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(57) 	 ABSTRACT 

A fault tolerant design for large area nitride semiconductor 
devices is provided, which facilitates testing and isolation of 
defective areas. A transistor comprises an array of a plurality 
of islands, each island comprising an active region, source 
and drain electrodes, and a gate electrode. Electrodes of each 
island are electrically isolated from electrodes of neighboring 
islands in at least one direction of the array. Source, drain and 
gate contact pads are provided to enable electrical testing of 
each island. After electrical testing of islands to identify 
defective islands, overlying electrical connections are formed 
to interconnect source electrodes in parallel, drain electrodes 
in parallel, and to interconnect gate electrodes to form a 
common gate electrode of large gate width Wg. Interconnec-
tions are provided selectively to good islands, while electri-
cally isolating defective islands. This approach makes it eco-
nomically feasible to fabricate large area GaN devices, 
including hybrid devices. 
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FAULT TOLERANT DESIGN FOR LARGE 
AREA NITRIDE SEMICONDUCTOR 

DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of PCT Interna-
tional patent application no PCT/CA2014/000762, entitled 
"Fault Tolerant Design for Large Area Nitride Semiconductor 
Devices", filed Oct. 28, 2014, designating the United States, 
and claiming priority from U.S. provisional patent applica-
tion No. 61/896,871, entitled "Fault Tolerant Design for 
Large Area Nitride Semiconductor Devices" filed Oct. 29, 
2013, both of which are incorporated herein by reference in 
their entirety. 
[0002] This application is related to: U.S. patent applica-
tion Ser. No. 13/388,694, entitled "Island matrixed gallium 
nitride microwave and power switching transistors", which is 
a national entry of PCT International application no. PCT/ 
CA2010/001202, filed Aug. 4, 2010, designating the United 
States, and which claims priority from U.S. provisional patent 
application No. 61/231,139, filed Aug. 4, 2009; U.S. patent 
application Ser. No. 13/641,003, entitled "High density gal-
lium nitride devices using island topology", which is a 
national entry of PCT International application no. PCT/ 
CA2011 /000396, filed Apr. 13, 2011, designating the United 
States, and which claims priority from U.S. provisional patent 
application No. 61/323,470, filed Apr. 13, 2010; and U.S. 
patent application Ser. No. 13/020,712, entitled "Gallium 
nitride power devices using island topography", filed Feb. 3, 
2011, which is a continuation in part of U.S. patent applica-
tion Ser. Nos. 13/388,694 and 13/641,003, claiming priority 
from United States provisional patent applications nos. 
61/231,139 and 61/323,470. All these applications are incor-
porated herein by reference, in their entirety. 

TECHNICAL FIELD 

[0003] This invention relates to semiconductor devices and 
systems for electronic power conversion circuits, and more 
particularly relates to devices and systems using high perfor-
mance power transistors, such as gallium nitride high electron 
mobility transistors (GaN HEMTs). 

BACKGROUND ART 

[0004] The above referenced related patent applications 
disclose semiconductor devices, such as gallium nitride 
(GaN) semiconductor power devices, using an island elec-
trode topology. 
[0005] For example, as disclosed in the above referenced 
co-pending U.S. patent application Ser. No. 13/020,712, 
entitled "Gallium nitride power devices using island topog-
raphy", GaN transistors with ultra-low on-resistance can be 
produced using Island TopologyTM. This particular island 
electrode topology provides a compact structure with a gate 
width more than double that of a conventional multi-finger 
design of a similar device size, with superior current handling 
per unit area. A breakdown voltage exceeding 1200V can be 
achieved. 
[0006] Faults or defective areas may, for example, be 
caused by defects in the semiconductor layer, e.g. caused by 
faults in the growth of gallium nitride on a silicon substrate, 
which has a different crystal structure. While GaN may be 
grown on some substrates, e.g. SiC, with lower defect densi- 

ties, it is desirable to be able to use less expensive GaN-on-
silicon substrates, which are known to have a higher defect 
density per unit area. 
[0007] A fault in the active channel region of a conventional 
large gate width, multi-finger GaN transistor design, such as 
shown in FIG. 1B, can cause failure of the entire device. As 
the device area increases, and depending on the defect density 
in active regions of the GaN semiconductor layer, the prob-
ability of one or more faults or defects increases. 
[0008] As disclosed in U.S. patent application Ser. No. 
13/020,712, in a GaN transistor using Island TopologyTM,  
such as illustrated in FIGS. 2A and 2B, it is possible to isolate 
defective areas, i.e., by disconnection of the gate strap from a 
gate electrode element in a defective area. If needed, a dis-
connected gate element may also be grounded to the source 
electrode. Where bump connections are used to the source 
and/or drain electrodes, individual source or drain island elec-
trodes may be electrically isolated by removing individual 
bump connections in defective regions. Thus, an island elec-
trode topology provides the ability to isolate faults or defec-
tive areas. Nevertheless, for a semiconductor layer having a 
particular defect density per unit area, as the device area 
increases, the probability of finding a defect in the device area 
increases accordingly. FIG. 3 shows a graph illustrating an 
example of die yield vs. device size for a conventional design 
of a GaN semiconductor transistor having a large gate width 
Wg, such as shown in FIG. 1. 
[0009] As will be described in more detail below, in view of 
the degree of interconnection of the gate electrodes in this 
structure, and the gate width per gate connection, disconnec-
tion of only one gate contact significantly decreases the over-
all gate width Wg of the device. For example, for a defective 
middle gate connection, its removal or isolation effectively 
deactivates 7 adjacent sets of source/drain and gate connec-
tions. In such an arrangement, for a multi-island device fab-
ricated on a GaN-on-silicon wafer, the yield of devices having 
an acceptable gate width Wg may be low, depending on the 
defect density per unit area of the substrate wafer. 
[0010] Moreover, for large gate width transistors using a 
large number of island electrodes, it will be apparent that it 
becomes complex and time consuming to electrically test 
each element separately, i.e., to electrically test each source 
island, drain island and gate electrode combination, to find 
defective elements or defective areas of the semiconductor 
layer. 
[0011] Thus, it would be desirable to provide systems and 
devices based on an island topology, which provide improved 
fault tolerance and/or which facilitate electrical testing for 
defect detection and mitigation. 
[0012] The present invention seeks to overcome, or miti-
gate, one or more of the above mentioned limitations of these 
known systems and devices using an island topology, or at 
least provide an alternative. 

SUMMARY OF INVENTION 

[0013] Thus, aspects of the invention provide systems and 
devices based on an island topology that provide improved 
fault tolerance and/or facilitate electrical testing and defect 
isolation. 
[0014] Aspects of the invention provide nitride semicon-
ductor devices, including GaN transistors and diodes based 
on an Isolated Island TopologyTM.  
[0015] One aspect of the invention provides a device struc-
ture for a nitride semiconductor transistor comprising: 
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a substrate; 
a nitride semiconductor layer formed on a device area of the 
substrate, the nitride semiconductor layer defining a plurality 
of active regions for an array of islands of a multi-island 
transistor, 
the array of islands extending in first and second directions 
over the device area, 
each of said active regions comprising a two dimensional 
electron gas (2DEG) region isolated from adjacent active 
regions by an intervening inactive region of the device area; 
each island having a source electrode, a drain electrode and a 
gate electrode formed on a respective active region of the 
island, each source electrode having a plurality of source 
peninsulas, each drain electrode having a plurality of drain 
peninsulas, the source and drain peninsulas being interleaved 
and spaced apart over the active region of the island to define 
a channel region therebetween, and the gate electrode formed 
on the nitride semiconductor layer over the channel region 
and running between the source and drain peninsulas across 
the island; 
the source, drain and gate electrodes of each island each 
having, respectively, a source contact area, a drain contact 
area and gate contact area; and 
the source, drain and gate electrodes of each island of the 
array of islands being arranged so that at least some electrodes 
of each island are electrically isolated from electrodes of 
neighboring islands in at least one of said first and second 
directions. 
[0016] The source, drain and gate electrodes contact areas 
of individual islands each comprise a contact pad having at 
least a minimum size required for electrical probing and 
testing to identify defective islands. 
[0017] The array of islands may comprise an nxm matrix of 
n rows and m columns of islands. In one arrangement, the 
source contact areas and gate contact areas of the ith and i-1th 
rows of islands are arranged in rows, positioned over inactive 
regions of the device area between the i—lth and ith rows of 
islands; and drain contact areas of the ith and i+lth rows of 
islands are arranged in rows, positioned over inactive regions 
of the device area between the ith and i+ Ith row of islands. 
[0018] In some embodiments, for each island, all electrodes 
(i.e., source, drain and gate electrodes) of each island are 
defined separately from, and electrically isolated from, all the 
electrodes of neighboring islands, in both directions (i.e., 
row-wise and column-wise) of the array. Electrical isolation 
of each of the source, drain and gate electrodes of each island 
facilitates testing and isolation of defective islands during 
fabrication of the transistor. 
[0019] The active area or region of each island defined by 
the 2DEG region of the nitride semiconductor hetero-struc-
ture may also be isolated from active regions of neighboring 
islands. For example, for a gallium nitride/aluminum gallium 
nitride (GaN/A1GaN) hetero-structure, the GaN layer may 
extend over the entire device area, while the A1GaN layer is 
patterned to define a rectangular active area comprising a 
2DEG region on each island of the array. In regions in 
between, the GaN layer only (without an overlying A1GaN 
layer) provides an inactive region of the semiconductor layer 
without a 2DEG region, which provides another level of 
isolation between neighboring islands. 
[0020] In some embodiments, an active area/region com-
prising a 2DEG region may extend laterally through a group 
or set of neighboring islands, e.g., a row of islands or a column 

of islands, or a group of neighboring islands in a row-wise 
and/or column-wise direction. 
[0021] In other embodiments, only some electrodes are 
electrically isolated from those of neighboring islands, and 
some electrodes may be electrically connected. For example, 
in some embodiments, one or more neighboring islands share 
a common source electrode. In some embodiments, elec-
trodes of a set of neighboring islands are interconnected in 
one direction of the array, e.g., in a row-wise direction of the 
array of islands, while electrodes of each island are electri-
cally isolated in a second direction, i.e., in a column-wise 
direction of the array. 
[0022] The device structure for a transistor further com-
prises an overlying interconnect structure comprising one or 
more dielectric (insulating) layers and metallization layers 
providing: a source interconnection (e.g., one or more source 
straps) interconnecting the source electrodes of multiple 
neighboring islands in parallel; a drain interconnection (e.g., 
one or more drain straps) interconnecting the multiple neigh-
boring drain electrodes in parallel; and 
a gate interconnection (e.g., one or more gate straps) inter-
connecting the gate electrodes of multiple islands to form a 
common gate, having a large gate width Wg. 
[0023] Advantageously, the source, drain and gate inter-
connections are configured to provide electrical isolation of 
one or more of source, drain and gate electrodes of any defec-
tive islands, to enable yield enhancement. 

[0024] For example, for a defective island, the electrical 
isolation comprises a layer of electrically insulating material 
isolating the source, drain and gate contacts of the defective 
island from the respective overlying source, drain and gate 
straps. 

[0025] In other embodiments, the source, drain and gate 
contacts of defective islands may be selectively isolated from 
the overlying gate, source and drain interconnections. 

[0026] Another aspect of the invention provides a device 
structure for a nitride semiconductor diode comprising: a 
substrate having a nitride semiconductor layer defining active 
regions of a device area on the substrate, said active regions 
comprising 2DEG regions; the device area comprising an 
array of islands extending in first and second directions over 
the device area; each island having an anode electrode and a 
cathode electrode formed on an active region of the island, 
spaced apart over the active region of the island to define a 
channel region therebetween; each anode electrode having an 
anode contact area, each cathode electrode having a cathode 
contact area; at least some the anode and cathode electrodes 
of each island of the array of islands being arranged so as to be 
electrically isolated from anode and cathode electrodes of 
neighboring islands in at least one of said first and second 
directions. 

[0027] In diodes according to some embodiments, all 
anode and cathode electrodes are electrically isolated from 
anode and cathode electrodes of neighboring islands in both 
directions. The device structure for a diode further comprises 
an overlying interconnect structure comprising one or more 
dielectric (insulating) layers and metallization layers provid-
ing: an anode interconnection interconnecting the anode elec-
trodes in parallel; a cathode interconnection interconnecting 
the cathode electrodes in parallel. 

[0028] Advantageously, the anode and cathode intercon-
nections are configured to provide electrical isolation of 
anode and cathode electrodes of defective islands. 
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[0029] Another aspect of the invention provides a testing 
and isolation methodology, i.e., a method for testing and 
fabrication of a device structure for a transistor, comprising 
the steps of: providing a device structure as described above, 
probing and electrically testing electrodes of each island of 
the array of islands, identifying and/or mapping defective 
islands; and selectively providing source, drain and gate elec-
trical interconnections only to respective source, drain and 
gate electrodes of islands other than said defective islands, 
thereby electrically isolating defective islands of the transis-
tor. 
[0030] Yet another aspect of the invention provides a hybrid 
device/system/assembly comprising: a GaN-on-silicon sub-
strate, at least one large-area GaN isolated island topology 
transistor formed on an area of the substrate, a MOSFET 
(Metal Oxide Semiconductor Field Effect Transistor) driver 
mounted on the substrate adjacent to the GaN transistor, 
directly interconnected in cascode configuration. 
[0031] Thus, device structures, devices and systems are 
provided based on an isolated island topology, wherein a 
nitride semiconductor layer defines active regions of a device 
area on the substrate, said active regions comprising 2DEG 
regions, for an array or matrix of a plurality of islands. Each 
transistor island has a respective source electrode, a drain 
electrode and a gate electrode. Each diode island has a respec-
tive anode and cathode electrode. At least some electrodes of 
each island are electrically isolated from corresponding elec-
trodes of neighboring islands, in at least one direction. 
[0032] In a large gate width transistor of some embodi-
ments, for example, isolation of islands comprises selective 
isolation of some or all of the source, drain and gate electrodes 
of each island from source drain and gate electrodes of neigh-
boring islands, in one or both directions laterally. Addition-
ally, patterning of the active region comprising the 2DEG 
regions may allow for inactive areas of the semiconductor 
layer between islands or between sets of islands in at least one 
direction. After electrical testing to identify defective islands, 
the overlying interconnect structure is then formed to provide 
source, drain and gate interconnections to all good islands, 
while defective islands are electrically isolated. 
[0033] In this arrangement, all electrodes of each island can 
be individually electrically tested independently of electrodes 
of neighboring islands. Thus, a map of good islands and 
defective islands across the entire area of the device, or entire 
wafer, can be generated. Furthermore, because each island of 
the array is isolated, when islands are interconnected to form 
a multi-island transistor or diode, electrodes of defective 
islands are not connected, thus isolating defective islands. For 
example, in a large area transistor, in each defective island, 
each of the source, drain and gate electrodes can be isolated 
with minimal disruption to connections to source, drain and 
gate electrodes of neighboring good islands. Removal of all 
connection elements for an island, i.e., each of the source, 
drain, and gate connections, may be advantageous to reduce 
any residual capacitances, electrical shorts, or other issues. 
[0034] Accordingly another aspect of the invention pro-
vides a nitride semiconductor device comprising: 
a substrate having a nitride semiconductor layer formed on a 
device area of the substrate and defining a plurality of active 
regions for an array of islands of a multi-island transistor, the 
array of islands extending in first and second directions over 
the device area; 
each of said active regions comprising a two dimensional 
electron gas (2DEG) region isolated from adjacent active 

regions by an intervening inactive region of the device area; 
each island having a source electrode, a drain electrode and a 
gate electrode formed on a respective active region of the 
island, each source electrode having a plurality of source 
peninsulas, each drain electrode having a plurality of drain 
peninsulas, the source and drain peninsulas being interleaved 
and spaced apart over the active region of the island to define 
a channel region therebetween, and the gate electrode formed 
on the nitride semiconductor layer over the channel region, 
the gate electrode running between the source and drain pen-
insulas across the island; 
each source electrode having a source contact area, each drain 
electrode having a drain contact area, each gate electrode 
having a gate contact area; 
the source, drain and gate electrodes of each island of the 
array of islands being arranged so that each island is electri-
cally isolated from neighboring islands in at least one of said 
first and second directions; 
an overlying isolation layer providing contact openings only 
to contact areas of non-defective islands while isolating con-
tact areas of defective islands; 
a source interconnection interconnecting the source elec-
trodes in parallel; a drain interconnection interconnecting the 
drain electrodes in parallel; a gate interconnection intercon-
necting the gate electrodes; 
said source, drain and gate interconnections thereby selec-
tively connecting non-defective islands and providing elec-
trical isolation of defective islands. 
[0035] Another aspect of the invention provides a nitride 
semiconductor device comprising: 
a substrate having a nitride semiconductor layer formed on a 
device area of the substrate and defining a plurality of active 
regions for an array of islands of a multi-island diode, the 
array of islands extending in first and second directions over 
the device area; 
each of said active regions comprising a two dimensional 
electron gas (2DEG) region isolated from adjacent active 
regions by an intervening inactive region of the device area; 
each island having an anode electrode and a cathode electrode 
formed on a respective active region of the island, spaced 
apart over the active region of the island to define a channel 
region therebetween; 
each anode electrode having an anode contact area, each 
cathode electrode having a cathode contact area; 
the anode and cathode electrodes of each island ofthe array of 
islands being arranged so that each island is electrically iso-
lated from neighboring islands in at least one of said first and 
second directions; 
an overlying isolation layer providing contact openings only 
to contact areas of non-defective islands and isolating contact 
areas of defective islands; 
an anode interconnection interconnecting the anode island 
electrodes in parallel; 
a cathode interconnection interconnecting the cathode island 
electrodes in parallel; and 
said anode and cathode interconnections thereby selectively 
connecting non-defective islands and providing electrical iso-
lation of defective islands. 
[0036] As will be apparent, this isolated island structure is 
also applicable to multi-island diodes using a similar multi-
island topology with selective interconnection of non-defec-
tive islands. This technology is particularly applicable to 
increasing yield when fabricating large area devices on sub-
strates with higher defect densities per unit area. For example, 
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the test methodology and interconnect scheme is particularly 
applicable to nitride semiconductors, such as those compris-
ing a GaN hetero-structure formed on lower cost silicon sub-
strates. 
[0037] In one embodiment, the semiconductor device 
structure comprises an array of island electrodes, the array 
being arranged as a plurality of islands, each island contain-
ing at least one pair of island electrodes acting respectively as 
source and drain electrodes with a gate electrode extending 
between each pair of island electrodes, and respective con-
tacts to each source, drain and gate electrode, and each island 
being completely electrically isolated from its neighbours. 
Thus, a multi-island device structure is provided that facili-
tates electrical testing of each individual island, for identifi-
cation and mapping of good and bad (non-defective and 
defective) islands of the array. 
[0038] Following testing, and identification of good and 
bad islands, electrical connections between islands of the 
array are selectively provided with isolation of defective 
islands. For example, bad islands, which are defective or fail 
to meet electrical specifications, may be isolated after testing 
by providing a dielectric insulating coating to one or more of 
the gate, source, and drain contact (test) pads of the defective 
island. Alternatively, a dielectric insulating layer may be pro-
vided over the entire array, and then contact openings selec-
tively opened to source, drain and gate electrodes of all good 
islands, as required, while defective islands are isolatedby the 
insulating layer over their contacts. The insulating layer may, 
for example, comprise a layer of a suitable polyimide dielec-
tric, which may be patterned to define the openings over each 
contact area that is to be electrically interconnected. Deposi-
tion of polyimide may comprise 3D printing techniques or 
materials. For example, after electrical testing and mapping 
of defective cells, patterning of a photosensitive negative-
tone polyimide dielectric layer may be accomplished by a 
combination of conventional mask based exposures, followed 
by a selective optical exposure using an optical system such as 
a computer numerical controlled (CNC) two axis machine 
capable of producing a light beam of similar diameter to the 
contact pad area to selectively expose and close contact areas 
of defective cells. 
[0039] Any suitable interconnect metallization technology 
may be used for interconnection of good islands. In one 
embodiment, the electrical interconnect (i.e., good island 
interconnections) comprises a copper redistribution layer 
(RDL). While the wasted die area is limited by the intercon-
nect technology, i.e., interconnect pad size, the RDL allows 
for use of smaller interconnections. Embodiments for sys-
tems comprising GaN power transistors may comprise vari-
ous patterns of interconnect metallization for source, drain 
and gate connections, e.g., a GaN-on-silicon substrate, on 
which is defined by one or more multi-island devices. In 
another alternative, a direct-write e-beam method may be 
used to define metal tracks to interconnect all good islands. 
[0040] In some embodiments, contacts maybe arranged to 
facilitate simultaneous testing of pairs or groups of neighbor-
ing islands, and then if a pair or group fails a group test, 
individual islands in this group can be tested separately to 
isolate one or more defective islands. For example, if a group 
or row of islands passes the test, no further sub-testing is 
required, thus saving a significant amount of test time. 
[0041] Advantageously, identification and mapping of 
defective islands in a large area semiconductor device, e.g. a 
10 mmx 10 mm device, with a large array of island electrodes 

enables each semiconductor device to be binned based on 
specifications such as aggregate gate width Wg or other 
parameters. Thus, the method provides the possibility of 
obtaining close to 100% yield of devices that are binned based 
on different specifications. 
[0042] This testing methodology allows for semiconductor 
devices to be produced on really large dies, while facilitating 
practical approaches to testing for defect detection and map-
ping of large dies, with significantly reduced test time. It then 
becomes economically feasible to fabricate large area devices 
with higher yield. 
[0043] Systems may further comprise one or more respec-
tive MOSFET driver circuits mounted on and directly inter-
connected on the substrate. As an example, for GaN power 
devices such as switching transistors, the GaN device is fab-
ricated on a large area die, such as a 5 mmx7 mm die, which 
comprises a 5 mmx5 mm GaN transistor and an adjacent die 
area to which a driver MOSFET device is mounted and 
directly electrically connected in cascode configuration, so as 
to provide a normally-off device. For example the driver 
MOSFET may be provided with a back-side/substrate drain 
contact, which directly contacts the source connection of the 
GaN transistor. This provides a silicon-on-GaN-on-silicon 
device structure, with a very low inductance interconnection 
between the two devices. 
[0044] Advantageously, embodiments of devices and sys-
tems provide structures which allow for at least one of 
improved fault tolerance, device testing and defect isolation. 
[0045] The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description, taken in 
conjunction with the accompanying drawings, of preferred 
embodiments of the invention, which description is by way of 
example only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] In the drawings, identical or corresponding ele-
ments in the different Figures have the same reference 
numeral, or corresponding elements have reference numerals 
incremented by 100 in successive Figures. 
[0047] FIG. 1A (Prior Art) shows a schematic cross-sec-
tional diagram representing a simplified GaN transistor; 
[0048] FIG. 1B (Prior Art) shows a schematic plan view of 
a large area GaN transistor to illustrate a conventional 
arrangement of source, drain and gate electrodes, wherein the 
source and drain electrodes each comprise a plurality of inter-
digitated fingers with a gate electrode running between, to 
provide a power transistor with a large gate width Wg; 
[0049] FIG. 1C (Prior Art) shows an enlarged view of part 
of FIG. 1B; 
[0050] FIG. 2A (Prior Art) illustrates schematically a plan 
view of a GaN power transistor structure using island topol-
ogy with castellated island electrodes; 
[0051] FIG. 2B (Prior Art) illustrates schematically a plan 
view of a GaN power transistor structure using island topol-
ogy with castellated island electrodes, illustrating fault isola-
tion; 
[0052] FIG. 3 (Prior Art) shows a graph illustrating die 
yield vs. device size for a large gate width Wg GaN transistor, 
such as shown in FIG. 1B; 
[0053] FIG. 4A illustrates schematically a semiconductor 
device for a transistor comprising a multi-island array of 
plurality of isolated islands according to a first embodiment 
of the invention; 



US 2015/0162252 Al 
	

Jun. 11, 2015 

[0054] FIG. 4B illustrates schematically a plan view of part 
of a large area GaN transistor structure according to the first 
embodiment of the present invention, comprising a multi-
island array (nxm matrix of rows and columns) of a plurality 
of electrically isolated islands, each island comprising a 
source electrode, a drain electrode, and a gate electrode, and 
respective source, drain and gate contact pads, with a dashed 
outline indicating one building block of four islands; 
[0055] FIG. 4C illustrates schematically an enlarged plan 
view of the building block of four electrically isolated islands 
of the first embodiment; 
[0056] FIG. 4D illustrates schematically a view of active 
2DEG regions of the underlying GaN semiconductor layer of 
the structure shown in FIG. 4B; 
[0057] FIG. SA illustrates schematically a plan view of part 
of a GaN transistor similar to that shown in FIG. 4B wherein 
the lengths of the building blocks of four islands in the x 
(row-wise) direction and y (column-wise) direction differ 
from those shown in FIG. 4B; 
[0058] FIG. 5B illustrates schematically a plan view of part 
of a large area GaN transistor structure similar to that shown 
in FIG. 5A wherein the lengths of the building blocks of four 
islands in the x (row-wise) direction and y (column-wise) 
direction differ from those shown in FIG. 5A; 
[0059] FIG. 6A shows a plan view of part of a large area 
GaN transistor structure similar to that shown in FIGS. 4A 
and 4B, illustrating fault isolation for a defective island; 
[0060] FIG. 6B shows a cross-sectional view through line 
B-B of the large area GaN transistor structure shown in FIG. 
6A, illustrating fault isolation of a drain contact of the defec-
tive island; 
[0061] FIG. 6C shows a cross-sectional view through line 
C-C of the large area GaN transistor structure shown in FIG. 
6A, illustrating fault isolation the source and gate contacts of 
the defective island; 
[0062] FIG. 7A shows a plan view of part of the large area 
GaN transistor structure according to the first embodiment, 
similar to that shown in FIG. 6A, after formation of an over-
lying metallization layer to form source straps, drain straps 
and gate straps interconnecting, respectively, the source elec-
trodes, drain electrodes and gate electrodes of multiple 
islands according to a first embodiment; 
[0063] FIG. 7B shows a cross-sectional view through line 
B-B of the large area GaN transistor structure shown in FIG. 
7A, showing a first alternative for patterning of the dielectric 
layers; 
[0064] FIG. 7C shows a cross-sectional view through line 
C-C of the large area GaN transistor structure shown in FIG. 
7A, showing another alternative for pattering of the dielectric 
layers; 
[0065] FIG. 8A shows a plan view of part of the large area 
GaN transistor structure of a second embodiment, having an 
isolated island structure similar to that shown in FIG. 6A, but 
differing from FIG. 7A, in that it comprises metallization to 
form large-area source, drain and gate contact pads intercon-
necting neighboring pairs of source, drain and gate contacts; 
[0066] FIG. 8B shows a cross-sectional view through line 
B-B of the large area GaN transistor structure shown in FIG. 
8A; 
[0067] FIG. 8C shows a cross-sectional view of the struc-
ture shown in FIG. 8B after further processing steps to add 
metallization layers, according to the second embodiment, 
comprising copper conducting layers of a subsequent pro-
cessing step; 

[0068] FIG. 9A illustrates schematically a plan view of a 
part of a large area GaN transistor structure according to 
another embodiment, comprising a multi-island array (ma-
trix) of a plurality of electrically isolated islands, each island 
comprising a shared common source electrode, a drain elec-
trode, and a gate electrode, as well as respective source, drain 
and gate contact pads, with a dashed outline indicating one 
building block of four islands; 
[0069] FIG. 9B illustrates schematically an enlarged plan 
view of the building block of four electrically isolated islands 
shown in FIG. 9A; 
[0070] FIG. 9C illustrates schematically a view of active 
2DEG regions of the underlying GaN semiconductor layer of 
the structure shown in FIG. 9B; 
[0071] FIG. 10A illustrates schematically a plan view of a 
part of a large area GaN transistor structure according to yet 
another embodiment, comprising a multi-island array (ma-
trix) of a plurality of electrically isolated islands, each island 
comprising a shared common source electrode, a drain elec-
trode, and a gate electrode, and respective source, drain and 
gate contact pads, with a dashed outline indicating one build-
ing block of two islands; 
[0072] FIGS. 10B and 10C show, respectively, enlarged 
views of parts of FIG. 10A, comprising a first metallization 
layer comprising the source electrode; and, a second metal-
lization layer comprising the gate electrode; 
[0073] FIG. 10D illustrates schematically an enlarged plan 
view of the building block of two electrically isolated islands 
shown in FIG. 1OA; 
[0074] FIG. 10E illustrates schematically a view of active 
2DEG regions of the underlying GaN semiconductor layer of 
the structure shown in FIG. 1OD; 
[0075] FIG. 11 shows a schematic perspective view of a 
chip comprising a GaN HEMT according to an embodiment 
of the present invention; and 
[0076] FIG. 12 shows a schematic perspective view of a 
chip comprising a cascode arrangement of a GaN HEMT 
according to an embodiment of the present invention and a 
pair of MOSFET driver chips mounted on the same substrate. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0077] FIG. 1A shows a schematic diagram of a simple 
GaN transistor 10. The GaN power transistor 10 comprises a 
substrate 12, e.g., a silicon or silicon carbide wafer, on which 
an active GaN semiconductor layer 14 is formed. The GaN 
semiconductor layer 14 comprises, for example, a GaN/Al-
GaN hetero-structure layer, i.e., a layer of GaN 16 and an 
overlying layer of A1GaN 18 to form an active region com-
prising a two dimensional electron gas (2DEG). A source 
electrode 20 and a drain electrode 22 are provided on the 
active GaN semiconductor layer 14 to define a channel region 
24 in the semiconductor layer between the source and drain 
electrodes, and a gate electrode 26 is provided over the chan-
nel region. In subsequent Figures, similar reference numerals, 
incremented by 100 in each successive figure, will be used to 
refer to these elements of each GaN transistor. 
[0078] In practice, to provide a large area GaN power tran-
sistor with a large gate width Wg, e.g., for use in high voltage 
and high current applications, a device structure 100 such as 
shown in FIG. 1B is conventionally used. The source and 
drain electrodes, 120 and 122, respectively, each comprise a 
plurality of fingers 130 and 132, respectively. The fingers 130 
and 132 are interdigitated along the length L of the substrate. 
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As shown more clearly in the enlarged schematic diagram of 
FIG. 1C, a gate electrode 126 runs from a gate contact 146, 
between each of the source and drain fingers 130 and 132, to 
provide a device with a large gate width Wg per unit area of 
the die. As an example, a 650 Volt device of this structure, 
which has an area of about 12 mm2, can provide a gate width 
of 300 mm. However, it will be apparent that a fault in the 
active region of the semiconductor substrate at any location in 
the active 2DEG channel region will cause failure of the entire 
device, thus significantly reducing die yield per wafer. 
[0079] As the device area increases, for a given defect den-
sity in the semiconductor layer, the probability of one or more 
faults or defects increases. 
[0080] A schematic diagram showing a GaN power transis-
tor 200 A based on an island electrode topology with castel-
lated island electrodes is shown in FIG. 2A. This structure is 
similar to that disclosed in the above referenced, related U.S. 
patent application Ser. No. 13/020,712. This structure com-
prises a substrate, i.e., a silicon or silicon carbide substrate, 
with a GaN semiconductor layer formed thereon to provide an 
active channel region. The GaN semiconductor layer prefer-
ably comprises a GaN/A1GaN hetero-structure layer, which 
provides an active channel region comprising a 2DEG region 
extending over the active device area of the substrate. An 
array (matrix) of alternating source island electrodes 220 and 
drain island electrodes 222 is provided on the GaN semicon-
ductor layer, with each source and drain island electrode 
being spaced apart to define a channel region 224 therebe-
tween. That is, in this island electrode topology, the array 
comprises an alternating arrangement of source island elec-
trodes 220 and drain island electrodes 222 in two axial direc-
tions. 
[0081] Each of the source island electrodes 220 comprises 
a plurality of source peninsulas 230 that extend from sides of 
the source island electrodes 220 over the channel region. 
Similarly, each of the drain island electrodes 222 comprises a 
plurality of drain peninsulas 232 that extend from sides of the 
drain island electrodes 222 over the channel region. The 
source and drain electrodes 220 and 222 are arranged so that 
the respective source and drain peninsulas, 230 and 232 
respectively, are interleaved over the active channel regions 
224. Except for islands near edges of the array, the source and 
drain peninsulas, 230 and 232 respectively, extend from four 
sides of each respective source and drain island. A plurality of 
interconnected gate electrodes 226 are formed on the semi-
conductor surface running in the channel regions 224 that 
extend between each source and drain electrode peninsula, 
230 and 232 respectively. The interconnected gate electrodes 
226 are connected to a common gate pad 246. This intercon-
nection topology provides a very large gate width Wg per unit 
area of the substrate. For example, the structure shown in FIG. 
2A can provide a gate width Wg per unit area several times 
greater than that shown in FIG. 1B. In one example, a 5 mmx5 
mm chip provided a gate width Wg of >1.2 m. 
[0082] As disclosed in the above referenced related patent 
applications, advantageously, the island electrode topology 
allows for a plurality of low inductance source and drain 
island connections to be distributed over the active area of the 
device structure, so that in operation, current is distributed 
over the device area. Also, as disclosed, selective connection 
or disconnection of the gate connections, and source and/or 
drain connections allows for faults to be isolated. 
[0083] Nevertheless, referring to FIG. 2B, it is apparent that 
if a fault 250 occurs in a channel region 224 near one of the 

middle island electrodes, disconnection of gate electrodes 
and source and/or drain island electrodes, to isolate the fault, 
requires isolation of the two islands 252, which affects opera-
tion of 7 channel regions 256. That is, the faulty channel 
region plus 6 neighboring channel regions are deactivated. 
For the example illustrated, with a 5x5 island array or matrix, 
where the gate width per channel region is wg, the total gate 
width of the device is Wg-38xwg. Disabling 7 channel 
regions as shown in FIG. 2B, reduces the total Wg of the 
device by 7/38 or by >18%. 
[0084] In the structure shown in FIGS. 2A and 2B, all 
islands are electrically interconnected. Thus, another chal-
lenge with the structure shown in FIGS. 2A and 2B is that 
testing of the island array to locate faults requires testing of 
each possible source/drain island pair to locate all faulty 
channel regions. 
[0085] A simplified view of a semiconductor device struc-
ture 300 comprising a GaN power transistor according to an 
embodiment of the present invention is shown schematically 
in FIGS. 4A, 4B, 4C and 4D. FIG. 4A shows the device 
structure 300 comprising a substrate, or a chip 312, having a 
device area 303. As illustrated, the device area 303 comprises 
an array 301 of a plurality of islands 304 extending in first and 
second directions, x and y, over the device area 303, e.g., an 
nxn array or matrix of islands. The substrate 312 comprises a 
silicon or silicon carbide wafer, having a nitride semiconduc-
tor structure formed thereon, e.g., similar to that illustrated in 
FIG. 1. That is, the nitride semiconductor structure comprises 
a GaN Netero-structure, e.g., a GaN/A1GaN hetero-layer 
16/18. The A1GaN layer is patterned to define a plurality of 
active regions 372 comprising 2DEG regions of the device 
area 303 of the substrate. As shown in FIG. 4B, which shows 
an enlarged view of part of the array 301 of islands, each 
island 304 comprises a source electrode 320, a drain electrode 
322, and gate electrode 326. The islands of the array are 
arranged in rows (x direction) and columns (y direction), in a 
repeating pattern based on a building block 302 comprising 
four islands 304, indicated in dashed outline in FIG. 4B. 
[0086] A further enlarged view of one building block (re-
peating cell) 302 of the array, comprising four isolated islands 
304-1, 304-2, 304-3, and 304-4, is shown schematically in 
FIG. 4C. The source electrodes 320 each comprise a plurality 
of source peninsulas 330 and the drain electrodes 322 each 
comprise a plurality of drain peninsulas 332. On each island, 
the source and drain peninsulas, 330 and 332 respectively, are 
interleaved, over an active region 372 of the island. A gate 
electrode 326 is formed on the semiconductor surface 318 and 
runs in the channel region 324 between the source and drain 
peninsulas, and form one element of the multi-island transis-
tor. In this embodiment, all respective electrodes (source, 
drain and gate electrodes) of each island are separate from and 
electrically isolated from electrodes of neighboring islands, 
in both directions of the array of islands. As illustrated sche-
matically in FIG. 4D, the GaN hetero-structure layer com-
prising the layer of GaN 316 and the overlying layer ofAlGaN 
318 is formed on the device area of the underlying semicon-
ductor substrate. TheAlGaN layer 318 is patterned to form an 
active area 372 extending over each island 304-1, 304-2, 
304-3, and 304-4, on which the source and drain peninsulas, 
330 and 332 respectively, extend to define the channel region 
324 running between the peninsulas. A gate electrode 326 is 
formed on each respective channel region 324. 
[0087] In this matrixed structure, in each "column" of the 
array or matrix (except at edges of the array), each source 
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electrode is adjacent a source electrode of a neighboring 
island, and each drain electrode is adjacent a drain electrode 
of a neighboring island, so as to provide isolation or inactive 
regions 370 between neighboring islands in a x (row-wise) 
direction. Thus, as illustrated in FIG. 4C, on each island, the 
source electrode peninsulas 330 and drain electrode peninsu-
las 332 are interleaved and spaced apart on an active region 
372 to form the channel region 324 therebetween, with the 
gate electrode 326 running between the peninsulas to form an 
isolated island transistor element having a gate width wg. For 
each isolated island 304-1 to 304-4, respective contact areas 
(or contact pads) 340 and 342 provides for electrical connec-
tion of the source and drain electrodes 320 and 322 and the 
gate electrode 326 is connected to a gate contact area 346. 
[0088] In each "row" of the array or matrix, at edges of 
islands, the edge peninsulas of the source electrodes are 
placed next to edge peninsulas of the neighboring source 
electrodes, and edge peninsulas of the drain electrodes are 
placed next to edge peninsulas of the neighboring drain elec-
trode. This arrangement provides isolation or inactive regions 
370 between the islands in a y (column-wise) direction. These 
inactive regions 370 extend between the islands in each of the 
x and y directions. 
[0089] Thus, in the resulting multi-island structure, elec-
trodes of each island of the array are electrically isolated from 
electrodes of neighboring islands. Additionally, inactive 
regions 370 of the substrate separate active regions 372 com-
prising 2DEG regions of each island. 
[0090] It will be apparent that the electrode arrangement on 
each island has a similar structure, but its orientation is related 
to that of an adjacent island by a particular symmetry opera-
tion (reflection or rotation about a column-wise or row-wise 
axis), i.e., adjacent islands have mirror symmetry relative to 
the direction of a y (column-wise) axis between them and 
each adjacent island has 180 degree rotational symmetry 
relative to the direction of ax (row-wise) axis between them. 
The building blocks are arranged like tiles, in a repeating 
pattern as a tiled array or wallpaper like pattern. Each building 
block (or "primitive cell", to use group theory notation) thus 
comprises 4 islands, arranged with a line group symmetry of 
p2mg using IUC notation, or 22* using Orbifold notation. 
[0091] The A1GaN layer of the GaN/A1GaN hetero-struc-
ture is patterned to define active regions 324 of each island 
304-1, 304-2, 304-3, and 304-4, which extend beneath the 
interleaved source and drain peninsulas, close to the rounded 
ends of the source and drain peninsulas, 320 and 330 respec-
tively. The source, drain and gate contacts, 340, 342 and 346 
respectively, are arranged on portions of the source, drain and 
gate electrodes which extend over the inactive regions 370. 
[0092] In this arrangement, each drain electrode is spaced 
from and adjacent to another drain electrode, and each source 
electrode is spaced from and adjacent to another source elec-
trode. Preferably, the gate contacts 346 are located away from 
high voltage drain electrode contacts 342. Thus, as illustrated 
in FIGS. 4B and 4C, the gate contacts 346 are positioned in 
the vicinity of the source contacts 340. 
[0093] The electrodes are shaped to provide sufficient con-
tact area for conventional bond pads, which allow for electri-
cal probing and testing of each electrode. That is, the contact 
areas must have a suitable minimum size, e.g. 80 µm diam-
eter, for electrical probing. In a column-wise direction, where 
drain electrodes are placed next to another drain electrode, the 
adjacent drain electrodes 322 are shaped so as to taper and 
provide a promontory 341 for a drain contact area 342, and the 

promontories are arranged in an interlocking fashion to pro-
vide denser packing of the island electrodes. Similarly, where 
there are adjacent source electrodes in the column-wise direc-
tion, each source electrode 320 has a promontory 321 to 
provide sufficient area for the source contact 340. Drain con-
tact areas 342 of sufficient size are arranged in the resulting 
spaces between the source electrodes. The promontories may 
vary in size and shape depending on the contact area required 
and the contact technology being used. 

[0094] Thus, apart from the promontories for the contact 
areas, each building block 302 shown in FIGS. 4A to 4D has 
an approximately rectangular or quadrilateral shape, with 
similar dimensions of each island in the x and y (row and 
column) directions. However, these dimensions may be var-
ied. For example, in the arrangement 400 A shown in FIG. 5A, 
each building block 402 A is narrower in a x (row-wise) 
direction than in they (column-wise) direction, i.e., Lx<Ly. In 
the arrangement 400 B, shown in FIG. 5B, each building 
block 402 B is wider in an x (row-wise) direction. The relative 
dimensions of the islands and building blocks are adjusted 
and optimized based on various design parameters, defect 
density, and to meet the required specifications, e.g., current 
and voltage handling capabilities. One parameter determin-
ing an optimum layout is the minimum contact pad size 
required by available interconnect technologies, and which 
enable electrical probing and testing. As mentioned above, 
typically, currently available technology requires a minimum 
pad size (contact area) of about 80 µm diameter, or an 80 
µmx80 µm rectangular pad. The minimum pad size is depen-
dent on the type of interconnect, which may be wire-bonding, 
or a flip-chip type ball/bump, or via type interconnection, or 
conductive posts, for example. More recently, interconnect 
and test technology has become available, which provides for 
the pad size to be reduced to about 25 µm diameter. In future, 
smaller pad sizes may be feasible. Other parameters for con-
sideration in the layout design and dimensions include the 
defect density, and the required Wg  per island. 
[0095] Referring to FIGS. 6A, 6B and 6C, the advantages 
of isolated island topology for fault detection and isolation 
will now be described in more detail. FIG. 6A shows sche-
matically part of an isolated island array similar to that shown 
in FIG. 4B. That is, there are a plurality of islands, each 
having a source electrode 520, a drain electrode 522 and a 
gate electrode 526 running in a channel region 524 between 
respective peninsulas 530/532 of the interleaved source and 
drain electrodes 520/522. As an example, a fault 550 is shown 
schematically in the channel region of the defective or faulty 
island 'F'  i.e., the island of row 2 and column 3 of that part of 
the matrix/array that is shown in FIG. 6A. 

[0096] Since each island is electrically isolated, testing to 
locate faults may be carried out island by island, i.e., by 
electrically probing the source electrode, drain electrode, and 
gate electrode, for each island in turn. If a fault is detected, 
e.g., fault 550 in the respective island I, shown in FIG. 6A, an 
insulating layer is provided on each of the contact pads 540-F, 
542-F, and 546-F for the source electrode 520-F, drain elec-
trode 522-F and gate electrode 526-F. As shown in FIG. 6B, 
which is a cross-section through line B-B in FIG. 6A, through 
the isolating row-wise regions 570 between islands, a GaN 
layer 516 is formed on the silicon substrate 512, and drain 
pads 542 are arranged row-wise in an x direction. The insu-
lating layer 560 comprises, for example, a spot of printed 
insulation applied to isolate the drain contact of the faulty 
island IF. Similarly, FIG. 6C shows a cross-section through 



US 2015/0162252 Al 
	

Jun. 11, 2015 

line C-C in FIG. 6A, showing similar isolation of the source 
contact 540-F and gate electrode contact 546-F, using a spot 
ofprinted insulation. Subsequently, when overlying intercon-
nect metallization layers are provided to form contacts to each 
other source, drain and gate contact pad 540, 542 and 546 (see 
FIGS. 7A, 7B and 7C), the faulty island I, will remain elec-
trically isolated, while all good islands will be electrically 
connected so as to distribute current in parallel across the 
source electrodes and drain electrodes and to interconnect all 
gate electrodes to a common gate pad, thereby providing a 
large Wg transistor. 

[0097] FIGS. 7A and 7B illustrate schematically a structure 
of a first embodiment, comprising interconnect metallization 
layers 690, 692 and 696 of an interconnect structure provid-
ing respective source strap and drain strap connections to 
each source electrode and drain electrode for good islands, 
and to provide gate interconnections to gate electrodes for 
each good island. That is, as illustrated in cross-section in 
FIG. 7B, after electrical testing and applying a spot of printed 
insulation 660 to contact areas of any defective cells, an 
insulating layer 680, e.g., a layer of polyimide, is selectively 
provided on the structure shown in FIG. 7A. For example, a 
layer of polyimide is deposited over all, and vias are opened 
through the polyimide layer to each source, drain, and gate 
contact areas (contact pads) 640, 642, and 646 respectively. 
The printed insulation layer 660 leaves the contacts of the 
defective cell electrically isolated. Then, one or more metal-
lization layers are selectively provided to define a source 
electrode strap 690, a drain electrode strap 692 and a gate 
electrode strap 696. For example, after pattering the dielec-
tric/insulating layer 680 to open contact vias, an interconnect 
layer, e.g. copper or other metallization, is selectively depos-
ited to form a drain strap 692 interconnecting each drain pad 
642. As will be apparent, metallization is also selectively 
deposited to define the source strap and gate strap. Selective 
deposition of the metallization layer or layers may be pro-
vided by any suitable known process, e.g., by patterning a 
mask and depositing or plating a copper layer, or by deposit-
ing a conductive metallization layer overall, and then subse-
quently masking and etching the metallization layer to define 
each source, drain and gate strap. Similarly the insulating 
layer of polyimide or other insulating material may be depos-
ited overall, then masked and etched, or a mask may be 
provided for selective deposition of insulating material only 
where required. That is, although source, drain and gate elec-
trodes of all islands of the array are isolated in both directions 
of the array, source, drain and gate interconnections are pro-
vided by the overlying interconnect structure, which com-
prises one or more dielectric (insulating) layers and metalli-
zation layers that form the source, gate and drain straps 
interconnecting respective source, drain and gate electrodes 
of a set of multiple islands, e.g., rows of islands. 

[0098] In a variant of this embodiment, as illustrated in 
FIG. 7C, a passivation layer of a suitable dielectric layer 680 
is deposited overall, and then selectively removed to define 
via contact openings to each source contact pad 640, drain 
contact pad 642 and gate contact pad 646. Thereafter, the 
islands are electrically probed and tested to identify defective 
islands. Insulation, such as a spot of printed insulation mate-
rial, is applied within the via contact openings of the defective 
islands, to provide a spot or plug of insulation to isolate 
contact areas of defective islands before the overlying inter-
connect metallization layers are fabricated. 

[0099] FIG. 8A shows an interconnect arrangement 
according to another embodiment using chip (or die) embed-
ded technology, as typically used for Printed Circuit Board 
(PCB) fabrication. This takes the structure from a chip scale 
to PCB scale fabrication process. In this embodiment, after 
forming the multi-island array for the transistor, including 
source, drain and gate electrodes for each island, an insulating 
layer 780 is deposited thereon and patterned to open up con-
tact openings to each drain, source or gate pad. After testing to 
locate faulty islands, the faulty islands are isolated by apply-
ing printed insulation 760 on respective source, drain and gate 
pads of the faulty island. The preceding steps areas described 
with reference to either FIG. 7B or 7C. Subsequently, a first 
metallization layer, e.g., copper is deposited to provide large 
area source contact pads 750 (super-pads) extending over 
each pair of source contact pads 740, large area drain contact 
pads 752 extending over each pair of drain contact pads 742, 
and large area gate contact pads 756 extending over each pair 
of gate contact pads 746. 
[0100] Thus, as illustrated in FIG. 8C, the copper is depos-
ited to provide copper drain contact pads 752 with sufficient 
area to contact each pair of drain pads 742. For example, if 
each drain pad is 80 µm diameter, the copper super-pad will be 
about 160 µm by 80 µm. A conventional PCB thick dielectric 
layer, e.g., FR4 dielectric 764, is provided thereon and pat-
terned to define openings 767 for copper vias 768, using 
conventional PCB via dimensions which are about 150 µm. 
Copper is then deposited to form the copper vias 768. An 
overlying layer of copper 792, which acts as the drain strap, 
contacts the copper vias 768 interconnecting the individual 
copper vias 768 through the larger pads 752 to each pair of 
drain contacts 742. 

[0101] In practice, for isolation of defective cells, the 
approach illustrated in FIG. 7C may be preferred. That is, a 
layer of insulating material is deposited over the wafer, and 
patterned to provide contact openings to all source, drain and 
gate contact areas. Then defective cells are isolated by pro-
viding a spot or plug of insulating material selectively in 
contact openings of defective cells. As will be appreciated, if, 
alternatively, the insulating material 760 is applied before the 
insulating layer 780, as illustrated in FIG. 7B, it is necessary 
that the insulating layer 780, e.g., a polyimide dielectric, can 
be selectively pattered to open contacts to each of the gate, 
source and drain pads, without removing the insulating mate-
rial 760, e.g., printed insulation, isolating contact pads of 
faulty or defective islands. 

[0102] In one embodiment, to facilitate integration with a 
standard process flow, the following process steps may be 
used for selective isolation of defective cells, using a single 
dielectric layer. After forming source, drain and gate contacts, 
the wafer is probed and electrical testing is performed to 
identify defective cells in each die, and to obtain data which 
defines coordinates of contact areas of source, drain, and gate 
contact areas to be isolated, i.e., to map good and bad cells in 
each die. A layer of a suitable dielectric is deposited on the 
wafer, e.g., a photosensitive negative-tone polyimide dielec-
tric is spun on over the entire wafer. A standard photoresist 
mask based exposure is made to pattern the dielectric, i.e., 
expose areas where a polyimide layer is to be provided, and to 
leave all source, drain and gate contact pads open (unex-
posed). Before conventional process steps are performed to 
remove unexposed polyimide from all contact areas, an addi-
tional step is performed. The additional step uses an optical 
system that can selectively identify and expose (close) the 
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contact pads of defective cells to be isolated. Since defective 
cells will differ from die to die, the dielectric layer for each die 
is patterned individually. The optical system may comprise a 
computer numerical controlled (CNC) two axis machine, 
capable of producing a light beam the diameter of, or mar-
ginally larger than a contact pad to be isolated. Using data 
from electrical testing, which identifies the location or coor-
dinates of contact areas of faulty cells, a map is defined for 
each contact area or pad to be closed. The wafer is then 
optically scanned with the CNC machine, using the map or 
coordinates of defective islands, to control the light beam to 
selectively expose (close) contact areas of faulty or defective 
cells. After the CNC exposure, or "touch-up", to expose and 
close contact areas of defective cells, the wafer is returned to 
the regular process flow. The resulting polyimide dielectric 
layer provides source, drain and gate contact openings only to 
cells that tested good, and contact areas to defective cells are 
covered in dielectric, so that they are isolated from overlying 
interconnect metallization. 

[0103] In a variant of the latter process, instead of using a 
standard mask to first define all contact areas in the polyimide 
layer, the CNC machine may be used to optically scan or 
"paint" the polyimide layer to individually pattern the poly-
imide layer for each die, to provide a dielectric insulating 
layer as required, including selectively closing contact areas/ 
pads of defective cells, while leaving source, drain and gate 
contact areas to good cells open. 

[0104] As shown in FIG. 9A, a GaN power transistor com-
prising an isolated island electrode structure of yet another 
embodiment comprises a plurality of isolated islands similar 
to those shown in the preceding sets of FIGS. 4 to 8. The 
arrangement shown in FIG. 9A is similar to that shown in the 
above described embodiments, in that the building block (or 
primitive cell) of the repeating pattern of the matrix com-
prises 4 islands arranged with the same p2mg (IUC notation) 
or 22* (Orbifold notation) symmetry as the arrangement pre-
viously described. However, in this embodiment, the gate 
connections are centered row-wise between each adjacent 
island. One building block is shown enlarged in FIG. 8B. This 
center-fed gate arrangement (i.e., a "forked gate" or "bi-
furcated centered gate" arrangement), halves the gate connec-
tion length of each gate electrode. This structure has a com-
mon/shared source connection. Also, as illustrated, there is a 
shared source peninsula along the y-axis in the column-wise 
direction. In this structure, unlike the previously described 
embodiments, the active 2DEG area 872 comprising the 
GaN/A1GaN hetero junction structure extends in they direc-
tion between each island across the row-wise direction, as 
shown in FIG. 9C. However, an inactive region 870 compris-
ing only the GaN layer extends in the x direction between 
each row of islands. The structure of this embodiment pro-
vides an improvement in density and efficiency, i.e., the areas 
872 extending in the y direction between islands along each 
row are also active 2DEG areas. 

[0105] To isolate a defective island, it is necessary only to 
disconnect/isolate the drain and gate of the faulty/defective 
island. Since the source of the faulty island is not discon-
nected, there is a penalty in having a common source connec-
tion, in that the remaining source connection introduces some 
stray capacitance. Nevertheless, this penalty is small when 
compared to the total capacitance of the large size of the 
device. FIG. 9C illustrates how the active areas defined by the 
GaN/A1GaN hetero-structure layers 16 and 18 are patterned 
for this embodiment. That is, within each building block, and 

between building blocks, the four islands are isolated by 
regions 870 extending in the x direction between rows of 
islands, but the active area 872 extends in the y direction 
between columns of islands. Source, drain and gate contacts 
are provided to enable each island to be independently 
probed, tested and isolated, as appropriate. 
[0106] While each island may be individually tested elec-
trically to locate faults, another more efficient approach to 
testing is to connect and test each row of islands as a whole, to 
determine if the row is good or bad. For example, it may be 
expected that only 2% to 3% of islands will have a fault, 
whereas most islands and rows of islands will be good. When 
a bad row is detected, individual islands, or sets of islands in 
that row are then tested to locate any island(s) having a fault. 
Faulty islands can thus be located, mapped, and/or isolated 
more quickly. 
[0107] In embodiments described above, faulty islands 
may be isolated by placing insulation, as appropriate, on one 
or more of the source, drain and/or gate pads of defective 
islands, i.e., to block electrical connections when the metal 
interconnect layers are subsequently formed. However, 
another approach is to proceed with making electrical con-
tacts to all source, drain and gate pads and then selectively 
connecting only good islands by custom pattering of the 
interconnect metallization, i.e., the next level of interconnect, 
by patterning the source, drain, and gate straps to connect to 
only good islands, based on a map of good and bad islands 
generated by testing. 
[0108] Any known method of selective formation of one or 
more metallization layers may be used. A direct write e-beam 
method may be used to define interconnect metal to connect 
all good islands. 
[0109] Yet another embodiment is shown in Figures to 10A 
to 10E. As illustrated in FIG. 10A, each island has a castel-
lated source electrode 920 and drain electrode 922, with a 
gate electrode 926 running between interleaved source and 
drain peninsulas 930 and 932 respectively, over channel 
regions 924, similar to those shown in FIG. 9. Neighboring 
pairs of islands share a common source electrode 920. This 
structure illustrates one example of how multilevel metal is 
used for the electrode metallization to provide for an opti-
mized gate layout and lower gate resistance. One level of 
metallization defines each source electrode 920, comprising 
source peninsulas 930, as well as each drain electrode 922, 
comprising drain peninsulas 932. Parts of these are illustrated 
in more detail in the enlarged schematic shown in FIG. 10B. 
As illustrated in the enlarged schematic in FIG. 10C, each 
gate electrode 926, gate pad 946 and gate field plate 985 is 
provided by another metallization layer. By using two or 
more metallization layers source and gate metal layers can be 
stacked one over the other, i.e., separated by an appropriate 
insulating layer. For example, as shown, part of the source 
electrode runs over part of the gate 926 that extends to the gate 
contact 946. FIG. 10D shows a view of one building block of 
the array, which comprises two islands 904-1 and 904-2. As 
described for other embodiments, this building block can be 
arranged in a repeating pattern to create a larger array. FIG. 
10E shows schematically the active areas 972 comprising 
2DEG regions, and isolation regions (inactive regions) 970 
between rows of islands, which are patterned similarly to 
those shown in FIG. 9C. 
[0110] In summary, embodiments of the invention are 
described that provide a large area, large gate width GaN 
power transistor based on an isolated island topology, which 
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facilitates testing and fault isolation. As will be appreciated, a 
similar isolated island topology is also applicable to GaN 
diodes. 
[0111] As described above, GaN power transistor struc-
tures according to specific embodiments of the invention are 
described, where the GaN semiconductor layer comprises a 
GaN/AZGaN hetero-structure layer to provide a 2DEG chan-
nel region, formed on a silicon carbide or silicon substrate. 
Although these structures are described, by way of example, 
as normally-on nitride semiconductor transistors, the isolated 
island structure may also be used for normally-off nitride 
semiconductor transistors. 
[0112] Depending on the contact structure, i.e., whether, 
for example, ball/bump or via contact technology is used, the 
substrate may be conductive or not conductive, and may 
comprise silicon carbide, or silicon, or other suitable material. 
A buffer layer may be provided on the substrate if required, to 
enable formation of epitaxial layers to form a nitride semi-
conductor hetero junction structure, such as the GaN/A1GaN 
hetero-layer described above. The epitaxial layers are pat-
terned by a suitable known process to define an active region 
comprising a 2DEG region of the device structure for each 
island. 
[0113] The structures described above allow for a novel 
testing and fault isolation methodology, i.e., method for test-
ing/fabricating a device structure comprising the steps of: 
testing in sequence each island; identifying and mapping 
defective islands; selectively interconnecting good islands 
and isolating bad islands. The testing sequence may involve 
testing each island individually. Alternatively, sets of islands 
may be tested, e.g., an entire row of islands. Then, faulty sets 
may be further tested in subsets of islands or individual 
islands to identify faulty islands. 
[0114] Fabrication and testing sequences may be imple-
mented in different ways. For example, testing may be done 
after passivation and forming electrical contacts for each 
island, in the form of contact pads of sufficient size to allow 
for electrical probing and testing. Then, after testing, the 
overlying interconnect structure would be completed in a 
different facility. Alternatively, if possible, electrical testing 
may be done during wafer fabrication, followed by comple-
tion of the overlying interconnect structure in the wafer fab-
rication facility. 
[0115] A chip comprising a GaN high electron mobility 
transistor (GaN HEMT) according to an embodiment of the 
invention is shown in FIG. 11. It comprises a substrate 1012, 
such as a silicon substrate, on which a GaN semiconductor 
layer is formed, i.e., a GaN/A1GaN hetero-structure 1016/ 
1018 (not shown), similar to that described above, which is 
patterned to define an array of a plurality of island regions. 
Then source, drain, and gate electrodes are defined as illus-
trated in FIG. 9 to form an array of isolated islands, i.e., 4x4 
building blocks. Then metallization layers are patterned to 
define a source strap 1090, a drain strap 1092 and gate straps 
1096. 
[0116] FIG. 12 shows a hybrid device/system/assembly 
according to yet another embodiment, comprising: a silicon 
substrate, a large area, normally-on, GaN isolated island 
topology transistor formed on a first area of the substrate, 
which is similar to that shown in FIG. 11, and a pair of 
MOSFET driver circuits mounted on an adjacent area of the 
substrate so that the MOSFET drivers are directly intercon-
nected to the GaN transistor in cascode configuration. This 
assembly thus provides a silicon-on-GaN-on-silicon hybrid 

structure. In some alternative embodiments, not illustrated, 3 
or 4 large Wg  transistors may be provided on one substrate. 

[0117] Thus, nitride semiconductor device structures, 
devices and systems are provided based on an isolated island 
topology. In this arrangement each island can be individually 
electrically tested independently of its neighbours. Thus, a 
map of good islands and defective islands across the entire 
area of the device or wafer can be generated. Furthermore, 
because each island of the array is isolated, when good islands 
are interconnected to form a multi-island device, defective 
islands are not connected and thus isolated. For example, in a 
large area transistor, in each defective island, each of the 
source, drain and gate electrodes can be isolated with minimal 
disruption to connections to source, drain and gate electrodes 
of neighboring good islands. Removal of all connection ele-
ments for an island, i.e., source, drain and gate connections, 
may be advantageous to reduce any residual capacitances, 
electrical shorts, or other issues. 

[0118] As will be apparent, this isolated island structure is 
also applicable to multi-island diodes using a similar multi-
island topology. This technology is particularly applicable for 
increasing yield when fabricating large area devices on sub-
strates with higher defect densities per unit area. For example, 
the test methodology and interconnect scheme is particularly 
applicable to nitride semiconductors, such as those compris-
ing a GaN hetero-structure formed on a lower cost silicon 
substrate. 

[0119] A multi-island device structure for GaN power tran-
sistors or diodes is provided that facilitates electrical testing 
of each individual island, and identification and mapping of 
good and bad (defective) islands of the array. 

[0120] Following testing, and identification of good and 
bad (defective) islands, electrical connections between 
islands of the array are selectively provided with isolation of 
defective islands. For example, bad islands, which are defec-
tive or fail to meet electrical specifications, may be isolated 
after testing by providing a dielectric insulating coating to one 
or more of the gate, source, and/or drain contact (test) pads of 
the defective island. Alternatively, a dielectric insulating 
layer may be provided over the entire array, and then contact 
openings selectively opened to source/drain and gate elec-
trodes of all good islands, as required, while defective islands 
are isolated by the insulating layer over their contacts. 

[0121] In summary, isolation between islands in one or both 
directions may be provided by appropriate layout and place-
ment of the source, drain and gate electrodes of each island, 
and/or by appropriate patterning of active 2DEG regions of 
the array of islands over the device area. Thus, in embodi-
ments described herein, an active region requires a source 
electrode or source peninsula suitably spaced from a drain 
electrode or drain peninsula, a gate electrode in between, and 
an underlying GaN/A1GaN 2DEG region (i.e., S-G-D on 
2DEG). 

[0122] If the GaN/AZGaN hetero-layer is not present in the 
channel region between adjacent source and drain regions, or 
between neighboring islands, then the region is not active and 
will provide electrical isolation between islands, without any 
further isolation means being required. 

[0123] If there is a 2DEG region between two S-S or two 
D-D regions and no gate, then those two regions would be 
electrically connected, in fact shorted together by the 2DEG 
region. The gate is present to turn the 2DEG channel on or off. 
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In some embodiments, where neighboring islands share a 
common source, a gate is not needed in the region between the 
islands. 
[0124] In some embodiments, contacts maybe arranged to 
facilitate simultaneous testing of pairs or groups of neighbor-
ing islands, and then, if a pair or group fails a group test, 
individual islands in this group can be tested separately to 
isolate one or more defective islands. 
[0125] Advantageously, identification and mapping of 
defective islands in a large area semiconductor device, per-
haps a 10 mm by 10 mm device, with a large array of island 
electrodes, enables each semiconductor device to be binned 
based on specifications such as aggregate gate width Wg or 
other parameters. Thus, the method provides the possibility of 
obtaining close to 100% yield of devices that are binned based 
on different specifications. 
[0126] This testing and fault isolation methodology allows 
for semiconductor devices to be produced on large dies, while 
facilitating practical approaches to testing for defect detec-
tion and mapping of large dies, with significantly reduced test 
time. It then becomes feasible to fabricate large area devices 
with much higher yield. 
[0127] This approach to fault detection in large area dies 
also makes it practically feasible to consider hybrid integra-
tion of the GaN devices with a MOSFET (Metal Oxide Semi-
conductor Field Effect Transistor) on a common substrate. As 
an example, for GaN power devices such as switching tran-
sistors, this allows for the GaN device to be fabricated on a 
large area die, such as a 5 mmx7 mm die, which comprises a 
5 mmx5 mm GaN transistor and an adjacent die area to which 
a driver MOSFET device is mounted and is directly electri-
cally connected in cascode configuration, so as to provide a 
normally-on device. For example, the driver MOSFET may 
be provided with a back side/substrate drain contact, which 
directly contacts the source connection of the GaN transistor. 
This provides a silicon-on-GaN-on-silicon device structure 
with a very low inductance between the GaN transistor and 
the driver MOSFET. 
[0128] Device structures according to other embodiments 
(not illustrated) may comprise large area diodes. For 
example, a nitride semiconductor diode comprising: a sub-
strate having a nitride semiconductor layer defining active 
regions of a device area on the substrate, said active regions 
comprising 2DEG regions. An array of islands is defined on 
the nitride semiconductor layer, the array of islands extending 
in first and second directions over the device area. Each island 
has an anode island electrode and a cathode island electrode 
formed on an active region of the island, spaced apart over the 
active region of the island to define a channel region therebe-
tween, with a respective contact area on each electrode. The 
anode and cathode island electrodes of each island of the 
array of islands are arranged so that each island is electrically 
isolated from neighboring islands in at least one of said first 
and second directions. An anode interconnection intercon-
nects the anode island electrodes in parallel and a cathode 
interconnection interconnects the cathode island electrodes in 
parallel, and the anode and cathode interconnections are con-
figured to selectively connect good islands and to provide 
electrical isolation of defective islands. 
[0129] The isolated island topology for GaN power transis-
tors and diodes disclosed herein facilitates testing for fault 
detection and mapping, and subsequently enables selective 
interconnection of source, drain and gate electrodes of each 
island of the array of islands, with electrical isolation of 

defective islands. This topology is also more generally appli-
cable to power transistors and diodes using nitride semicon-
ductor technologies and for both normally-on and normally-
off transistors. 
[0130] Although embodiments of the invention have been 
described and illustrated in detail, it is to be clearly under-
stood that the same is by way of illustration and example only 
and not to be taken by way of limitation, the scope of the 
present invention being limited only by the appended claims. 

1. A nitride semiconductor device comprising: 
a substrate; 
a nitride semiconductor layer formed on a device area of 

the substrate, the nitride semiconductor layer defining a 
plurality of active regions for an array of islands of a 
multi-island transistor, the array of islands extending in 
first and second directions over the device area; 

each of said active regions comprising a two dimensional 
electron gas (2DEG) region isolated from adjacent 
active regions by an intervening inactive region of the 
device area; 

each island having a source electrode, a drain electrode and 
a gate electrode formed on a respective active region of 
the island, each source electrode having a plurality of 
source peninsulas, each drain electrode having a plural-
ity of drain peninsulas, the source and drain peninsulas 
being interleaved and spaced apart over the active region 
of the island to define a channel region therebetween, the 
gate electrode being formed on the nitride semiconduc-
tor layer over the channel region and running between 
the source and drain peninsulas across the island; 

each source electrode having a source contact area, each 
drain electrode having a drain contact area, each gate 
electrode having a gate contact area; 

the source, drain and gate electrodes of each island of the 
array of islands being arranged so that each island is 
electrically isolated from electrodes of neighboring 
islands in at least one of said first and second directions; 

an overlying interconnect structure comprising at least one 
dielectric isolation layer and at least one metallization 
layer; 

the at least one dielectric isolation layer being patterned to 
provide contact openings only to source, drain and gate 
contact areas of non-defective islands, while electrically 
isolating contact areas of defective islands; and 

the at least one metallization layer providing: 
a source interconnection interconnecting in parallel the 

source electrodes of multiple islands; 
a drain interconnection interconnecting in parallel the 

drain electrodes of multiple islands; and 
a gate interconnection interconnecting the gate electrodes 

of multiple islands to form a common gate, 
said interconnect structure thereby selectively intercon-

necting non-defective islands of the multi-island transis-
tor and providing electrical isolation of defective 
islands. 

2. The device structure of claim 1 wherein the source, drain 
and gate electrode contact areas of individual islands each 
comprise a contact pad having at least a minimum size 
required for electrical probing and testing for identification of 
defective islands before formation of the overlying intercon-
nect structure. 

3. The device structure of claim 1 wherein the array of 
islands comprises a matrix of rows and columns of islands. 
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4. The device structure of claim 1 wherein the array com-
prises rows and columns of islands, and the source and drain 
electrodes of each island of the array are arranged such that: 

in the first direction (row-wise), except at edges of the 
array, each source electrode is positioned adjacent to a 
source electrode of a neighboring island, and each drain 
electrode is adjacent to a drain electrode of a neighbor-
ing island, so as to provide isolation comprising an inac-
tive region between neighboring islands in the first 
direction; 

in the second direction (column-wise), except at edges of 
the array, at least some source electrodes are positioned 
adjacent a source electrode of a neighboring island, and 
at least some drain electrodes are positioned adjacent a 
drain electrode, so as to provide isolation comprising an 
inactive region between sets of neighboring islands in 
the second direction; and 

each source electrode contact area, each drain electrode 
contact area and each gate electrode contact area com-
prising a respective contact pad, each contact pad being 
located over the inactive region of the substrate extend-
ing between islands in the first direction. 

5. The device structure of claim 4 wherein, in the second 
direction, except at edges of the array, each source electrode 
is positioned adjacent a source electrode of a neighboring 
island, and each drain electrode is positioned adjacent a drain 
electrode so as to provide isolation comprising an inactive 
region between each neighboring island in the second direc-
tion. 

6. The device structure of claim 4 wherein, in the second 
direction, except at edges of the array, for a set of islands, a 
side of at least one source electrode is positioned adjacent a 
source electrode of a neighboring island, and/or a side of at 
least one drain electrode is positioned adjacent a drain elec-
trode of a neighboring island, so as to provide isolation com-
prising an inactive region between sets of neighboring islands 
in the second direction. 

7. The device structure of claim 4 wherein for each group of 
four islands, the source and drain electrodes are arranged to 
provide isolation between each row of islands. 

8. The device structure of claim 4 wherein, the rows and 
columns of islands of the array are arranged as a repeating 
pattern of a group of four islands, wherein the source and 
drain electrodes are arranged to provide isolation between at 
least each row of islands. 

9. The device structure of claim 4 wherein source elec-
trodes of neighboring islands in the first (row-wise) and sec-
ond (column-wise) directions are coupled to form a common 
source electrode for each neighboring pair of rows of islands. 

10. The device structure of claim 9 wherein the source and 
drain electrodes are further arranged to provide an active 
region between each column of islands. 

11. The device of claim 10 wherein source electrodes of 
adjacent islands in a row-wise direction are interconnected to 
form a common source across at least part of the row. 

12. The device structure of claim 9 wherein, for a normally-
on device, for each island, the contact area of the gate elec-
trode is arranged over the inactive region in the vicinity of the 
source contact area of the respective island. 

13. The device structure of claim 4 wherein said contact 
areas of the respective source electrodes and drain electrodes 
of each island are provided on promontories of each respec-
tive source and drain electrode, said promontories extending 
over the inactive region. 

14. The device structure according to claim 4 wherein 
respective gate contacts of each island pair in a first direction 
are centered over the inactive region between each island pair 
and connect to a centre region of each island gate electrode. 

15. The device of claim 4 wherein the array comprises a 
plurality of islands arranged as a repeating pattern of a build-
ing block of four islands. 

16. The device of claim 4 wherein the array comprises a 
plurality of islands arranged as a repeating pattern of a build-
ing block of four islands, the four islands of the building block 
being arranged in a pattern having p2mg symmetry. 

17. The device of claim 1 wherein the gate interconnection 
comprises one or more gate straps extending in the first direc-
tion and interconnecting gate contacts of adjacent islands; the 
source interconnection comprises one or more source straps 
extending in the first direction and interconnecting source 
electrodes of adjacent islands; and the drain interconnection 
comprises one or more drain straps extending in the first 
direction and interconnecting source electrodes of adjacent 
islands. 

18. The device of claim 1 wherein the source, drain and 
gate interconnections further comprise a metallization layer 
defining large area source pads interconnecting each neigh-
boring pair of source contacts, large area drain pads intercon-
necting each neighboring pair of drain contacts, large area 
gate pads interconnecting each neighboring pair of gate con-
tacts; 

an insulating layer isolating the large area source, drain and 
gate pads from each other, and 

an overlying conductive layer defining source, drain and 
gate straps, and conductive vias extending through the 
insulating layer from the source, drain and gate straps to 
respective large area source, drain and gate pads. 

19. The device of claim 1 wherein the nitride semiconduc-
tor layer comprises a gallium nitride/aluminum gallium 
nitride (GaN/A1GaN) heterostracture layer defining said 
2DEG active regions, and wherein said interconnect structure 
interconnects source, drain and gate electrodes of each non-
defective island of the array to form a large gate-width multi-
island GaN HEMT (High Electron Mobility Transistor). 

20. The device of claim 19 fabricated on a silicon or silicon 
carbide substrate, and further comprising at least one Metal 
Oxide Semiconductor Field Effect Transistor (MOSFET) 
driver chip mounted on the substrate adjacent to the GaN 
HEMT transistor, and directly interconnected thereto, in cas-
code configuration. 
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