- | SEP 2005 -1 ANTI FUSE REROQUTE OF DI ES The present invention rel ates
generally to integrated circuits, and nore particularly to integrated
circuits with programmbl e contacts. Known seni conductor chips incorgdifataggs
packaged dies that contain a plurality 5 of contact pads. The contact pads
are electrically coupled to discrete external contact pins that extend from
the di e packaging for interfacing the sem conductor to external conponents.
While this configuration is acceptable in sonme applications, it has been
recogni zed by the present inventors that certain applications benefit where
a signal path within the chip can be rerouted to different physical

| ocati ons on the 10 packagi ng. Known techni ques for rerouting the physical
term nation point on a seniconductor chip sonetinmes require externa

conmponents such as frames &Ml IFYEEKBEROUJERRBIER0se used for chip

stacking. Further, sone techniques are expensive to inplenent, require a
nunmber of conponents, and take considerable 15 tinme to fabricate, often

resul ting in addiThepeisentitviengon eslatescgemilly Be irtadraied epodits, Ehe more
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a Chlidf)’pé&ragm}d.”g the contact pins to accommodate various sockets, and
ele

rel ocatl ng ct contact pins such as chip enable, or input/output |ines
for form ng Kmpywn deciukigues foraewhitipgshaphyarcabtaetimpation poiet on a

semiconductor chip sometimes require external components such as frames and
packages, such as those used for chip stacking. Further, some techniques are
expensive to implement, require a number of components, and take considerable

15 time to fabricate, often resuiting in additional testing requirements. Depending upon
the sophistication of the process deployed, as many as eight additional steps are
required to form a complete chip with a rerouted pin. Further, the additional parts
required, the additional testing required and the production speed lost due to the
added steps all affect the cost of fabricating chips with rerouted contact pins.

20 The present invention overcomes the disadvantages of previously known
rerouting and chip stacking techniques. According to the present invention,
semiconductor chips are provided with an internally programmable routing circuit to
assign signal paths to select connection points. This allows a user to utilize the same
chip fabricating apparatus and testing devices for a number of chips that have

25 different final configurations. This technique is useful in any number of applications
including enabling and disabling select features of a chip, rerouting the contact pins to
accommodate various sockets, and relocating select contact pins such as chip
enable, or input/output lines for forming chip stacks. In a chip stack according to the

present invention, once the chips are tested, they can be programmed such that



present invention, once the chips are tested, they can be progranmmed such
that -1 SEP 2005 select signal paths line up in parallel, while other signal
paths are routed to unused pin locations. The chips are then stacked SEP 2005
pi ggyback, or one on top of the other, and the contact pins are
electrically coupled together, thus avoiding the need for external franes
and pin rerouting schenes. 5 In accordance with one enbodi nent of the
present invention, a signal routing circuit is provided. A first signal
path includes a first segnent and a segond segnment. A logic circuit is
coupled to the first segnment of the fifst signal path, while a first
connector pad is coupled to the secong segnent of the first signal path. A
routing matrix circuit is in-line with the first signal path disposed
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alter nat"ltrlstvaendt soec:roc:\léit étg?es. Where there is concern that the programming circuit will
15 introduce signals that may damage circuits or connectors connected to the routing
matrix, it is preferable that the programming circuit be capable of isolating the routing
matrix circuit from the first and second segments of the first signal path during
programming.
In addition to allowing a single signal path to be programably coupled or
20 decoupled from the circuit logic, the routing matrix circuit may further inciude a
plurality of second segments, each of the plurality of second segments independent
from one another and routed to a discrete connection point. Under this arrangement,
the first and second states of the routing matrix circuit are programmable between the
first segment and each of the plurality of second segments so that the first segment
25 can be isolated from every one of the connectors on the second segment side of the
routing matrix. Alternatively, the first segment can be programmed 1o be routed to
one or more of the plurality of second segments to route the first segment between
any number of possible physical connection positions. As an alternative to routing
one internal signal to any possible combinations of physical external connections, a

30 single physical connection can be routed to any number of internal signal paths.



one internal signal to any possible conbinations of physical external
connections, a 30 single physical connection can be routed to any nunber of
i nternal signal paths. --1 SEP 2005 -3 Under this arrangenent, the first
segnent further conprises a plurality of first segnents, each of t-HeS5tP 2005
plurality of first segnents independent from one another, and wherein the
first and second states of the routing matrix circuit are programabl e

bet ween each of the plurality of first segnents and the second segnent.
Dependi ng 5 upon the conplexity and routing options required, the first
segnent may further conprise a plurald3tty of first segnents, and the second
segnent may further conprise a plurality of second segments, wherein the
routing matrix is progranmable to selectively couple and decoupl e any of

the plurality of first segnents to any of the plurality of second segnents.
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t he anamtifuse may badisposed serially between the first and second segments of the first
signal path. Under this approach, where there is a concern that the programming
voltage will damage additional circuitry coupled to the antifuse, the routing matrix
15 circuit further comprises a first programming switch positioned serially between the
antifuse and the first segment, the first programming switch is operatively coupled to
the programming circuit and is capable of isolating the antifuse from the first
segment. A second programming switch is optionally positioned serially between the
antifuse and the second segment, the second programming switch operatively
20 coupled to the programming circuit and capable of isolating the second segment from
the antifuse.

As an alternative to using the antifuse serial'ly with the first signal path, the
antifuse can be used as a control signal to trigger a switching matrix. Under this
arrangement, the routing matrix circuit further comprises a switching matrix disposed

25 between the first and second segments of the first signat path, at least one antifuse
coupled to a programming circuit, and a sensing circuit coupling the antifuse to the
switching matrix. The switching matrix comprises at least one switch and can include
additional logic including demuitiplexors and decoders depending upon the
sophistication of the rerouting required. The sensing circuit outputs at least one



switching matrix. The switching matrix conprises at. | east one switch and can
I ncl ude additional |ogic including denmultiplexors and decoders dependin%
upon the sophistication of the rerouting required. The sensing ci rclusif 205
outputs at |east one - | SEP 2005 -4 switch control signal coding the
programmed state of the antifuse. This signal is used to operatively
control at |east one swtch. The switching nmatrix coupled to the antifuse
sensing circuit can have a first side contact pad, a second side contact
pad, and at |east one switch disposedﬂg_betmeen the first side contact pad
and the second side contact pad, wherern the swtch acts as an open circuit
when the antifuse is in a first state, and the switch acts as a cl osed
circuit when the antifuse is in a second state. The first and second states
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pr ogr anmkdrhativesy Wweenswittshihd hedtrir ashysiaclode S pRirgltytof first side contact pads and
a plurality of second side contact pads. Under this arrangement, the switch is
15 programmable to selectively couple and decouple any of the plurality of first side

contact pads to any of the second side contact pads.

In a second embodiment, a bare semiconductor die is formed with internally
assignable contact pads. The semiconductor die comprises a logic circuit, a '
programmable routing matrix, a signal path coupling the logic circuit to the routing

20 matrix, and a contact pad coupled to the routing matrix. The routing matrix comprises
a switching circuit programmable between a first state wherein the signal path is
coupled to the contact pad, and a second state wherein the signal path is decoupled
from the contact pad. The semiconductor die may optionally include a plurality of
signal paths coupling the logic circuit to the routing matrix. Under this arrangement,

25 the switching circuit is programmable between the first and second states to
selectively route any of the plurality of signal paths to the contact pad. Alternatively,
the contact pad may further comprise a plurality of contact pads coupled to the
routing matrix, and the switching circuit is programmable between the first and
second states to selectively route any of the plurality of contact pads to the signal

30 path. Preferably, the contact pad further comprises a plurality of contact pads



selectively route any of the plurality of signal paths to the contact pad.
Alternatively, the contact pad nmay further conprise a plurality of contact
pads coupled to the routing matrix, and the switching circuit is SEP 7005
programuabl e between the first and second states to selectively r&ute any
of the plurality of contact pads to the signal 30 path. Preferably, the
contact pad further conprises a plurality of contact pads -1 SEP 2005 -5
coupled to the routing matrix, and the signal path further conprises a
plurality of signal paths coupling th®& logic circuit to the routing matri x.
Where the routing matrix receives nmultiple contact pads and nultiple
signals, the switching circuit is progrannable between the first and second

states selectively coupling and 5 decoupli ng y of the plurality of contact
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i ncl udantlﬁu&apnqggammtmgmrcmt caupledriodbel aotifiusac tan afifuseatsaipisimgozircuiict s fi nd
nuner OUCSOU%PED {0 t te'a%?‘?us!en atn%eatflggétl c():r?eg Isv(\)nr’gcl%) contrgPecY by the switching controller.
Further, demulitiplexing, decoding and other fogic circuits coupling the antifuse
15 sensing circuit to the at least one switch.
With reroutable semiconductor dies, a stacking scheme can be easily realized.
A second semiconductor die can be stacked with a first semiconductor die having
programable contacts. Preferably, the second semiconductor die includes at least
one unused contact, not coupled to a logic circuit.  The first and second
20 semiconductor dies are piggybacked and the contact pads of the dies are coupled
together in parallel. Optionally, both semiconductor dies may include rerouting
circuits, and unused contacts.
Reroutable contacts find numerous applications in the fabrication of memory
devices wherein the memory device includes a logic circuit having an array of storage
25 cells, an address decoder coupled to the array of storage cells, and a memory
controller coupled to the array of storage cells. A plurality of conductive paths are
coupled to the logic circuit, wherein the plurality of conductive paths further comprise
a plurality of input/output conductive paths coupled to the memory controller, and at
ieast one chip select conductive path coupled to the memory controller. Additionally,

30 a plurality of contacts are coupled to the plurality of conductive paths, and a



devi ces wherein the nmenory device includes a logic circuit having an array
of storage 25 cells, an address decoder coupled to the array of storage
cells, and a menory control | er coupled to the array of storage cel F$.5EA 2005
plurallty of conductive paths are coupled to the logic circuit, wherein the
plurality of conductive paths further conprise a plurality of input/output
conductive paths coupled to the nenory controller, and at |east one chip
sel ect conductive path coupled to the nenory controller. Additionally, 30 a
plurality of contacts are coupled to the plurality of conductive paths, and
a - 1 SEP 2005 -6 programmuable rerouting circuit is serially positioned
between at |east one of the plurality of contacts and at | east one of the
plurality of conductive paths. In one application, the rerouting circuit is
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because the chip select for each nmenory device includes a ete
connecpamilel. AWWharedhe\gslay js tmef:@atslaéheltotal starage gaabrity nbther shipesiade the
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cont acyfuséd 8ohtet B RS ¥edit ARFnGIPHevice. The chip select of the second memory
device should align with the unused contact of the first memory device. The power,
15 input/output, address, or other lines are positioned to align in parallef configuration.
Thus the two devices can share the same data, address, and power connections, and
still be individually selectable because the chip select for each memory device
includes a discrete connection.
Alternatively, where the first, reroutable memory device includes multiple
20 inputfoutput lines, and a like number of unused contacts, and the second memory
device includes the same number of unused contacts, the two memory devices can
be programmed and stacked piggyback such that the input/output lines of the first
memory device align with unused contacts of the second memory device, and the
input/output of the second memory device align with the unused contacts of the first
25 memory device. All other contacts are positioned to align in parallel with like
connections. Accordingly the power, chip select, and other reference contacts align.
Under this arrangement, an enabie signal enables both chips simultaneously, and
each memory device input/outputs contacts are discretely routed. Thus a single
address can now provide an increased word length on the total input/output lines

30 available, over each memory device individualty.



be progranmmed and stacked pi ggyback such that the input/output |ines of the
first nmenory device align with unused contacts of the second nenory devi ce,
and the input/output of the second nenory device align with the1 P9
contacts of the first 25 nenory device. Al other contacts are positioned to
align in parallel with Iike connections. Accordingly the power, chip

sel ect, and other reference contacts align. Under this arrangenent, an
enabl e signal enables both chips sinmultaneously, and each nenory device

i nput/outputs contacts are discretely fouted. Thus a single address can now
provi de an increased word I ength on the total input/output Iines 30
avai |l abl e, over each nenory device individually. - | SEP 2005 -7 It wll be
appreciated that the present invention can be used to reprogram bare dies,
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chip;  drawings, where like structure is indicated with like reference numerals, and in which:
Fig. 1 liustrates in block diagram fashion, a logic line switchable between two
external pin connections on a packaged semiconductor chip;

15 Fig. 2 is a block diagram of a system for routing one or more logic lines to any
of several external pin connections on a packaged semiconductor chip using an array
of antifuses;

Fig. 3 is a simplified schematic of a circuit for routing one logic line between
two external pin connections on a packaged semiconductor chip;

20 Fig. 4 is a simplified schematic diagram of a circuit for rerouting a signal path
in a semiconductor using an antifuse, wherein the antifuse is in-line with the signal
path; and, '

Fig, 5 is an illustration of a stacked semiconductor chip where one of the chips
has had a logic line reroutable to a different pin location on the semiconductor

25 package.

The following detailed description references drawings which show by way of
illustration, and not by way of limitation, specific embodiments in which the present
invention may be practiced. 1t is to be understood that based upon the functional

description herein, other embodiments may be realized, and structural as well as



20 Fig. 4 is a sinplified schematic diagramof a circuit for rerouting a
signal path in a semconductor using an antifuse, wherein theg gnym fuse is
in-line with the signal path; and, Fig, 5is an illustration of a stacked
sem conductor chip where one of the chips has had a logic line reroutable
to a different pin location on the sem conductor 25 package. The foll ow ng
detail ed description references drawi ngs which show by way of illustration,
and not by way of limtation, specific enbodinents in which the present

i nvention may be practiced. It is to be understood that based upon the
functional description herein, other €nbodi mrents may be realized, and
structural as well as -8 | ogical changes may be incorporated w thout
departing fromthe scope of the present invention. Referring to Fig. 1, the
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is not coupled to any connection pin. Notably, where the signal path 118 is coupled
to pin 104, the connector pin 106 is uncoupled from the logic circuit 120, and thus a
15 signal applied to connection pin 106 is isolated from the logic circuit 120. Itis to be
understood that the logic circuit can be any circuit including memory devices,
microprocessors, gates, convertors and the like. Further, any number of pins,
including electrically isolated and electrically conductive pins may be used. Further,
the electrically conductive pins, including those coupled through the routing matrix,
20 may carry power connections including ground and supply voltages, may include
input/output data information, chip selection or enabling information, clock signais,
reference signals, address information, or any other type of signal {0 be applied to a
logic circuit. Additionally, depending upon the application and the sophistication of
the signal rerouting required, any known technique for constructing the routing matrix
25 116 may be implemented. The routing matrix can be a single switch, fuse, antifuse,
or as sophisticated as necessary, including demultiplexors, decoders, switching
matrices, switching arrays and the like.
One method of controlling the routing matrix is through the use of antifuses.
An antifuse is a circuit element useful for providing selective one time programmable

30 permanent electrical connections between circuit nodes. An antifuse can be



20 may carry power connections including ground and supply voltages, may

I ncl ude input/output data information, chip selection or enabling

i nformation, clock signals, reference signals, address infornath?EP9m5any
ot her type of signal to be applied to a logic circuit. Additionally,
dependi ng upon the application and the sophistication of the signal
rerouting required, any known technique for constructing the routing matrix
25 116 nmay be inplenmented. The routing matrix can be a single switch, fuse,
antifuse, or as sophisticated as necessary, including demultiplexors,
decoders, switching matrices, switching arrays and the |ike. One nethod of
controlling the routing matrix is through the use of antifuses. An antifuse
is acircuit element useful for providing selective one tinme programable
30 permanent el ectrical connections between circuit nodes. An antifuse can
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paths 128 feed into.a swtchi ng matrix 130. The switching matrix 130
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t he possi bl e ‘connector or alternativ one of the signa
pat hs aPdrcuitgraths 1i28okitl tdepehdapdrhthecnimeet of paiht ltesi@d to be siétobiedi ne t he
swit Chlrer}gupe tctvretreprhin%?ed. The signal paths 128 feed into a switching matrix 130. The
switching matrix 130 assigns each individual signal path 128 to any of the possible
15 connector paths 126. Any one of the signal paths 128 can be routed to one or more
of the possible connector paths 126, or aliernatively, any one of the signal paths 128
can be isolated from the connector paths 126. To determine the switching pattem, an
antifuse array 134 is programmed by selectively blowing one or more antifuses in the
array using programming circuit 136. Latch circuit 132 is a sensing circuif that reads
20 the state of the antifuses in the antifuse array 134 and presents a controi signal 138
to the switching matrix 130. Depending upon the number of antifuses implemented,
the latch circuit 132 may encode the states of the antifuses into a smaller number of
control lines. Where the latch circuit encodes the states of the antifuses in the
antifuse array 134, the switching matrix 130 includes additional decoder logic.
25 Referring to Fig. 3, an example of an implementation of a pin programming
and routing circuit 200 is illustrated. In this example, a signal 248 is routed to one of
two possible connections 272, 274. This can be used for example, to program a chip
select signal to one of two possible connectors, leaving the unused connector
isolated from the fogic circuit (not shown). Firstly, it should be appreciated that the

30 flexibility and structure of the typical antifuse results in a broad degree of latitude to



antifuse array 134 is programred by selectively blow ng one or nore
antifuses in the array using programming circuit 136. Latch circu A32 1's
a sensing circuit that reads 20 the state of the antifuses in the Ln&.?Mée
array 134 and presents a control signal 138 to the switching matrix 130.
Dependi ng upon the nunber of antifuses inplenented, the latch circuit 132
may encode the states of the antifuses into a smaller nunber of control
lines. Where the latch circuit encodes the states of the antifuses in the
antifuse array 134, the switching matrix 130 includes additional decoder

|l ogic. 25 Referring to Fig. 3, an exaﬁgre of an inplenmentation of a pin
programming and routing circuit 200 is illustrated. In this exanple, a
signal 248 is routed to one of two possible connections 272, 274. This can

be useghd @ésu?ﬁéﬁiﬂ@a ttRe RIESRTAHT heGBIdUtIngRtIREAt. T eHRdr, hﬁK% Yy séM&mBOSSi bl e
connectors, [eavin he unused connector isolated fromt logic circuit

(not shambe. d@;ai@peq/ based ghouithe lapplipgicrcioawkightthatchiphis todge tibed dnd tltey and

structure .of the t |fueres i n.a broad de Ia|t to-
' e Pautmens ariBe fllendfit pbBicylans toh e fup, A SRveiat: diat lsn'a%n

Furt hekg hamyr AiQ8rattth §ﬁ@ﬁ6@coﬁ§8e% Q@Mﬁ“ﬂa‘ﬁ@ﬁd B?%?I?dtr\&’ﬁé}ohﬂﬁg %I?Ew't QBD' 0“ to
which the chip is to be used, and requi renents of the intended

appl ¥ caephprises @n antifusd ap*ayAée!ow@ingdyq aRatghing orssemsirg dirduit 132band do a
illustration and no ered. a limtatian I ng circuit
2005 EERRMBO0Y kit fths U PRt psdhe St o6l 132 sineipia Bibie? ng
circui ts\nﬂ{%ﬂmgarﬁgtrlxo‘liﬁ') Bhesifiaany, @vlféhl’r@‘éétlolﬁﬁf th@@mu%ﬁg'?nélﬁxtm@ i§ensi ng
circuit 132 is coupled to the switching matrix 130. Spetifically, swtching
act i oncofitroled byithe stalg ofithe artifuse drsay tdht Vhiileesshdwyn hlaeeerstmtlreow aree

antfse 34. Wi |l e own n th on fs it isto
be. undaratiseRag s shpenindr e Baf iy Subrbst B hoP oot b o,
dependiip|darstitel Ngepertifg u@Bn&hgﬁﬁJnﬁbérQJfbﬁngmQ% Bé%b@rérﬁéﬁwtr@ﬁblﬁéé ar@f her

| i ke considerations. Typically, control signal Vcontl "208 is biased such

that t kéherdikecomsiiasationsnsypically, Zontios sighab¥aontdn208 isebipsedsaich tbatthge
1P 09 Bt R0 BBt A (2B B B BB b8 R Bl R 2 ©
pl ate ZQfn ee aﬁﬁméuwzmzomtﬁol@‘@ﬁat\votﬁitx 2a8Up bebelbsiich B! ggdkr2186pugh
transistor 220. The state of control signal Vcont3 224 is
transistor 220 is open, and the second plate 206 of antifuse 202 is effectively coupled
15 o ground 222 through transistor 220. The state of control signal Vcont3 224 is
biased such that the gate 226 of transistor 228 is closed, effectively isolating the first
plate 204 of antifuse 202 from a path to ground 230, through transistor 228.
The sensing circuit 132 reads the state of antifuse 202 by biasing control
signal Vlatch1 238 to open the gate 240 of transistor 242, and further, by biasing
20 control signal Viaich2 232 to open the gate 234 of transistor 236 effectively coupling
the sensing voltage Vsense 246 through transistors 242 and 236 to the antifuse 202.
The gate 226 of transistor 228 is off isolating the first plate 204 of antifuse 202 from
ground 230 through transistor 228. Likewise, the gate 210 of transistor 212 is closed
to isolate the programming voltage Vprog 214 from the antifuse 202. The gate 218
25 on transistor 220 is open effectively connecting the second plate 206 of antifuse 202
to ground 222 through transistor 220. if the antifuse 202 is unprogramed, or
unblown, the dielectric layer between the first and second plates 204, 204 isolates the
sensing voltage Vsense 246 from seeing ground through the antifuse 202, thus the
voltage at node 244 will be the sensing voltage 246. All paths to ground through the

30 antifuse 202 are essentially floated. if the antifuse 202 is programmed or blown, then



bi ased such that the gate 226 of transistor 228 is closed, effectively
Isolating the first plate 204 of antifuse 202 froma path to round 230,

t hrough transistor 228. The sensing circuit 132 reads the stat St 28t i f use
202 by biasing control signal Vliatchl 238 to open the gate 240 of

transi stor 242, and further, by biasing 20 control signal M atch2 232 to
open the gate 234 of transistor 236 effectively coupling the sensing
vol t age Vsense 246 through transistors 242 and 236 to the antifuse 202. The
gate 226 of transistor 228 is off isoefating the first plate 204 of antifuse
202 from ground 230 through transistor 228. Likew se, the gate 210 of
transistor 212 is closed to isolate the progranm ng voltage Vprog 214 from
the antifuse 202. The gate 218 25 on transistor 220 is open effectively
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transistor 220. The antifuse 202 is now isolated from ground 222 through transistor
15 220. Likewise, control signal Viatch2 232 is biased to close the gate 234 of transistor
236, turning off transistor 236 and thus isolating the sensing circuit 132 from the
antifuse 202. Next, control signal Vcont1 208 is turmed on. Vcont1 208 is biased to
open the gate 210 of transistor 212. Accordingly, the programming voitage Vprog
214, is coupled to the second plate 206 of the antifuse 202. The fransistor 228 is
20 turned on by biasing the control signal Vprog3 224 to open the gate 226 of transistor
228, thus coupling the first plate 204 of the antifuse 202 to ground 230 through
transistor 228. When both the programming voltage Vprog 214 is applied to the
second plate 206 of the antifuse 202, and the first plate 204 of antifuse 202 is tied to
ground 230, the votitage differential between the first and second plates 204, 206
25 should be sufficient to break down the dielectric formed between the first and second
plates 204,206 thus forming a reduced resistance circuit path. Turning off transistor
236 isolates the circuit other than the antifuse from the programming voltage Vprog
214. The excessive voltage sometimes required to blow the antifuse 202 may
damage other portions of the circuit. Where all other circuit elements would be
30 unaffected by the higher programming voltage Vprog 214, it may be unnecessary to



transi stor 220. The antifuse 202 is now isolated from ground 222 t hrough
transi stor 15 220. Likew se, control signal M atch2 232 is bﬁfﬁg Urso cl ose
the gate 234 of transistor 236, turning off transistor 236 an h g
isolating the sensing circuit 132 fromthe antifuse 202. Next, control
signal Vcontl 208 is turned on. Vcontl 208 is biased to open the gate 210
of transistor 212. Accordingly, the programm ng voltage Vprog 214, is
coupled to the second plate 206 of the antifuse 202. The transistor 228 is
20 turned on by biasing the control si1gnal Vprog3 224 to open the gate 226
of transistor 228, thus coupling the first plate 204 of the antifuse 202 to
ground 230 through transistor 228. Wen both the progranm ng voltage Vprog
214 is applied to the second plate 206 of the antifuse 202, and the first
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associ ated with programm ng the antifuse 202. Further, as the antifuse 202
i s a ohallyj siecetivg aatiiusbl 202 dyi design fsefapriogteshini aryuoplevat state,need only be
perfornmed once, 5 usua{é sone time after fabrication and testing. It should
be appPERYrAMENg fagy ng érrﬁﬂH‘ir can be acconplished when the device is in
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gate 2ffeffor circuit formed by transistors 254 and 260. When the reference voltage is low,

the gate 258 at transistor 260 is ciosed and the invertor node 256 is isolated from

15 ground 276 through transistor 260. Transistor 254 is always on because the invertor
reference voltage 250 is tied to the gate 252 of the transistor 254 thus allowing the
invertor node 256 to stay high. When the reference node 244 is high, the gate 258 of
the transistor 260 opens effectively coupling inverter node 256 to ground.

Accordingly, the control signal at the gate 262 will generally be opposite that of gate

20 268, and only one of the transistors 264, 270 wili be on at any given time. Signal 248
is accordingly passed to either connection 272 or connection 274. The unused
connection is isolated from the circuitry.

An alternative arrangement for using antifuses to reroute signals is {o place the
antifuse in the signal path directly. Refering to Fig. 4, a signal 402 is coupled to

25 external pin connector 436 via transistors 404, 412, and antifuse 414. During normal
operation, control signal Vcont1 is biased such that the gate 4086 of transistor 404 is
open, and likewise the gate 410 of transistor 412 is open. Control signat Vcont2 420
is biased such that the gate 422 of transistor 426 is closed isolating the programming
reference signal 424 from the antifuse 414. Likewise, the control signal Vcont3 428 is

30 biased such that the gate 430 of transistor 432 is closed isolating the antifuse 414



transi stor 270. A copy of the reference voltage at node 244 passes through
an invertor circuit fornmed by transistors 254 and 260. \Wen the reference
voltage is low, the gate 258 at transistor 260 is closed and the i nveftfotlls
node 256 is isolated from 15 ground 276 through transistor 260. Transistor
254 is always on because the invertor reference voltage 250 is tied to the
gate 252 of the transistor 254 thus allowing the invertor node 256 to stay
hi gh. When the reference node 244 is high, the gate 258 of the transistor
260 opens effectively coupling invertet3-node 256 to ground. Accordingly,
the control signal at the gate 262 will generally be opposite that of gate
20 268, and only one of the transistors 264, 270 will be on at any given
time. Signal 248 is accordingly passed to either caonnection 272 or
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transistor 426 is open, coupling the programming reference voltage Vprog 424 to the

15 first plate 416 of antifuse 414. Additionally, the control voltage Vcont3 428 is biased
to open the gate 430 of transistor 432 effectively tying the second plate 418 of the
antifuse 414 to ground 434 through transistor 432. Under this arrangement, current
flows through the antifuse 414, breaking down the dielectric between the first plate
416 and the second plate 418 and creating conductive pathways between the first

20 and second plates 416, 418 of the antifuse 414. It should be appreciated that, while
illustrated with only one antifuse, and only one external pin connector, any number of
antifuses can be utilized to route any number of signal paths to external connection
pins. Further, known processing techniques may be used, including demultipliexors,
encoders, decoders, antifuse arrays, antifuse matrices and the like may be used.

25 A Stacked Device

Based upon a circuit simitar in function to that illustrated in Fig. 3or 4, a

stacked device can be easily realized. For example, memory chips cén be stacked
together to either increase available word size, or alternatively to increase total
memory capacity. Where increased storage capacity is to be realized, two or more

30 chips can be stacked together. The power, address, and input/output lines are all tied



10 external connection pin 436. This is done to protect the signal path 402
and the external connection pin 436 fromthe programing voltage. Should
the conponents be able to withstand the program vol tage w thout harlnSEPt g
their presence is not required. Once isolated, control signal 420 is biased
such that the gate 422 of transistor 426 is open, coupling the programm ng
reference voltage Vprog 424 to the 15 first plate 416 of antifuse 414.
Additionally, the control voltage Vcont3 428 is biased to open the gate 430
of transistor 432 effectively tying thz second plate 418 of the antifuse
414 to ground 434 through transistor 4 % Under this arrangenent, current
flows through the antifuse 414, breaking down the dielectric between the
first plate 416 and the second plate 418 and creating conductive pat hways
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routing matrix 332 avoids the necessity of external frames and external rerouting
circuitry otherwise required for stacking chips, and further eliminates the need for two
15 distinct chips and duplicative testing apparatus to form the stack. Two identical chips
can be stacked together, or alternatively, chips with different configurations may be
stacked. Further, both chips 301, 302 may include a routing matrix, 332.
Before stacking, the first chip 301 is programmed to route the signal 322 to
either pins 308 or 312. Assume for example, that the signal path 322 is routed to pin
20 308. The unprogrammed pin, 312 becomes isolated from the logic circuit 330. The
contact pin 310 of the second chip 302 may be an unused contact pin, or support for
example, a similar function as that provided by the signal path 322 of the first chip
301. The chips 301, 302 are stacked piggyback such that the programmed pin 308 of
the first chip 301 aligns vertically with the contact pin 310 on the second chip 302.
25 The unprogrammed contact pin 312 on the first chip 301 aligns vertically with a
contact pin 314 assigned to the logic in the second chip 302. .
The rerouted signal can be a chip select signal or any other external signal to
be applied to the chip stack 300. Further, multiple lines can be rerouted. For
example, several lines containing input/output on the first chip 301 can be rerouted to

30 align with unused pins on the second chip 302. Likewise, input/output pins on the



correspondi ng contact pins of the second chip 302 to formsubstantially
vertical, conductively coupled colums. At |east one of the chips 301
further includes a 10 routing matrix 332 to internally reprogram at +¢@§p2m5
one signal 322 fromthe logic circuit 330 to select between pins 308 and

312 as shown, however it will be appreciated that any nunber of routing
schenes are possible as nore fully explained herein. The routing matrix 332
avoi ds the necessity of external franmes and external rerouting circuitry

ot herwi se required for stacking chipss;t5and further elimnates the need for
two 15 distinct chips and duplicative testing apparatus to formthe stack.
Two identical chips can be stacked together, or alternatively, chips with
different configurations may be stacked. Further, both chips 301, 302 may

i ncl udsesondehima02mayi be resautedder alion with srused pinseon thesfirsg khip 30t iThis

progra [ Assune for

exanpl ggaﬂhgge Cﬁﬁt‘% %Jr%gil %Egﬂﬂ s\@ﬁlt&sm%gff'é&%(ﬁppﬁﬁﬂﬁ%ﬁ 't%Re unpr ogr amred
pi n, 3lbpresiateihby Hsatskilletirinnhé ket thagtils tdonaigue SSfliesTdguaiytbarirepi n 310 of
the second chip 302 may be an unused contact_pin, or support for exanple, a

si ni | asenienduHotdies Ratit dees tapackagad diesi Ginallypany nsgﬁoaﬁoftchwsr ¢asbechip
301 d
208 51 e Pagiher, debeflif BhBRIRE SRS oo IR B2 00L%310 oh the

second igiplgmefAted. 25 The unprogramed contact pin 312 on the first chip 301
al i gns vertlcal Idy with a contact pin 314 assigned to the logic in the
second chi p 3@ twortéﬂlwné&r%wtmplnc%s@W%nt@fﬁ@rpstgskl@atcmm;wghowh@ny

ot her I urt her,

mul ti pleﬁeg |fr215§e1§ xﬁégﬁ&ﬁr%r&rtglp 80?‘ 6%8%9%@li@é‘ilgﬁgﬁgé@yg&qﬁiﬁr{%ﬁg?dgont ai ni ng

I nput / gubpremmabtensingliercHip sblmoa@ha@abldmf eing atlapdtadoto3e\adralgfifferemih pimus ed
pi n? on the second c ' |

At vt ool v KRR
Igtr]lr Ito hggﬁﬁ?@ﬁg%gﬁlfﬁg %2 l:ﬁ}appfri'\gtl at e!j§ by t o%@ps%rﬁ‘qgﬁﬁﬂ]?iﬁ)trthﬂ%a%w%h? l(t: EI S
t echni qurevigim a esutingumiknx oo thachip ofesdficentscpbistidhton 4s redireteigrad packaged
?Ihgsdesqegﬁls yﬁtfﬁggqtﬁrﬁgﬁﬂééq@% Fﬁal@%@ thbeechlp 0persla<b g |;[1 %gg%rent s((j)% gtndl ng upon
configuration.
15 As a third alternative, internally reroutable options are provided. For example,
a single logic chip can be utilized in a number of applications where functions and
features are selectively disabled or enabled. For example, one chip can be fabricated
and tested and sold as two chips, where the lesser model chip disabled features and
connections. Afternatively, a user may wish to render a pin unused. In this
20 appilication, the pin is isolated from the logic, but an internal signal path may need
redirected. For example, in a simple application, a three input NAND gate chip can
be internally converted to a two input NAND gate by disabling one of the external pin
connectors leading to one of the NAND gate inputs, and internally tying the signal
path that once led to the now disabled connection to the gate ON position. This
25 allows the exact same chip die to serve multiple purposes.
It should be appreciated by those skilled in the art that programming the
present invention can be practiced either before or after final assembly. The antifuse
arrangement as described herein can be programmed while the semiconductor is in
the form of a bare die, and then packaged in its final form, or alternatively, the bare

30 die can be packaged, then programmed.



inplenented. In addition to utility in rerouting pin assignnments for
stacking chips without the need for external rerouting, the present jsep 2005
invention finds utility in providing programuable single chip solutions
capabl e of being adapted to several different pin 10 out assignnments. For
exanpl e, the sanme m croprocessor can be utilized for several different
sockets by providing the pins in a default configuration for one socket,
but. providing a routing matrix on the chip of sufficient sophistication to
redirect signal paths to different p[ﬂ%connections, maki ng the chip
operable in a different socket configuration. 15 As a third alternative,
internally reroutable options are provided. For exanple, a single logic
chip can be utilized in a nunber of applications where functions and

features ar Qaa‘amhg@lbwmbyd tHeSRRbARBOR N G8@NIAM by RsferfREbrefiifedhi p can be

fabricated and tested and sold as two chips, where the |'esser nodel chip
di sabl efmbedinents therdof, dowilide appareniihat medifications and vaniationg atiesh to render

a pin unused. Ln this 20 application, t in is isolated f.romthe. |l ogic,
but an PRITSEHR ithol CHEpailaBRimiRs sBioe pLEE iibeblion BBFREE T HieAbpatiaedy o o
appl i caldigs, @ three input NAND gate chip can be internally converted to a
two i nput NAND gate by disabling one of the external pin connectors |eading
to obe of the NAND gate inputs, and internally tying the signal path that
once led to the now di sabl ed connection to the gate ON position. This 25
allows the exact sanme chip die to serve nultiple purposes. It should be
appreci ated by those skilled in the art that programm ng the present
invention can be practiced either before or after final assenbly. The
antifuse arrangenent as described herein can be programmed while the

sem conductor is in the formof a bare die, and then packaged in its fina
form or alternatively, the bare 30 die can be packaged, then programed.
-16 Havi ng described the invention in detail and by reference to preferred
enbodi ments thereof, it will be apparent that nodifications and variations
are possible without departing fromthe scope of the invention defined in
t he appended cl ai ns.



5 17 CLAIMS - 1 SEP 2005 1. A signal routing circuit conprising: a first
signal path having a first segnent and a second segnent; a logic circuit
coupled to said first segnent of said first signal path; a first connector
pad coupled to said second segnent of ?2id first signal path; a routilr§gp 2005
matrix circuit in-line with said first 'signal path di sposed between said
first and second segnents, said routing matrix circuit progranmabl e between
a first state wherein said first segnment is coupled to said second segnents
and a second state wherein said firs nt is decoupled fromsaid second
segnent; and a programmng circuit céh%@@&?to said routing matrix circuit,
said progranmng circuit arranged to selectively programsaid routing
circuit between said first and second states, and to isolate said routing
mat ri x 1cArsegmat routiogegetiticdmpritingind second segnents of said first signal path

during progr?nqin 2., The si | routing circuit according to claiml,
wherein sai 8 V?)Lfquﬁbp%;w%g@%ﬂ%tﬁegmﬁ%tr?ﬁ‘giassggoudaﬁgﬁ‘ﬁ%f use disposed serially
bet ween sai d 1§dit sircHeERMd BREdTRECegREM T sERIFIBIignahpgthwherein  said
programming circuit is arran%gd to £rogran1sa|d antifuse between said first

and second adirgtcennector ppHeouplgd i saidsacppd seament pf saad Best gigng radhicl ai m 2,

wherein sal g.r&ﬁﬁ}&l rﬁgtrﬁ“c]tnfchf{ 'r?-;iﬁ@wit‘h SLMgfrE'te{ig a‘fgmrdi%%%a%ft L& <ot B 2N N9
swi tch positioned serially between sal d antriuse and said TTTst segment and
a secosgtopd egmMENs, BidTaitindmprix difcah @ebggarhirableybebedenacirscantd vaitdih ysid and
sai d econd segnment, said first, and second proaranning sSW fches operatively
coupl ediryt8e8mFN 15 ¢ruplpddmsnidgecondssements and a segogd dratoWhEsingel Bt seemant fuse

from said, SeliGrdm N8 s&fondak: capd segnents during programmng. - ? SEP
2955 19 4.U§A SI gna{] rsoutnl ng&glér?bui t conprising: a first signal path having a
first segnmentpregramenipg ciralii coppf te ewdneutpegnenk sjirceigchidgfrogaimiing circuit
arranged to selectively program said routing circuit between said first and second states, and to
isolate said routing matrix circuit from said first and second segments of said first signal path

during programming.

2. The signal routing circuit according to claim 1, wherein said routing matrix circuit comprises
an antifuse disposed serially between said first segment and said second segment, and wherein
said programming circuit is arranged to program said antifuse between said first and second

states.

3. The signal routing circuit according to claim 2, wherein said routing matrix circuit further
comprises a first programming switch positioned serially between said antifuse and said first
segment and a second programming switch positioned serially between said antifuse and said
second segment, said first and second programming switches operatively coupled to said

programming circuit and arranged to isolate said antifuse from said select one of said second

segments during programming.



plurality of second segnents independent from one another; a routing matrix
circuit in-line with said first signal path disposed between said first
segnent and said plurality of second segnents; and a programming circuit
coupled to said routing matrix circuit, wherein said routing matrix circuit
is programmabl e for each of said plurality of second segments betweenSi& 2055
first state where contact is nade to said first segnent and a second state
where contact is broken to said first segnent, said first segnent is further
coupled to a logic circuit, each of jgid second segnents are further coupled
to an associated contact pad, said roudting matrix conprises a sw tching
matri x di sposed between said first and second segnents of said first signal

pat h, gq&g{g&%éuﬁg%@%ﬂp&ﬁﬁ isii .programuabl e between said first and second
states; ‘sa & programmng circuit further conprises at |east one antifuse and

a sensi ngadirdtGignil pachiipd viinpoa Sat skgatent md it plonBtyarfisedond eegniersg egbhsfishidhi ng
matrix; said programmng.circujt is arranged to selectively program said
ant i f phwality gf miﬁgmga'is(ﬂnifm%m #ﬁ%mﬁﬁ? Fﬁ"gheﬁet ween said first and second

states, sahgyRRBShdddx CirdfiinllinRWlibafl Bt Jigas E)atﬁ RIBspSWdte v &eARhidGrstsi gnal
coding the programmed state of said at |east one antifuse, and said
swi t clsegroentand sad pluralifee! seenngrsegmentsi@oddi ng 1 ogic to control  switching

t hereof by _said at.|east. ntraql_signal... t of routing a signal
n-a e LenbtrBhngiihe R PL Ao M Bt TR o1 gnal’ path having
a first segnment and giéeaeingd nR@YOE LIt is frodRInMblafdr egihtofGhikigikrklity@fsai d
first segnment of said first signal_ path; coupling .a first cotnnector ad to
sai d second segffcARd sREMEAISPetY e Upigals WE%rFﬁ?“tﬁ‘:tlls mefe wogkl {5t 3588 oni ng a

routing matrix gid £ichnd RateiirdddnficBRibtbolleh i baid i dgnRtal,n di sposed between
said first and second segnents;
said first segment is further coupled to a logic circuit,
each of said second segments are further coupled to an associated contact
pad,
said routing matrix comprises a switching matrix disposed between said
first and second segments of said first signal path,
said switching matrix is programmable between said first and second
states;
said programming circuit further comprises at least one antifuse and a
sensing circuit coupling said at least one antifuse to said switching matrix;
said programming circuit is arranged to selectively program said antifuse
to control said switching matrix between said first and second states,
said sensing circuit outputs at least one switch control signal coding the
programmed state of said at least one antifuse, and
said switching matrix further comprises decoding logic to control

switching thereof by said at least one control signal.

5. A method of routing a signal in a semiconductor device comprising:
providing a first signal path having a first segment and a second segment;
coupling a logic circuit to said first segment of said first signal path;

coupling a first connector pad to said second segment of said first signal path;



isolating said routing matrix fromsaid first and second segnents;
programming said routing circuit to a select one of a first state wherein
said first segment is coupled to said second segnment, and a second-d3t5ap &5
wherein said first segnent is decoupled from said second segnment; and
re-coupling said first and second segnents to said routing matrix. 6. The
nmet hod of routing a signal according to claiml1l, wherein the routing matrix
conprises at |east one antifuse. 7., The nethod of routing a signal
according to claim6, further conprlg?ng appl ying a programming voltage to
at | east one antifuse after the routing matrix is isolated fromthe first

and second n the first d e ts are.re- coupled
fo the. roderigraae Rkt ol e B EGE el STt ea Fr om
sai d &ld filseadisecnd sagthértsise. 8. The met hod of routlng a signal according to
claim5, wherein said routing matrix is selectively isolated and coupled to
t he flrstlﬁﬂﬁ“@é@@ﬁﬁu%@ﬁﬁﬁﬁﬁghE?Sm ? fest enchyrooryl SSgMCAl y, a first transistor

bet ween Sglng%fﬁlﬂﬁtlﬁ lmhﬁﬁ%al 5 s8lel dnd br % GAAEALe whag%issihggm%ﬁ&ﬁi ally, a

second tr stor tmeen routing matri x and sai-d seco segnment; and
cont rigkbupg! to hmdgactcmsl segmad ahdfa sesdndastede wheremdsatdr fanssiegmentsis Hecouplellat e t he
first_.and .secon gne 9. A nethod of routing a signal in a
senlcﬁﬂaﬁﬁﬁa?ma 9%5% 55W%r|5|ng providing a routing matrix circuit by

coupl i NG aeWidiHBishd MFBidnd%edvRtiWedherds ol shRitrostirgtahtrixpat h and a plurality of
second signal paths, providing at |east one antifuse, and coupling a

sensing circuit between said at |east one antifuse and said sw tching

gﬁg{ Ih&e( rTﬂmﬁtﬁ%cE%ﬁggg%é)%ﬁl lgac%fr‘%g??o Shit Rl IR e r?suﬂu@&%%%&%{?%‘ one

ing mat’ri’x circult progra
sel ecleast ehyartidumaect said first signal path to one or nore of said plurallty
of second signal paths, and said first signal path is isolated from
remai ni ng ones of said plurality of second signal paths;

7. The method of routing a signal according to claim 6, further comprising:

applying a programming voltage to at least one antifuse after the routing matrix is
isolated from the first and second segments, wherein the first and second segments are re-
coupled to the routing matrix after said programming voltage has been removed from said at

least one antifuse.

8. The method of routing a signal according to claim 5, wherein said routing matrix is selectively
isolated and coupled to the first and second segments by:

positioning serially, a first transistor between said routing matrix and said first segment;

positioning serially, a second transistor between said routing matrix and said second
segment; and

controlling the gates of said first and second transistors to isolate the first and second

segments.

- 9. A method of routing a signal in a semiconductor device comprising:
providing a routing matrix circuit by coupling a switching matrix between a first signal
path and a plurality of second signal paths, providing at least one antifuse, and coupling a
sensing circuit between said at least one antifuse and said switching matrix, wherein

each of said second signal paths is independent from one another,



providing a progranmng circuit coupled to said at | east one antifuse, said
programming circuit being arranged to selectively programsaid routing
matrix circuit; coupling said first signal path to a logic circuit; _cp%ﬂ mg
each of said plurality of second signal paths to contact pads; and usifng
decoding logic to control said switching matrix using a swtch control
signal. 10. A signal routing circuit conprising: a first signal path having
a first segnment and a plurality of second segnents, each of said plurality
of second segnents independent from dgfie another; a routing matrix circuit
in-line with said first signal path disposed between said first segnent and

said plurality of second segnents,. sai.d routin trix.circuit programabl e
for each of said pl W%Fq“?'ﬁg&at%’ég%%g ‘%B@%@Hl‘%%%@%kﬁ“‘éeWF?@t@“gﬁa e wherein
contact is made fit@sigadldath tofonk of RGFRSHsaidPhetality HECEDAd Signkipamagard N cont act
is broken to said first segnent, wherein said routing matrix conprises a
switching matrix di sprd &t pignpaath is igolpted from geragiping oaghef sadpleity off sai d

first signal pag&onggi%ga] Wrtching matrix is programmabl e between said first
and second states, sa érog’ramﬂ' ng circuit further conprises at |east one

anti f use ampebvidingepwigngnmaingcirctit cauppddi tngaid at dasibné estfsegpad arigrdmemgt o sai d

swi tchin trix, erein said sensi. circuit aqutputs at |east one switch
contrcﬂmgfg‘%%ga%’@i’ E?Stef?étw YB@%%E&UQ{‘% XY at | east one antifuse,
and sai d swhidiinbREid TR siohal Sath RPEIgfcickehy, controlled by said at |east one
control signal, and said swtching matrix further conprises decoding |ogic

to control cewilinglspeipfishidroderlityyof sedogd signal paghstto egrdact pads; 8nd sj gnal , and said
progranmm ng_.ci LeUld 1S, NG L i r i ifuse to
control sa?‘%‘ﬁg\%g (c:1 nlgr%gglgrgc{rl X gséa%%‘gﬁéhgr%%é@ %(?{lgl?lgg% se?g{}ltgplglgé’%lés; and - 1

SEP 2005 21 a progranmming circuit coupled to said routing matrix circuit,

said programmng circui.t arranged to selectively programsaid routing
mat r i xloci%}%gﬂr‘r’h fog'é*f’&éléﬁ“%%%msmgst and second states for each of said

plurality QffirSQfRARChaSPRIVEY S first segment and a plurality of second segments, each of said
plurality of second segments independent from one another;

a routing matrix circuit in-line with said first signal path disposed between said first
segment and said plurality of second segments, said routing matrix circuit programmable for
each of said plurality of second segments between a first state wherein contact is made to said
first segment, and a second state wherein contact is broken to said first segment, wherein

said routing matrix comprises a switching matrix disposed between said
first and second segments of said first signal path,

said switching matrix is programmable between said first and second
states,

said programming circuit further comprises at least one antifuse and a
sensing circuit coupling said at least one antifuse to said switching matrix,
wherein said sensing circuit outputs at least one switch control signal coding the
programmed state of said at least one antifuse, and said switching matrix is
operatively controlled by said at least one control signal, and said switching
matrix further comprises decoding logic to control switching thereof by said at
least one control signal, and

said programming circuit is arranged to selectively program said antifuse

to control said switching matrix between said first and second states; and



11. A method of routing a signal in a sem conductor device conpri sing:
providing a routing matrix circuit by coupling a swtching matri x between
said first signal path and said plurality of second signal paths, prc¢pdisg
at | east one antifuse, and coupling a sensing circuit between said at | east
one antifuse and said switching matrix; coupling a first signal path to said
routing matrix circuit; coupling a plurality of second signal paths to said
routing matri x, wherein each of said second signal paths is independent
from one another, said routing matrixlcircuit programmable to selectively
connect said first signal path to one or nore of said plurality of second

signal paths, and. said firs ignal path is isolated fromthe rem nder ones
of Soai d”pl APHETMIE EEbAIsGRANE HRTTSBE SURHE A 2R IRAIRG C1 rou

coupl geaffrd tRédechilvely PAStral R d N USRI RLHANUREWESD saRfi8Cdd\4RbohdMAG am sai d
routing matrix circuit; and using decoding logic to control said swtching

mat r i onminef seak puralibyt aflseewdtsegrhends. gnal .

I1. A method of routing a signal in a semiconductor device comprising:

providing a routing matrix circuit by coupling a switching matrix between said first
signal path and said plurality of second signal paths, providing at least one antifuse, and coupling
a sensing circuit between said at least one antifuse and said switching matrix;

coupling a first signal path to said routing matrix circuit;

coupling a plurality of second signal paths to said routing matrix, wherein each of said
second signal paths is independent from one another, said routing matrix circuit programmable to
selectively connect said first signal path to one or more of said plurality of second signal paths,
and said first signal path is isolated from the reminder ones of said plurality of second signal
‘paths;

providing a programming circuit coupled to said at least one antifuse arranged to
selectively program said routing matrix circuit; and

using decoding logic to control said switching matrix using said switch control signal.



