Fabrication of Transistors Field of the Invention This
invention relates to the fabrication of transistors
and refers particularly, though not exclusively, to
the fabrication of galliumnitri-de high el ectron
-mobility transistors ("HEMI™) and to transistors so
fabricated.” Background of the Invention HEMI devi ces
have been proposed for a few years. They are capabl e
of high power with over 100N chi p bei ng possi bl e;
hi gh frequency - 1 to 40GH being possible; and can
operate at tenperatures of over 600C. This generates a
| ot of heat so heat dissipation becones inportant as

not all devices canFabiibaticmof Traldistgpgper at ures, and
the HEMI device may be used with many other devices.
Summary of the I'nvention In accordance with a first

referred aspect there is provided a nethod for

F?Z‘f’i"ég?? H’B’el"?'é’ﬁy stors, each transistor conprising a
plurality of epitaxial |ayers on a substrate, nethod
conprising: formng a plurality of source contacts on

Thibi ingéntiow fasesoh theefadridhfidd lof tinsistirst Ad FeretSpakoularly,
formng at |east one drain contact on the first

toughoet ekdusively, tt thedabticativa afgatiunontiddé high élbetron mobility
first surface, formng at |east one insulating |ayer

HRnsistarsd HeMIekand trutrangistorssmiabiicatedour ce cont act s

and drain contact to insulate the gate

Background of the Invention

- HEMT devices have been proposed for a few years. They are capable of high
power with over 100W/chip being possible; high frequency — 1 to 40GHz being
possible; and can operate at temperatures of over 600°C. This generates a lot
of heat so heat dissipation becomes important as not all devices can withstand
such temperatures, and the HEMT device may be used with many other

devices.
Summary of the Invention

In accordance with a first preferred aspect there is provided a method for
fabricating fransistors, each transistor comprising a plurality of epitaxial layers
on a substrate, method comprising:
forming a plurality of source contacts on a first surface of the plurality of
epitaxial layers;

forming at least one drain contact on the first surface;

1




contact, source contacts and the drain contact;

form ng a conductive |ayer over and through at |east a
part of the at least one insulating |ayer for
-connecting the source contacts; and f.orm ng at | east
one heat sink |ayer over the conductive |ayer.
According to a second preferred aspect there is

provi ded an apparatus conprising transistors, each
transi stor conprising: a plurality of epitaxial |ayers
having a ffoffilngséas Ohe Jald séithétion RYrSEsFRRbACt S,

at | east one drain contact, and at |east one gate
cont act, dbrmipg athleasi ppe lewlﬁhrigelayat dveagndometween the gate

i nsul at ng | ayer over and between the gate contact,
sour ce corﬁ%&‘%‘g éﬂﬂ":&r%ﬁ’ﬁa@én@%ld@ﬂrcqfﬂgﬂl@tl%glﬁtﬁéhe gate

gate contagh., ctsé%}Urgee(é@ﬁg% '}Sﬁ’rtﬁ%g%ﬁélﬂ%ﬁﬁag n contact;

a conductived ayer Lt a part of

the at | eﬁféﬁmm@"@cbﬁkﬁi&tl@é'Ié&%r'@bﬁ%nﬁ%m‘i@ﬂ%%éé{% B8 of the

source contacts; and at |east one heat sink |ayer over

the conductileast arye linsuldtingt lages ifert cormartisg the Nagiice contacts;
el ectron nobility transistors. The plurality of

epi t axi al qnéiyers My conprise a Iayer of gallium

nitride, | ayer . of alumnium, galli

Mayer Cof aiG t frasobe hat b et bLSTafn candfoi® taver

| ayer of gallium nitride. The first surface may be on
the final layer of galliumnitride. The conductive

Aegeedingeio conseeohdt beefefred ahsgact othefd U CBrosiidda@ins apparatus
through vias in the at |east one insulating |ayer.

oHepriging trarsisions cagh diaasistay doaysisingay be heat

a plurality of epitaxial layers having a first surface;
a plurality source contacts, at least one drain contact, and at least
one gate contact, all on the first surface;
at least one insulating layer over and between the gate contact,
source contacts and drain contact for insulating the gate contact,
source contacts and the drain contact;
a conductive layer over and through at least a part of the at least
one insulating layer for connecting the source contacts; and

at least one heat sink layer over the conductive layer.

The ftransistors may be high electron mobil'ity'transistors. The plurality of
epitaxial layers may comprise a layer of gallium nitride, a layer of aluminium
gallium nitride, a layer of n+ aluminium g'allium nitride and a final layer of gallium
nitride. The first surface may be on the final layer of gallium nitride. The
conductive layer may connect the plurality of source contacts through vias in the
at least one insulating layer. The at least one insulating layer may be heat
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2 conductive and electrically insulating. Arelatively
thick layer of a heat conductive netal may be forned
over the conductive layer. At |east one seed | ayer
may be formed on the conductive |ayer before the
relatively thick layer is formed. The drain, gate and
source connections nmay be forned by creating then
filling vias through the substrate and the epitaxi al
| ayers to the drain contact, gate contact and the
eondlutive wadlcle@ficdIgIRatidnge! y- Al ternatively, the
substrate nmay be rénoved and the drain, gate and
source connections forned by creating then filling
vias through the expitaxial |ayers to the drain

Coffiaiely ek lavsitelca harl candycive metplhgay be formed over the

Lyely..ln_ this cas a further |ayer, of heat.
EERRGTS et Brtti SR Tovéh rmaY betimed e e porityg taver
BoPld 8 leltRbRARicRlajd®s Ryekr ate. Brief Description
of the Drawm ngs In order that the present invention
may be fully understood and readily put into

ractical effect, there shall now be described by way
Ire d63in) gatetand seurer nepnectians map st formed tantreating then filling

aof the present inventi t he, description, being wth

o PEHBERE SunshaE ndiing! ciial favds tp oo calh Roact, gate
Sdhth e B BES cted LY | SvidagcChematic illustration

of a %evi ce cgt a%Ctﬂegéeersr%Sa%%ctlg?m he fabrication

process; Figure 2 is a schematic illustration of the
device at a second stage of the

Alternatively, the substrate may be removed and the drain, gate and source
connections formed by creating then filling vias through the expitaxial layers to
the drain contact, gate contact and conductive layer respectively. In this case, a
further layer of heat conductive but electrically insulating material may be

applied in place of the substrate.

Brief Description of the Drawings

In order that the present invention may be fully understood and readily put into
practical effect, there shall now be described by way of non-limitative example
only preferred embodiments‘ of the present invention, the description being with

reference to the accompanying illustrative drawings.

in the drawings:
Figure 1 is a schematic illustration of a device at a first stage of the fabrication
process;

Figure 2 is a schematic illustration of the device at a second stage of the
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3 fabrication process; Figure 3 is a schematic
illustration of the device at a third stage of the
fabrication process; Figure 4 is a schematic
illustrati-on of the device at a fourth stage of. the
fabrication process; Figure 5 is a schematic
illustration of the device at a fifth stage of the
fabrication process; Figure 6 is a schematic
illustration of the device at a sixth stage of the

fathichtien paotegsocess; Figure 7 is a schematic
illustration of the device at a seventh stage of the

Fiire 8ds acehpmedie diistratiguotthe device atehthindtstage of the fabrication
illustration of the device at an eighth stage of the
Bation process; Figure 9 is a schematic

PSS
' t [ : ' a [ stage.of .th
ekl 4 3 5 SoRemalE. a0 "0r, L Vbah B i Yoge of e
fdoridatisrppioeas®f the device at a tenth stage of the
fabrication process; Figure 11 is a schematic

Figurss brisiti seheofatit lilkustratiorn of tie davied atva fifth stdgege thé fabrication
fabrication process; Figure 12 is a schematic

PTOCES%r ati on of the device at a twelfth stage of the

i’@BFé C()""tig; ' h8METZ  illustration of the device at a sixth stage of the
fabrication process;

Figure 7 is a schematic illustration of the device at a seventh stage of the
fabrication process;

Figure 8 is a schematic illustratrion of the device at an eighth sfage of the
fabrication process;

Figure 9 is a schematic illustration of the device at a ninth stage of the
fabrication process;

Figure 10 is a schematic illustration of the device at a tenth stage of the
fabrication process;

Figure 11 is a schematic illustration of the device at an eleventh stage of the
fabrication process;

Figure 12 is a schematic illustration of the device at a twelfth stage of the
fabrication process;

Figure 13 is a schematic illustration of the device at a thirteenth stage of the
fabrication process;

Figure 14 in a full cross-sectional view along the lines and in the direction of
arrows 14 — 14 on Figure 13;

Figure 15 is a schematic illustration of the device at a fourteenth stage of the

fabrication process;




Figure 13 is a schematic illustration of the device at
a thirteenth stage of the fabrication process; Figure
14 in a full cross-sectional view along the |ines and

in the direction of arrows 14 - 14 on Figure 13; .

Figure 15 is a schematic illustration of the device at
a fourteenth stage of the fabrication process; Figure
16 a full cross-sectional view along the lines and in
the direction of arrows 16 - 16 on Figure 15; Figure

Figuré % SChAMBbsS-skbidi Madw %oﬁ’é thé §indS VArE it th@ diregfion of

fifteenth stage of the fabrication process; Figure

pgowssiGhet@ohdiglireuds r at i on of the device at a

sj xteenth stage of the fabrication process; Figure 19

Figuge 114 is er%ggfr@éetllheﬁi@tlom @fvihgl denice gé 4 fikegntaralage of the

%3)% d{'.recti gn of arrows 19 - 19 on Figure 18; Figure
CEUY BOTER Ut i c il lustration of the device at a

F%Yl?é‘ﬁ@ei@t@ s%ﬁé‘rﬂﬁti@fill&ﬁ'ﬁtioﬁ WPthé %‘é‘vﬁi@ %rg .“s%ﬁéeqtﬁ' $HHSE of the
2T is a schematic Illustration of the device at a
fabrishticrt pipeesd; the fabrication process; and Figure 22

i.s a schematic illustration of the device at an

Riguea A8tik\ae full erass Seglienalfview ralorigathe tises and jn dbe skirection of

wroie 8T FS0E e i Tt ire ot the commencement of

Eiglfd 58%d 8chBm3BBARIskEtion of the device at a seventeenth stage of the
fabrication process;

Figure 21 is a schematic illustration of the device at a final stage of the
fabrication process; and

Figure 22 s a schematic illustration of the device at an alternative final stage of

the fabrication process.
Detailed Description of the Preferred Embodiments

Figure 1 shows the structure at the commencement of fabrication. A sapphire
substrate 1 has a buffer layer 2 above it, and the epitaxial layers 3 are on the
buffer layer 2. The epitaxial layers 3 comprise a layer 4 of GaN, a layer 5 of

AlGaN, and n+ layer 6 of AlGaN, and a final GaN layer 7.

Source 8 and drain 9 contacts are then formed on the surface of the final GaN
layer (Figure 2) there being a source 8 and a drain contact 9 for each transistor.
Gate contacts 10 are then formed between each source contact 8 and each
drain contact 9 (Figure 3). In this way when each gate 10 is activated current
. will flow from one source 8 to the two drains 9, one on each side of source
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substrate | has a buffer layer 2 above it, and the
epitaxial layers 3 are on the buffer layer 2. The
epitaxial layers 3 conprise a layer 4 of GaN, a |ayer
5 of Al&N, and n+ layer 6 of AlGN, and a final GaN
| ayer 7. Source 8 and drain 9 contacts are then forned
on the surface of the final GaN |ayer (Figure 2)
there being a source 8 and a drain contact 9 for each
transistor. Gate contacts 10 are then fornmed between
eastacs@®urce contact 8 and each drain contact 9
(Figure 3). In this way when each gate 10 is activated
current wll flow fromone source 8 to the two drains
2# %ne on _each side of source 5 contact 8. As shown in
qhpwndn Figure) e @nrglectricglly insulpbing layer syet as aarasgtyation layer

pat | a .11 of . for, example AN is,then
205 (60 kel AR e o) el ot PRl g Sitacts 8, o
10 wHilk|Rirepame t8BbRAGQ HeRRJYRE 14)RRH 1 id PRAEABRS hedt dohductive.
preferably heat conductive. A resist is applied over
paEsist ds i appliedyeser IphsGivaton daygr dhdFigues 5) Zaridmiaed12 formed
t hrough passivation |ayer 11 down to the source .
Wt Pasgvalinh 1averrEsidown e ie s@uree cantasts 8| apdrthesresist

e’ ECHER UGS o8 RRRIUS) IS FELAbolS ctiyg metal i
AR dek 1RGpESSveHicRSialr 1718 1aGAPTIERES At BBUiEE 15, This

corthetfs tharsdurde thrtacees (Figme. 6)AIn3hieWay, allFdciiddts 8, 93ind 10
| east one further layer 14 is applied over the

Feridiha oveplamet al | ayer 13 and the passivation |ayer
11 not covered by the conductive netal |ayer 13. The
further layer 14 is a seed | ayer.

As shown in Figure 7, at least one further layer 14 is applied over the conductive
metal layer 13 and the passivation layer 11 not covered by the conductive metal

layer 13. The further layer 14 is a seed layer.

The seed layer 14 may be a number of layers — for example, three different
metal layers. The first seed layer should adhere well to the conductive layer 13
and may be of chromium or titaﬁium. [t may be followed by second layer and
-third layer that may be of tantalum and copper respectively. Other materials may
be used for all seed layers. The second seed layer may act as a diffusion
barrier, preventing copper or other materials placed on top of it (such as, for
example, the third seed layer) from diffusing into the expitaxial layers 3. The

third seed layer acts as a seeding layer for subsequent electroplating.

As shown, there are two layers 15, 16 with the layer 15 acting as the diffusion
~ barrier and the other layer 16 being the seeding layer.
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The seed | ayer 14 may be a nunber of |ayers - for
exanple, three different netal |ayers. The first seed
| ayer shoul d adhere well to the conductive |ayer 13
and may be of chromumor-titanium It may be foll owed
by second layer and third |layer that may be of
tant al um and copper respectively. O her materials nay
be used for all seed layers. The second seed | ayer nay
act as a diffusion barrier, preventing copper or
other materials placed on top of it (such as, for
exanple, the third seed layer) fromdiffusing into the
dheicoaffickintd aff tresm@l eXpansiemf thessest laypes rrmytlm dEEfeeent from

eedi_n a for subsequent el ectroplating. hown
fh?é %@& %@m By ery- 14hile ghg; mﬁrmﬂeexmomsoaﬁmﬂgs of the
f a nd_ th e in
rgggtzggbﬁs Y3 %F b@ 51[‘Ifﬁ|eené3 tiazilet (ﬁ‘[ @aélf t %é,aﬁ%%bf and 13.4
Sieesi t
Ehat ofe“éaQ“%?@% SRyl R (B ok AR arld 98 ot pose
serafusi stiess tpsolémshe the: Qndemmng@m epitaxiadgyds. However, plated

different fromthat of GaN (they are 14.2 and 13.4
psE de peadipd Iateeyna e pethick g hyndrads qfamiceans and thus may

T i, 5 o o S0 v
ﬁ}&%@@lmsqﬁ Q)ntéeorz?ﬂgr%dofl ater may be as thick as
n

hundr eds o ons and thus nmay cause severe stress

lwbwingrsufﬁmntaﬂemhmyaeeam;sbnymb,%tr@aﬁ be used to buffer
the stress. This may be by one or nore of: by having

Ryiravieg swfficientioternal slso charadiedsticstth @bseonbetbe stogs,havi ng
suffi.ci en racteristics to absorb the

ky hadag su'gﬂ(j"eﬂé\W'Hﬁy ‘fotﬁ%?@ the $t6sH 809t 0 wi t hst and
By Ravitd §ritieddAErmal expansion coefficients.

In the case of graded thermal coefficients, that of the first layer preferably less
than that of the second layer and that of the second layer is preferably less than
that of the third layer and so forth. For example, as shown the first layer 15 may
be tantalum with a coefficient of thermal expansion of 6.3, and the second layer
6 may be copper with a coefficient of thermal expansion of 16.5. In this way the
-coefficients of thermal expansion are graded from the passivation layer 13 and
to the outer, copper layer 18. An alternative is to have coefficients of expansion
that differ such that at the temperatures concerned, one metal layer expands

while another contracts.

If the outer, copper layer 18 was applied directly to the contact layer 13 and
passivation layer 11, the differences in their thermal expansion rates may cause
cracking, separation, and/or failure. By depositing a plurality of seed layers of
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by havi ng graded thermal expansion coefficients. In
the case of graded thermal coefficients, that of the
first layer preferably Iess than that of the second

| ayer and that of the second |layer is preferably |ess
than that of the third | ayer and so forth. For
exanpl e, as shown the first layer 15 nay be tantal um
with a coefficient of thermal expansion of 6.3, and
the second layer 6 may be copper with a coefficient

dffferéxdtr maltertipapaitictladll meids daght hawingey difiérent coefficient of
coefficients of thermal expansion are graded fromthe

tesEial grpansipnybe siessed oftthetnil expassioncangpeprebdytierough the
18. An alt ti ' h oefficients of .

Sxpaden win e drniigpt donsr fredifoad 'q‘%'rfg’g@@ﬁ%eﬁ%%ﬁw andjor
FARe! R, Rl s Spc LB EBSRAT piq nave

doefecichy(s) 6f EXFarkiot BefivdenyBbsd f A brs PSS 8hY A6l @Rd should be
| ayer 11, the differences in their thermal expansion

geaded frony thatuydhe firstdayerdl5 oathat at thenjinahtal/eor1 6f aTHare enay be

By .depositing a plurality of seed layers of 7
a%f f'F'@”@'ﬁE"%ﬁ%Y‘?raloé,tﬂBEﬁ MBLLgr pYY fefidired oxcdesingdi Agmier of

B ERIE LT Lo 08, Blon ol SR T aaa i ough € e

seed layers with the resultant |ower |ikelihood of

cracki ng, separation and/or failure. If there are

Fort patterdedpiatingyefr 4 &yer t1Beofi retativelydhizkank@y eudlts s copper that

shoul d have coefficient(s) of expansion between those

wil sesve as the ngwgsutrsiraimand/es hieat sisk, gmattet of tick resists 17 is
f & first |ayer to that of the final |ayer .

Sinibd Spueiteecibien 8 i apiferd by fngarihy, Eldtis Beand the

%%élﬁlﬁ?%%tﬁ%? 'ieseS@%g tg&\n)m E—%rﬂ tt%ﬁd. Ker thOHAERTRELAL G 7! B¥feh€ 9) to

form a single metal support layer 18.

The removal or [ift-off of the sapphire substrate 1 then takes place (Figures 10
and 11) in accordance with known techniques such as, for example, that
described in Kelly [M.K. Kelly, O. Ambacher, R. Dimitrov, R. Handschuh, and M.
Stutzmann, phys. stat. sol. (a) 159, R3 (1997)]. The substrate 1 may also be
- removed by polishing or wet etching. This exposes the lowermost surface 19 of
the GaN layer 4. It is preferred for lift-off of the substrate to take place while the
epitaxial layers 3 are intact to improve the quality of removal, and for structural
strength. By having the epitaxial layers 3 intact at the time of removal the

electrical and mechanical properties of the epitaxial layers 3 are preserved.

After the removal of the original substrate 1, the thickly plated metal 18 is able to
act as one or more of: the new mechanical support; and during operation of the
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For patterned plating of a layer 18 of relatively

thick netal such as copper that wll serve as the new
substrate and/ or heat sink, a pattern of thick resists

17 is applied to the seed | ayer 15 by standard
photol i t hography (Figure 8), and the remaining netal

18 is plated between and over the thick resists 17
(Figure 9) to forma single netal support |ayer 18.

The renoval or lift-off of the sapphire substrate |
Bgl%%dn@hﬁt%r Rle¥fcR (sFélQHrt%S &Oas Q‘;?l% drindr8 ﬁcﬁoﬁgﬁ%ﬁk a heat
w th known techni ques suc as, for exanple

dizsipatdrednd a dégineptindMalfer. el {hg, fird GANDRYBET is Riatively thin, the
Dimtrov, R Handschuh, and M Stutznmann, phys. stat.

beat gegnerateddn artivy legers)3 is Maee easilytabla t be aerydustarbtothe thick
e Fead S idhe s TS el f e peafoqnchipive. ' °

preferred for lift-off of the substrate to take pl ace
while the epitaxial layers 3 are intact to inprove

The seadllayer9)f 14 fAMR anasktfidl iféulaeid! er bet FRROLE-a good

"By having the epitaxial layers 3 intact at the tine of
thermabgondustor@.@dlNi cal and nmechani cal properties of
the epitaxial layers 3 are preserved. After the
renmoval of the original substrate 1, the thickly

e ok R B8 BBl S o
@[%Fhﬁ&ﬂd59t:ﬁéreﬂﬁﬁg G u%@f%%&%@ﬁﬂ d)ﬁ.g P hed Biexel 1ayers

a heat sink, a heat dissipater, connecti ng

$stble|para®$tld¢m3a‘0|tazaﬁe iSaldcrensed. 7 | s relatively thin,
the heat generated in active layers 3 is nore easily
abl e to be conducted to the thick [|ayer 18. Al so,

of the 14 are heat .con ive.
RS 5 i) o o agiSiascd siaer a8 of R gral javgr 4 and
taNiRG thkds PHSS tdforfh S988st one via 20 through epitaxial layers 13 to the
drain contact 9 (Figure 12). Via 20 is then filled (Figure 13) to form a drain
connection 21. Figure 14 show a view of the drain connection 20, source

contacts 8 and gate contacts 10.

A separate via 22 is formed (Figure 15) through the expitaxial layers 3 to the

gate contact 10 and via 22 is filled to form a gate connection 23.

Figure 16 shows a view of the gate connection 23 as well as the drain

connection 20, and source contact 8.

Figures 17 and 18 show a similar process for the source connection 8. A via 24
is formed through the expitaxial layers 3 to the source connector layer 13 and
the via 24 filled to form the source connection 25. |
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thermal conductor e.g. AIN. The thick |ayer 18 creates
a parasitic capacitance that slows the speed of
operation. By increasing the distance between | ayer 18
and the epitaxial layers 3, the parasitic capacitance
is decreased. A resist layer is applied to the
now exposed surface 19 of the GaN | ayer 4 and etching
takes place to format |east one via 20 through
epitaxial layers 13 to the drain contact 9 (Figure
12). Via 20 is then filled (Figure 13) to forma drain
connection 21. Figure 14 show a view of the drain
EgunedBisbowd @ viewuf thee smone eohse@ioarkb. gat e contact s
10. A separate via 22 is formed (Figure 15) through
t he expitaxial Iayers 3 tothe gate contact 10 and
22.15S for te conn i on . Figur
B s Jobes et Trindra a0 Tutn 836% oF 1908 the ppiis tayers
h C t
IB:I g%%é‘?@? l%'ﬁ%g&d %V\E@cg?%%%?qgﬁ@élggfé ?’:HHS & the thick resists
$Dure expasede The dnickBresfsty 1A a24 thérbrenggviediciof bué@é@brétm.
expitaxial layers 3 to the source connector |ayer 13
and the via 24 filled to formthe source connecti on

185 'E?E%ﬁg ' chaneaiane lv CBnd 2%, 30 dhadioes Bah e, gigdtrically
GEhriect Hheh e YR o *F'Qﬁheﬁgﬁtﬁé e FpLa o ¥fres 17

él&isﬂstrﬁay Bd adbided WiPsdE seﬁh%tbhltfémg 85 deb&ribbd @cvel BRtttrical
renoved for die separation. This | eaves the

camestion fordhe 8puzd canthcp Kiyso 18wl theni eatceitheber both sides 26.
el ectrically

If desired, the substrate 1 may be left in place and holes drilled by, for examples,
lasers to enable the connections 20, 23 and 25 to be formed. Alternatively, and
as shown in Figure 21, a further layer 27 of a material that is a heat conductive

but electronically insulating (e.g. AIN} may be added in place of substrate 1.

tn this way the device HEMT device can be used with the relatively thick metal
layer 18 acling as one or more of: a contact, heat sink, heat diffuser, and a
physical support for the device. The combined effect of the passivation layer 11,
the conductive layer 13, the seed layer 14 and the relatively thick layer 18 is that
they are all conductive so they all combine to conduct heat away from the

epitaxial layers 3, and for them to combine to be a heat sink.

Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in
- the technology concerned that many variations or modifications in details of
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connected. Alternatively, and as shown in Figure 22,
the process of Figures 17 and 18 may be avoided with
di e separation being as described above. Electrica
connection for the source contact |ayer 13 will then
be at either or both sides 26. If desired, the
substrate 1 may be left in place and holes drilled by,
for exanples, |asers to enable the connections 20, 23
and 25 to be forned. Alternatively, and as shown in
Hegigh o onsdtriistionh ofiay aemade QfittdbulBd&didring tiRdh the Present
heat conductive but ‘electronically insulating (e.g.
mvetiomy be added in place of substrate 1. In this way
t he device HEMI device can be used with the relatively
thick metal |ayer 18 acting as one or nore of: a
contact, heat sink, heat diffuser, and a .physica
support for the device. The conbi ned effect of the
passi vation layer 11, the conductive layer 13, the
seed layer 14 and the relatively thick layer 18 is
that they are all conductive so they all conbine to
conduct heat away fromthe epitaxial |ayers 3, and
for themto conbine to be a heat sink. Wilst there
has been described in the foregoing description
preferred enbodinents of the present invention, it
wi |l be understood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of 10 design or construction may be nmade

W t hout departing fromthe present invention. 11 THE
CLAIMS 1. A nethod for fabricating transistors, each
transi stor conprising a plurality
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of epitaxial |ayers on a comon substrate, nethod
conprising: formng a plurality of source contacts on
a first surface of the plurality of epitaxial |[|ayers;
form ng at | east one drain contact on the first
surface; formng at | east one gate contact on the
first surface; formng at | east one | ayer of
insulating material over and between the gate
contact, source contacts and the drain contact for
insul ating the gate contact, source contacts and the
' & %act; form ng a conductive |ayer over and
t hroug | east a part of the at |east one
insul ating |layer for connecting the source contacts;
and fﬂ.rrﬂétﬂgd Fbr ﬂa%ﬁéétu‘%ﬁl‘?aﬁﬁﬁbrss eBkh ltr%M&%to?\é%Fnanﬁlg a ;l)lurallty
conductive | ayer hod as claimed 1 n clai
ohepitsixial tdyerd oaBiwitmos sabstrdte ghethedawinimisingbi | i ty
transistors, the plurality of epitaxial |ayers
fsming aphualidy pfay@mrcefcon 9 ey mfmttsurfa@e of theaplralig of epitaxial
lumniumgalliumnitride, a |layer of n+ alum nium
Eﬁ Sumnitride and a final | ayer of galliumnitride,

fdrfird éﬁéaﬁl{fnfae?cﬁ?m%n'ﬂ&t%ﬂ tﬁ@ﬁrstgpﬁ‘ e:l ayer of gallium

nitride; east one | ayer |n§ul ating materi al

fopming atdéastionieqpité )tontaaud)rathe’ﬁ}sbwrfd&@at conducti ve;
t he conductive | ayer connecting the pI urality of
fopminge at trashane tayeo whtinsulaling materalaovareandd behween the gate

i n ating la 3. . The nethod a dlnclalm
W”ié?tais%’ € %@’T’Céﬁ nd the, %{?IW%?WFH%& {nsy %W& thsy gate contact,
Q&ﬂ%%ﬁt\égﬁrgg{ﬂhe auP\% pover t he conductive | ayer.

4. e nethod as c

al e n'clalm3 wherein a seed

foryiRig & Soh@idtRe IQYeﬁ eer éiﬂntﬂl%ﬁghVét lea¥eh el 6 fel A9east one
relatively thick lTayer is forned

insulating layer for connecting the source contacts, and

forming at least one heat sink layer over the conductive layer.

2. The method as claimed in claim 1, wherein the transistors are high
electron mobility transistors, the plurality of epitaxial layers comprising a layer of
gallium nitride, a layer of aluminium gallium nitride, a layer of n+ aluminium
gallium nitride and a final layer of gallium nitride, the first surface being on the
final layer of gallium nitride; the at least one layer of insulating material being
electrically insulating but heat conductive; the conductive layer connecting the

plurality of source contacts through vias in the at least one insulating layer.

- 3. The method as claimed in claim 1 or claim 2, wherein a relatively thick

layer of conductive metal is formed over the conductive layer.

4, The method as claimed in claim 3, wherein a seed layer is formed on the

conductive la_yer before the relatively thick layer is formed. '
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12 5. The nethod as clainmed in claim4 wherein the
seed | ayer conprises a plurality of seed |ayers,
wherein a first of the plurality of seed |layers is
applied to the conductive |ayer, the first seed | ayer
being of a material that has a first co- efficient of .
thermal expansion; and a second seed | ayer is forned
on the first seed |layer, the second seed | ayer being
of a material that has a second co- efficient of
thermal . expansion, the second co-efficient of thernal
expansi on being greater than the first co-efficient

f5. t heril ' 84 i The | ai med i
st e B8 e L D R comorios <
s phoality of eded day@rs ivehereifti £ firgs bpfhettﬁulfahﬁzf of ds%d Wé;{é‘% f {;}%)Ired to

atbarrl i ffusion of a aé applied to 1

aitq ﬁgnﬁ&t"’ﬁt'%yetfh@eeﬁ(ﬁt pesd taver heimgsof & matena tthatchassa first co-
Clefficig dfith | BLein phe

relatively Wal%agéigﬁ Qg O%eéc{%d %ee\g? agﬁ%'%ﬁ?r@@ge% the first
fﬁ@?ﬁi 13per gﬂ'mpemmlssmd tayeotbeirgy of authtsrial that HHR04 tsvec@nd co-

t di ssi and as a_connector. 8.
T gﬁ:@k %d 4l pnansich, iﬂﬁ/sﬁﬁ@‘%@@f@q'ﬁ@ af thgermal expansion

mbengugneaatesmmae IRR OGN df IndrfaMBLpIsiGH. eat | ng
then filling at |east one via through '[3 e conmon

substrate and the plurality of epitaxial |ayers to the

conductive layer. 9. The nethod is clained in anyone

of clains | to 8 wherein a drain connection is :

f&r medrhgymetheat amgﬂamhm:hmf(tliamﬂl whereRPSihe BNMcMirs sefed layer and
0

trat dth | t
b 348nd SeF BIEPR.» fHteSiah B doupreviding  betiel e ifusion of a
l8yerEpplis® tdRroAd dfLSinEESto the & b’lt I%&ergl aims 1to 9,

wherein a gate connection iIs reating then
filling at |east one via through the

7. A method as claimed in any one of claims 3 to 8, wherein the relatively
thick layer is for at least one selected from the group consisting of: a structural

support, a heat sink, a heat dissipater, and as a connecior.

8. The method as claimed in any one of claims 1 fo 7, wherein a source
connection is formed by creating then filling at least one via through the common

substrate and the plurality of epitaxial layers to the conductive layer.

9. The method is claimed in anyone of claims 1 to 8, wherein a drain
connection is formed by creating then fi iling at least one via through the common

substrate and the plurality of epitaxial layers to the at least one drain contact.

10.  The method as claimed in any one of claims 1 to 9, wherein a gate
connection is formed by creating then filling at least one via through the

common substrate and the plurality of epitaxial layers to the at least one gate
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conmon substrate and the plurality of epitaxial |ayers
to the at |east one gate 13 contact. 11. The nethod as
claimed in any one of clainms 3 to 7 further conprising
renovi ng the substrate after the relatively thick
| ayer is formed; and forming a further |ayer of .
electrically insulating and heat conductive materi al
in place of the substrate. 12. The nethod as cl ai ned
in claim1l, wherein a source connection is formed by
formng then filling at | east one via through the
ity of epitaxial |ayers to the conductive

l'ayer. 13. The nethod is claimed in anyone of claim11
or claim12, wherein a drain connection is forned by

eatli then filing af.least one via throu t he .
i e arheyhopd a5 ¢afedl in 85%ccd s Palred Peldutigteoomprising
FETAGVING A6 8Gbstratd - aftbh ehapeIBRELIAHiEk RyBRGs KdnRRYY aRBSoRhing a
clainms 11 to 13, wherein a gate conriection Is forned
Byrther tever pfeleptisally insulagnaantd dwet comductive material g ptace of the
g, t&h'ty of epitaxial layers to the at |east one
gate contact. 15. The method as clained in any one of
clainms 3 to 14, wherein patterned plating is

rformed before the relatively thick layer is fornmed. .
?% At’b%rr%?t 98 &ﬁrﬁgl@fﬁ gnt ¢laiy i i gviRereina BnsUERR rGoeNaglion is

. ; . . . Dot o

fofthe 13 1 hef IBR) OBl onaXRd Froah X Bl of gpitaxia
lapersde dher conaiictive layed at | east one gate contact, all
on the first surface;

13.  The method is claimed in anyone of claim 11 or claim 12, wherein a drain
connection is formed by creating then filing at least one via through the plurality

of epitaxial layers to the at least one drain contact.

14.  The method as claimed in any one of claims 11 to 13, wherein a gate
connection is formed by creating then filling at least one via through the plurality

of epitaxial layers to the at least one gate contact.

15.  The method as claimed in any one of claims 3 to 14, wherein patterned

plating is performed before the relatively thick layer is formed.

16.  Apparatus comprising transistors, each comprising:

(a)  aplurality of epitaxial layers having a first surface;

(b)  a plurality of source contacts, at least one drain contact and at
least one gate contact, all on the first surface;

(c)  atieast one insulating layer over and between the source contacts,

-the at least one drain contact and the at least one gate contact for insulating the
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(c) at least one insulating | ayer over and between the
source contacts, the at |east one drain contact and
the at | east one gate contact for insulating the 14
gate contact, source contact and the drain contact;

(d) a conductive |layer over and through at |east a
part of the at | east one insulating |ayer for
connecting the source contacts; and (f) at |east one
heat sink |ayer over the conductive layer. 17. The
apparatus as clainmed in claim116, wherein the at | east

P "sellen afhiAy 8B Yol Elea by cne”
condugfyi veg b@r){(ﬁ]'otlvé%yeTQﬁ/e@féﬁartﬁFdd@haét Iféﬁ'dTBQﬁ log the at least

claim17, wherein the at least one”insulating

oge E‘ISEtEIIlng taldr yor copnketingiheasutirdeecdntactsdaret i ve. 19
The apparatus as clainmed in any one of clainms 16 to
18, r ei At least ons heatisinkaper eysir tha cenductiye layer.
conprises a layer of galliumnitride, |ayer of
alumnum galliumnitride, a layer of n+ al um num

g2l | 148 Bhpdrh ﬂ‘ aftndd ﬂ%latﬁw?i wRErefit e MMba (He! fi&at sink

the first 'sur elng on t ayer o

laiér isda/erzﬂreﬂheeﬁ@fpméaétuéaﬁsorfé ﬁtisméﬁng ma@mymdmav@nfed by the
clains 16 to 19, wherein the conductive |ayer

eusiyetvsslayee plurality of source contacts through vias
in the at |east one insulating layer. 21. The
apparatus as clainmed in any one of clainms 16 to 20

18] e SBPBSH a EhUANELY, A 8o o proviaing
||awa§ aldewricafly fHsaidimg dnd HeakicBhddetive! t her conprising at
east one

19.  The apparatus as claimed in any one of claims 16 to 18, wherein the
plurality of epitaxial layers comprises a layer of gallium nitride, layer of aluminum
gallium nitride, a layer of n+ aluminum gallium nitride and a final layer of gallium

nitride, the first surface being on the final layer of gallium nitride.

20. The apparatus as claimed in any one of claims 16 to 19, wherein the
“conductive layer connects the plurality of source contacts through vias in the at

least one insulating layer.

21. The apparatus as claimed in any one of claims 16 to 20 further

comprising a relatively thick layer of conductive metal over the conductive layer.

22. The apparatus as claimed in claim 21 further comprising at least one

seed layer between the conductive layer and the relatively thick layer.
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seed | ayer between the conductive [ayer and the
relatively thick layer. 15 23. The apparatus as
claimed in claim?22, wherein the seed | ayer conprises
a plurality of seed layers, wherein a first of the
plurality of seed layers is on the conductive |ayer,
the first seed |l ayer being of a material that has a
first co- efficient of thermal expansion; and a second
seed layer is on the first seed |ayer, the second
seed | ayer being of a material that has a second

98- ef ?ﬁ& iﬁ\gﬁ%raﬂ;s éti% B%Erﬂ?b irf S %20 Whel‘éfﬁ s & %&j ayey ﬁomprises

co-effici erna pansi 0h b€l hg gr ea

bipturblitySof seed@hfdrs] WhbreRi atﬂﬁﬁrdﬁhe W@ﬂ?'&%eea‘fayew@s on the
apparatus as clainmed in claim23, wherein one of

CWcttctlméayeraﬂ‘e: firsirepedhlaysebeimg skadmbteyiat that Iaas a flrst co-
n barrier for providing a barrier to diffusion

usi
*ff icient i tBpra axpansien: and psgrYM peerdlangr ismrtherfisst seed layer,

I
BUESAEHPLe L1 ok o I PRBRNCHAR 135, £LHER) el o
{hayifsl é)?pefr@ronatthé 8884nd BS-cHRli@RIFAhEMMN éﬂ?}%nglbﬁ%mg greater
consisting of: a structural support, a heat sink

ﬂneattheiﬁ&cpaffementmﬁmeanmbemswn 26. The appar at us as
clainmed in any one of clains 16 to 25 further
conprising a source connection through the common

AL A AL e Tl e v
AW/ theNRcBhd %hr o e”% 4 QifftRichWari&! for gfbwﬁ@h 'B%rﬁer% Aiffision

connection t h the conmbn substrate a

gfl aulagér applietl to ﬁmdnadlfﬁisﬂgamwthete&plté‘b&aldéyérg.ast one
drain contact. 28. The apparatus as clained in any one

of clainse 16 to 27 further

25. The apparatus as claimed in any one of claims 21 to 24, wherein the

relatively thick layer is for at least one selected from the group consisting of: a

~ structural support, a heat sink, a heat dissipater, and a connector.

26. The apparatus as claimed in any one of claims 16 to 25 further
comprising a source connection through the common substrate and the plurality

of epitaxial layers to the conductive layer.

27. The apparatus as claimed in any one of claims 16 to 26 further
comprising a drain connection through the common substrate and the plurality of

epitaxial layers to the at least one drain contact.

28. The apparatus as claimed in any one of claims 16 to 27 further
comprising a gate connection through the common substrate and the plurality of
epitaxial layers to the at least one gate contact.

16




conprising a gate connection through the common
substrate and the plurality of epitaxial layers to
the at | east one gate contact. 16 29. The apparatus as
claimed in any one of clainms 16 to 25 wherein the
substrate is renoved after the relatively thick |ayer
is formed. 30. The apparatus as clained in claim 29
further conprising a source connection through the
plurality of epitaxial |ayers to the conductive |ayer.
31. The apparatus as clainmed in claim29 or claim30
further conprising a drain connection through the
plurality of epitaxial layers to the at |east one

29Ur CBhé Qippafdtus 38 claitfedt PN de 8F cllifs sl td P5%WMerein the
one of clainms 29 to 31 furthef conprising a gate
sabreieate isonentdved after dnadreldtively thickllayey ioforejedt axi al

| ayers to the at |east one gate contact. 33. The
apparatus as clainmed in any one of clainms 22 to 25,

ereqn. t | east _.one heatf .Si ayer conpri.ses
e oo e e, ¥ HRFL S B ERPLua e source
EetRIction BRroGEM IHECHIUMEY) &itaBfIalBR tBdhe cBAGCctRBSayer.
insulating layer. 34. "The "apparatus as clalmed I n any
one of clains 16 to 33, wherein the transistors are

hi gh el ectron nmobility transistors. 35. The apparatus
3t cl Bisveapamtumgs elaimet ip| ckairms 22 ortelaigp 3P uurther comprising a

G G5B R BIF Hr FS EbblnSHh G B 688 on

source contact. :

32. The apparatus as claimed in any one of claims 29 to 31 further
comprising a gate connection through and the plurality of epitaxial layers to the

at least one gate contact.

33. The apparatus as claimed in any one of claims 22 to 25, wherein the at
least one heat sink layer comprises the relatively thick layer, the at least one

seed layer, the conductive layer and the pat least one insulating layer.

34. The apparatus as claimed in any one of claims 16 to 33, wherein the

transistors are high electron mobility transistors.
35. The apparatus as claimed in any one of claims 29 to 32 further

comprising a layer of electrically insulating and heat conductive material in place

of the substrate.
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