address decoder - bit organized from bit organized circuits
C, C, ! Output(input) connected to:

0, (4}

01 (li)  02-Ogll-lg)

0; (l,) aredisconnected
0, (h)

[= M e o ]
[« R el o R )
[eNeNe N
[« I oo I oo e
O OOo
- - 00O
"'-40—\“0

TABLE 2
Uncommitted select address decoder - byte organized from bit organized circuits
C; C; ! Output(input) connected to:

0 O; (h)

0
0 0 (Ia)

o o
o

0
0

Og (lg)

0 ()

Og (g
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Table 3 shows an uncommitted select address decoding scheme for a byte organized application of the

present invention using byte organized individual circuits. In such case, the addressing scheme is similar to

that of Table 1 except that all the I/O lines are connected to each functional circuit, eliminating the

requirement of disconnecting seven pairs of lines. Where byte organized circuits are used, each circuitis
provided with eight parts of /O pads and eight pairs of connect pads, similar to those shown in Figure 5.
Thus fuses 67-74 of Figure 5 would be connected to eight test pads (similar to pad 75 of Figure 5) of each

circuits. Although the use of byte organized individual circuits is not suitable for a bit organized application, it

has the advantage of requiring selection of only one circuit rather than eight circuits to read or write a full

byte.

TABLE 3

Uncommitted select address decoder - byte organized from byte organized circuits

C; C; !

cococo
cooo
cooco
cooo
ocoooco
a0
- O = O

!
!
!
!
!

Outputfinput) connected to:

04-0g
0,-0Og
04-0g
04-Og

(I4-1g)
(I1-lg)
(I4-1g)
(I4-lg)

The present invention provides a technique for achieving the long sought goal of true wafer level
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integration. Although the discussion herein refers to static memory devices, the techniques are intended to

be provided for a combination of devices, for example, memory devices such as bipolar, NMOS, CMOS, and
CCD memories, including RAMs, ROMs, PROMs, EPROMs, and E2PROMs; and circuits other than memories
wherein the circuits formed on the semiconductor wafer substrate provide predominantly similar functions.
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For example, several one-bit microprocessors could be ordered according to the present invention to
pljovide a multi-bit microprocessor. Accordingly, the present invention not only improves yields, but
réliability is improved. Assembly costs and production costs also are reduced by the elimination of printed

circuit boards.

CLAIMS

1. A method of providing an electrical matrix of functional circuits from a random distribution of

functional and non-functional circuits formed on a semiconductor wafer substrate, comprising the steps of:

testing each completely isolated circuit for functionality;
isolating non-functional circuits by eliminating connections between said non-functional circuits and

interconnecting grid pads; and

forming a conductive grid on said semi-conductor wafer substrate to interconnect said interconnecting

grid pads.

2. A method as claimed in claim 1 having the steps of:

providing redundant select decoders for each row of circuits;

providing a plurality of circuits in each circuit row; and

programming said redundant select decoders to assign redundant functional circuits from an actual
semiconductor wafer substrate location to an electrical matrix row location in combination with functional
circuits from an actual semiconductor wafer substrate location having corresponding functional and
non-functional circuits, to form complete matrix rows from said functional circuits.

3. A method as claimed in claim 1 having the steps of:

providing a set of input and output leads to each circuit formed on said semiconductor wafer substrate for

each bit position in a matrix byte;

assigning a pair of said input and output lines to each functiona

| circuit in bit position order; and

isolating said assigned functional circuit from all other bit position input/output lines.
4. A method as claimed in claim 1 having the steps of:

testing each circuit for partial functionality;

combining complementary partial circuits to produce a single functional circuit at a matrix location;
addressing a first, partially functional portion by combining a circuit portion address and a circuit select

signal.

5. A method as claimed in claim 1 having the steps of:
providing a circuit select line for each matrix row to each circuit formed on said semiconductor wafer

substrate; and

assigning functional circuits to matrix row positions by isolating said functional circuits from all of said
circuit select lines except that line corresponding to the row position to which a functional circuit is to be

assigned.

6. A method as claimed in claim 1 having the steps of:
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providing redundant circuit select decoders;

testing each of said circuit select decoders for functionality; and

isolating non-functional circuit select decoders by eliminating connections between said non-functional
decoders and said conductive grid.

7. A method as claimed in claim 1 having the steps of:

providing a programmable circuit select decoder for each circuit formed on said semiconductor wafer
substrate;

programming said decoder to select said circuit when said circuit is uniquely addressed by assigning
corresponding decoder lines to said conductive grid; and

eliminating other corresponding connections between said circuit decoder and said conductive grid.

8. A method of providing an electrical matrix of functional circuits from a random distribution of
functional and non-functional circuits formed on a semiconductor wafer substrate, comprising the steps of:

testing each completely isolated circuit for functionality;

isolating non-functional circuits by establishing connections between said functional circuits and
interconnecting grid pads; and

forming a conductive grid on said semiconductor wafer substrate to interconnect said interconnecting grid
pads.

9. A method as claimed in claim 8 having the steps of:

providing redundant select decoders for each row of circuits;

providing a plurality of circuits in each circuit row; and

programming said redundant select decoders to assign redundant functional circuits from an actual
semiconductor wafer substrate location to an electrical matrix row location in combination with functional
circuits from an actual semiconductor wafer substrate location having corresponding functional and
non-functional circuits, to form complete matrix rows from said functional circuits.

10. A method as claimed in claim 8 having the steps of:

providing a set of input and output leads to each circuit formed on said semiconductor wafer substrate for
each bit position in a matrix byte; and

assigning a pair of said input and output lines to each functional circuit in bit position order.

11. A method as claimed in claim 8 having the steps of:

testing each circuit for partial functionality;

combining complementary partial cicuits to produce a single functional circuit at a matrix location;

addressing a first, partially functional portion by combining a circuit portion address and circuit select
signal; and

addressing a second partial functional portion by combining a corresponding address with said circuit
select signal.

12. A method as claimed in claim 8 having the steps of:

providing a circuit select lead for each matrix row to each circuit formed on said semiconductor wafer
substrate; and

assigning functional circuits to matrix row positions by establishing connections between said functional
circuits and that line corresponding to the row position to which the functional circuit is to be assigned.

13. A method as claimed in claim 8 having the steps of:

providing redundant circuit select decoders;

testing each of said circuit select decoders for functionality; and

establishing connections between said functional circuit select decoders and said conductive grid.

14. A method as claimed in claim 8 having the steps of:

providing a programmable circuit select decoder for each circuit formed on said semiconductor wafer
substrate; and

programming said decoder to select said circuit when said circuit is uniquely addressed by assigning
corresponding decoder lines to said conductor grid.

15. A method as claimed in claim 7 or 14 having the steps of:

programming all of said select decoders associated with said circuits to each respond to a single unique
address; and

assigning common input and output lines to each functional circuit, whereby bit organized input and
outputis provided.

16. A method as claimed in claim 7 or 14 having the steps of:

programming all of said select decoders associated with said circuits in byte groups, each group
responding to a single unique address; and

assigning input and output lines to functional circuits within each byte group in bit position order, whereby
byte organized input and output is provided.

17. A method as claimed in claim 7 or 14 having the steps of:

programming all of said select decoders associated with said circuits to each to respond to a single unique
address; and

assigning common input and output lines to each functional circuit in byte fashion, whereby each
functional circuit is individually addressed to provide byte organized input and output.

18. A method of providing an electrical matrix of functional circuits from a random distribution of
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functional and non-functional circuits formed on a semiconductor wafer substrate, comprising the steps of:
testing each completely isolated circuit for functionality;

isolating non-functional circuits by eliminating connections between said non-functional circuits and
interconnecting grid pads;

forming a conductive grid on said semiconductor wafer substrate to interconnect said interconnecting grid 5
pads;

programming redundant circuit select decoders to assign functional circuits to form complete matrix rows
from circuits randomly distributed an said semiconductor wafer substrate; and

assigning channel input/output iines to each functional circuit and corresponding sequential bit positions
by eliminating connections between said circuits and said conductive grid that correspond to other bit 10
positions.

19. A method of providing an electrical matrix of functional circuits from a randon distribution of
functional and non-functional circuits formed on a semi-conductor wafer substrate, comprising the steps of:

testing each completely isolated circuit for functionality;

isolating non-functional circuits by forming a conductive grid on said semiconductor wafer substrate to 15
interconnect functional circuits;

programming redundant circuit select decoders to assign functional circuits to form complete matrix rows
from circuits randomly distributed on said semiconductor wafer substrate; and

assigning channel input/output lines to each functional circuit and corresponding sequential bit positions.

20. A method as claimed in claim 18 or 19 having the steps of: 20

combining partially functional circuits to provide a single complete functional circuit assigned to a data bit
line and circuit select line; and

addressing a first partial portion and a second partial portion independently, one from the other, by
combining a partial portion address signal with said circuit select signal.

21. A method as claimed in claim 18 or 19 having the steps of: 25

providing a programmable circuit select address decoder for each functional circuit;

programming each decoder to respond to a unique address, wherein each functional circuit is uniquely
addressed; and

assigning input and output lines for all functional circuits to a common bit position, whereby a bit
organized input and output is provided. 30

22. A method as claimed in claim 18 or 19 having the steps of:

providing a programmable circuit select address decoder for each functional circuit;

programming said circuit select decoders in byte fashion, wherein each unique address addresses a byte
group of functional circuits; and

assigning input and output lines within each byte group in bit position order, whereby byte organized 35
input and output is provided.

23. A method as claimed in claim 18 or 18 having the steps of:

providing a programmable circuit select address decoder for each functional circuit;

programming each decoder to respond to a unique address, wherein each functional circuit is uniquely
addressed; and 40

assigning common input and output lines to each functional circuit in byte fashion, whereby each
functional circuit, when addressed, provides byte organized input and output.

24. A method as claimed in any preceding claim wherein the circuits formed on the semiconductor wafer
substrate are memory circuits.

25. A method of providing an electrical matrix of functional circuits from a random distribution of 45
functional and non-functional circuits formed on a semiconductor wafer substrate substantially as herein
described with reference to Figures 1 and 3-11 of the accompanying drawings.

26. An electrical matrix of functional circuits provided by the method of any preceding claim.

27. An apparatus providing a matrix of functional circuits formed on a semiconductor wafer substrate
from a random distribution of functional and non-functional circuits, comprising: 50

a plurality of functional and non-functional circuits; and

a conductive grid formed on said semiconductor wafer substrate for interconnecting said circuits.

28. An apparatus as claimed in claim 27 wherein the functional and non-functional circuits have grid
pads and the conductive grid interconnects said circuits via the grid pads, and wherein a fuse is associated
with each circuit, whereby functional circuits are coupled to said conductive grid by establishing fuse 55
connections connecting said functional circuit grid pads to said conductive grid after circuit testing and
before formation of said conductive grid.

29. An apparatus as claimed in claim 27 wherein the functional and non-functional circuits have grid
pads and the conductive grid interconnects the circuits via said grid pads, and wherein a fuse is associated
with each circuit, whereby non-functional circuits are isolated from said conductive grid by blowing fuses 60
connecting said non-functional circuit grid pads to said conductive grid after circuit testing and before
formation of said conductive grid.

30. An apparatus as claimed in claim 27, 28 or 29 having:

at least one redundant select decoder for each matrix row of circuits; and

means for programming said redundant select decoders to assign functional circuits from a semiconduc- 65
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tor wafer substrate location to a matrix row location in combination with functional circuits from a
semiconductor wafer substrate location having a corresponding functional and non-functional circuits, to
form complete matrix rows from said functional circuit.

31. Anapparatus as claimed in claim 27, 28 or 29 having:

a set of input and output leads coupled to each circuit formed on said semiconductor wafer substrate for
each bit position in a matrix byte;

means for assigning a pair of input and output leads to each functional circuit in bit position order; and

means for isolating said assigned functional circuit from all of the bit position input and output leads.

32. Anapparatus as claimed in claim 27, 28 or 29 having:

means for combining complementary partially functional circuits to produce a single functional circuit ata
matrix location;

means for addressing a first, partially functional circuit by combining a corresponding circuit address and
a circuit select signal; and

means for addressing a second, partially functional circuit by combining a corresponding circuit address
with said circuit select signal.

33. An apparatus as claimed in claim 27, 28 or 29 having:

a circuit select lead for each matrix row, coupled to each circuit formed on said semiconductor wafer
substrate in said row; and

means for assigning functional circuits to matrix row positions by isolating said functional circuits from all
of said circuit select lines except that line corresponding to the virtual row position to which said functional
circuit is to be assigned.

34. An apparatus as claimed in claim 27, 28 or 29 having:

at least one redundant circuit select decoder; and

means for isolating non-functional circuit select decoders by eliminating connections between said
non-functional decoders and said conductive grid.

35. An apparatus as claimed in claim 27, 28 or 29 having:

a programmabile circuit select decoder for each circuit formed on said semiconductor wafer substrate;

means for programming said decoder to select said circuit, when said circuit is uniquely addressed, by
assigning corresponding decoder lines to said conductive grid; and

means for eliminating corresponding connections between said circuit decoder and said conductive grid.

36. An apparatus as claimed in claim 35 having:

means for programming each circuit select decoder wherein each functional circuit is uniquely addressed;
and

means for assigning input and output {eads for all functional circuits to a common bit position, whereby, a
bit organized assembly is provided.

37. An apparatus as claimed in claim 35 having:

means for programming each circuit select decoder, wherein circuits are assigned common addresses in
groups corresponding to input and output bytes; and

means for assigning input and output leads for each functional circuit in said functional groups in bit
position order such that each group provides input and output bytes, whereby a byte organized assembly is
provided.

38. An apparatus as claimed in claim 35 having:

means for programming each circuit select decoder wherein each functional circuit is uniquely addressed;
and

means for assigning common input and output lines to each functional circuit in byte fashion, whereby
each functional circuit, when addressed, provides byte organized input and output.

39. An apparatus providing a matrix of functional memory circuits mapped from a random distribution of
functional and non-functional memory circuits formed on a semiconductor wafer substrate, comprising:

a conductive grid formed on a said semiconductor wafer substrate to interconnect said memory circuits;

means for programming redundant circuit select decoders to assign functional memory circuits to form
complete matrix rows from memory circuits randomly distributed on said semiconductor wafer substrate;
and

means for assigning channel input and output leads to each functional memory circuit by eliminating
connections between said memory circuits and said conductive grid that correspond to other bit positions.

40, An apparatus as claimed in claim 39 having:

means for combining partially functional memory circuits to provide a single complete functional memory
circuit assigned to a data bit line and circuit select line; and

means for addressing a first partially functional circuit and a second partially functional circuit
independently, one from the other, by combining a corresponding partially functional circuit address signal
with said memory circuit select signal.

41. An apparatus providing a matrix of functional circuits formed on a semiconductor wafer substrate
substantially as herein described with reference to Figures 1 and 3-11 of the accompanying drawings.
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