Fabrication of Transistors Field.of the Invention
This’invention relates to the fabrication of

transi stors and refers particularly, though not
exclusively, to the fabrication of galliumnitride
hi gh electron nobility transistors.("HEM™) and to
transistors so fabricated, Background of the Invention
HEMI devi ces have been proposed for a few years. They
are capable of high power with over 100Wchip being
possi bl e; high frequency - | to 40GHz being possi.ble;
and can operate at tenperatures of over 600C. This
generates a |lot of heat so heat dissipation 'becones
i nportant as not al IFdiritation crTransidksisand such
tenperatures, and the HEMI device may be used with
-many ot her devices, Summary of the Invention. In
aprRid offEinVehliopg first preferred aspect there is
provided a nethod for fabricating transistors, each
transistor. conprising a plurality of epitaxial layers
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HEMT devices have been proposed for a few years. They are capable of high
power with over 100W/ch(p being possible; high frequency — 1 to 40GHz being
possible; and can operate_.,at.temperat_ures of -over 600°C. This-génerates a lot
of heat so heat "dissipation becomes important as not all devicés can withstand

_such temperatures, and the HEMT device may be used with many other |

devlces

Summar_y- of the Invention

In accordance with a first preferred aspect there is provided a method for
fabncatmg tranS|stors each transistor. comprising a plurahty 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;
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formng at | east one insulating | ayer over and between
the gate contact,. source contacts and drain contact
to Insulate the gate contact, source contacts 'and.
the.. contact; formng a conductive |ayer aver and
through at least a part of the at |east one

insul ating |layer for connecting the source contacts;
and formng at |east one heat sink |ayer over the
conductive layer. According to a second preferred

aspect there i,s provided an apparatus conprising

transi stor J?"%'H%ﬁli %Fﬁﬁ%?esg%tﬁ ‘g’GFﬁﬁt PaitheyHirshswfaceal ity |
of epi taxi gbrrhiny &ft JefAVoritd isuldtingtiafel 6@t Gndbetween the gate
plurality source contacts, at |east one draln contact,

and at | easiontashesqee cofkake tandatitairogontaet to fintulate the gate
surface; alogeastsane dnsulaLhiel guer cover, and
ont ac S &

bet ween the date contact, source ¢ 'end drain _
cont act f orfoimiaglaatimayctivee lgyet evenatditHrougts aUicast a part of the
cont acts a% the drajn contact; a conductive |ayer

over and t HtJERH ofte Insyating lguer fasreconRecting theaseurce rrontacts:
i nsul ating dayer for" connecting the source contacts;

and at |east one heat sink |ayer over the conductive

| ayer. The fomraing iaéteastommipe dissini ighercd\er thoconbtivé fayer.
transistors. The plurality of epitaxial layers may
conprise a layer of galliumnitride, a |layer of

alAgoordidgmto gal sdosmdnpicterked Sspery ahe®f i)*pralidBl NhN Mapparatus
gal | |'L1m nitride and a final layer of gallium nitride.
TREMPFIFISE ranpisiors sag) tie@sisteriaearisingr | ayer of gal i um
ni tri dgniuthfy oEQNENEN IaYRrd R¥Rhg TRYstGORAESE the '
plurality of” source contacts t%rough vias in the :

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. éh’&‘betwe’ehfthé gate contact,
source contacts and drain contact for insulating the gate contact,
source contacts and the arain 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 transistors may be high electron mobility transistors. The piufalifty of
epitaxial layers may comprise a Ia'yer of gallium nitride, a layer of aluminium
gallium nitride, a layer of n+ aluminium gallium nitride and a final layer of gallium
nitri_dé. The first surface may be on the final layer of gallium nitride. The
conductive layer may connect the piura[ity 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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at | east one insulating layer. The at |east one
insulating |ayer may be heat 2 conductive and
electrically insulating. Arelatively thick |layer of a
heat -conductive netal may be fornmed over the
conductive- |ayer. At |east one seed |ayer-my be
fornmed- on the conductive |ayer before-the-
relatively thick layer is forned. The drain, gate and
source connections may be' formed by creating then
fillin Vi as through the substrate and the epitaxial

| HPBAUC VS dNeeelartepH a¥9. gate contact and the

conductive |l ayer respectively. Alternatively,. the
substrate may be renoved and the drain, gate and
sdurrelativelprihisktlpyersoft arinest - d;r;ndmlcmai memltrheyl e fdrtn@ﬂ over the

Vi t taxia ayers the dr
co(%? dh N&HQ (e gg'nsgtgénea %BJ 'g¥ ﬁ'yu@?Y 9@?‘?@?&0“ the °°“dUCtWe layer
remﬁnetthdeélahvdﬂhtdklI§ye?a§ﬁbrm%d.fU”her | ayer of ' heat

conductive but electrically insulating material may be
applied in place -of the substrate Brief Description

Ofrheh§ral M98 'sBue nnteEf?gr 110 Y@ (S“é?nq% g‘é?é‘afﬁingnmen filling

may be fully understoo

prvast tf‘tt:@\thgteﬂfeestlbsttdhemdsﬂmal epitaiall Dg/ere $6 khd @FhiR oWBkt, gate
of non:li gh ative exa only preferred enbodi nents

of°PR&t A7 ondygliva Ia WreFH%CtLVS scription being with

reference to the acconmpanying illustrative draw ngs.
‘In the drawm ngs: Figure 1 is a schematic, illustration
ofAltampdivelye the sabstrats tmay dvgeramﬁoﬁehearfcﬁlﬂfé @pdin,Offate and source

| ustration of the -
degﬁrgec’ec%g{\g 61; gneegoﬁyé cgﬁagag tgerrtr? ht@g vias through the expitaxial layers to
the drain contact, gate contact and conducttve 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 devic:e at a second stage of the
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3 fabrication process; Figure 3 is a schematic

IllTustration of the device at a third stage of the

~fabrication process; Figure .4 is -: a schernatic
illustration. of- the - --device, 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 fabrication process; Figure 7 is

a a}c.her,rati c Illustration of the device' at a seventh

sTRGEaIN RIRESST abr i cati on process; Figure 8 is a

Seher@tisa | s af] f ice, at .an eighth L

o o1 e ponipL el d o SIS B StiEl ySpdottne fabrication

séfehdYic illustration' of the device at  a ninth stage

ok .t he abrication .pr'o' cess; Figure 10 is a '
sf:: {e.‘rtrlaat“i E:S A PHSPalq '-HE‘SHPF‘%@f’cFB@i". leq-24 a dintith staage of: the
ofabtibationfgrbeégsat i on- process; Figure 11 is a schematic - -

i LJustration of the device at an el eventh stage of the

f BigHTECRS B AChrBRts Yl stratipare e desica a5 6 MPRBkAe of the fabrication
| hltsdgation of the device at a twelfth stage - of the
fabrication process; Figure 13 is a schematic

itFit;u&t Bats anscierhfitc ARIsHERorRlof &thehHELBE L 1 SLiBRE sPafge of the
. ggrication process; | |
| Figure 7 is a schematic illustration of the device' at a seventh stage of the
fabrication process;
Figure 8 is a schematic illustration of the device at an eighth stage of the
fabrication process; ’
Figure 9 is a schematic illustration’ of the devicé at a ninth stage of the
‘fabrication protess; '

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 .elevehth 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 illustratiqn of the device at a fourteenth stage of the

fabrication process:



- fabrication process; Figure 14 in a ful

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; 4 Figure

16 a full cross-sectional- view along the lines and in
the direction of arrows 16 - 16 on Figure 15; Figure

17 is a schematic illustration of the device at a
fifteenth stage of the -....fabrication process;

FifiRHe 18 & &illacrogsreaetionel vieMu stongt fhentimds 4Me irle\d efedlon of

a gelowlsernt f,st he fabrication process; Figure
19 Is a fulhfs%ro sgsetti onal view along the |ines and

i Figure U1 iseatdchrmatic -Iiubtadvs of dhe dbOic8MNtH i
Fifé;ogre .20 is a schematic illustration o Eitﬁ{:.eﬂéé?cilg\}/i (’t:aegeatOf the
ot

\PBHPRBFARSSt dge of the fabrication process;

Firgiire 12lisi § sehSRBEIRILLE ation of the device at
a final stage of the fa tHnlcgﬂhcr)ena%v%ecg g;s! ?\‘H‘”ﬁi%ﬁﬁe‘eﬁ the
2fabrisatiorspipsasdii c il | ustration of the device at an

a ixe tinal stage of the fabrication process.
Dﬁg???@? %eas?:“r"i %’PP%ﬁeg‘fm’taL&%!f gloag tag lipap @ad riv the direction of -
Fagowe 19 -s1®ws Fidige 387 uct ure at the commencenent of '
fgbri cation. A sa?_phi re substrate 1 has a buffer

| alpere 204y a\ashematia Hiystratioreql thedesicel a pessveRtean® @age of the

t ﬂa%rication process;
Figure 21 is a schematic lustration of the device at a final stage of ‘the

fabrication process: and

Figure 22 is a schematic illustration of the device at an alternative final stage of
the fabrication process. o

'Det_ailed Descfiption of the Preferred'Ehbodiments

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 oh the

- buffer layer 2. The epitaxial layers 3 comprise a layer 4 of GaN, a layer 5 of
AiGaN, and n+ layer 6 of AIGaN, and a final GaN layer 7.

| Source 8 apd drain 9 .contacts are then formed on the surface of tﬁe 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 8, one on each side of source
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buffer |ayer 2. The epitaxial |ayers 3 conprise a

| ayer 4 of GaN, a layer 5 of AlI&GN, and n+ | ayer 6 of

Al GaN, and a final GaN |l 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
confice8n contact 9 for each transistor. Gate contacts 10

are then forned between each source contact 8 and each

drain contact 9 (Figure 3). In this way when each gate

10 is activated current will flow fromone source 8
As showmia Rigige 4k anrledricaly énsglating dayes sueh as agqmspiyationslayer 11 of,

A e s i R
a0 B, A o £GP QDR el ByRLERR W52 b s over

pasﬁm%%yéﬁqat(FlgﬁF@Sj a¥EViad 12 'fo‘-‘rrr@ﬂ ehrBLGP b¥sdiaabn layer 11 down to
conductive. Aresist is applied over passivation

the bayree caAtaétsi &yamd tHe) reaistiramaved1 A fustheethyehi ®4fln electrically and
passi vation |ayer 11 down to the source contacts 8

heahpendusiiver metal is apptiedeayer ef passivation tayer 113theflayem 13 also filling
electrlcall and heat conductive netal is ap

the gg,12( 1B %%@petatth%aowrseje?ntmts B\ Figurpbr In e atayoal contacts &

\/ 12. This connects the source
o arfd i B el . .

con acts 1% 6). Inthis way, all contacts 8,
and 10 are in the one plane. As shown in Figure 7, at
| east one further layer 14 is applied over the

As shonaue Figiee Mehtleast! shgefurtiet (ayut 114he appifi Mak tcdriiietive metal
11 not covered by the conductive netal |ayer 13. The

layef 38 @he the passivatidn layem1 tratcdovergd by tid eorsiuetivd mgtal layér 13. The
may be a nunber of |ayers - for exanple, three

fumﬂ’lf?’qyéf this seRed layelyers.  The first seed | ayer should
adhere well to the conductive |ayer 13 and nmay be of
chromumor titanium It nay be foll owed by second

Thels@¥&lay@fa hiaytd d Afberld flyefRY P Ex&thple, three different metal layers.
The first seed layer should adhere well to the conductive layer 13 and may be of
chromium or titanium. It may be followed by second layer and third léyer 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.



tantal um and copper respectively. Oher materials may
be used for all seed |ayers. The second seed | ayer

" may 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
expitaxial layers 3. The third seed | ayer acts as a
seedi ng | ayer for subsequent electroplating. As
shown, there are two layers 15, 16 with the | ayer 15
acting as the diffusion barrier and the other |ayer
16 being the seeding layer. 6 The coefficients of

t ; i < may. be diff.eren

TR RS S, 388 2 YEET TR PRy S A o
eXpamti GaNcwbichiisi 2hT.sWifilet the theombbhekpdraier socflidient®B¥f the
be QLiferent :{ront tlgﬁ? of GaN ét hey are., 14.2 and :

- 15o%eck RYEECTT iavye difipegntairam Ftai"{@él\‘y(“ﬁ‘w Arq d4f%eqnd 13.4
- -NedwpaBivIg) titdyd afkd & QGvalP I8In @Wé@%rﬁ“&é&&\gﬁbhgnﬁot pose
to the underlining GaN epitaxial .|ayers. HoWever,

pPRiAE stiesp perblerps trethgduderiiningeGaNepitbgabisyersi Hkwaser, plated

h f_ i t , t
eSS b8 kA AR ED b’ L BiRE niER SR B may
t hausestavess strddy srobleyhsb&hly, PeaeRY |8Tre cah belysdiy Bifffer the

suffi Cl\' nt flexibility to absorb the stress, by having
s8f 3T BistmnbePrane F MereREir act eri stics to absorb the

Shy B8¥%ing s%cﬁﬂgﬁeg?}oil id LeddeBin %fggf. ity to wthstand

the stress;, a avl ng grade érmal expansi on
cbehtviog enffisient intari stip shamktegisticketh dHseroie stress,

cpeffi.cients, 4ha' .t of the first |ayer, prefe.rably
|g%g‘a‘"ﬁ%éﬂ’!ﬁ?ﬁair'%‘f‘"%*ﬁé”'ﬁ??&%‘hﬁéyéﬁsvm that of the
SBg Bavng giRieditBertbRsARION tSdfcibdtan that of the

third layer and so forth. For exanple, as shown the

first layer 15 may _

In the case of graded therm_él c"o'efﬁcien't's.'-'t"hét of the first |ayer"pfefer’ably 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 showﬁ the first layer 15 may

' be tantalum with a _cbefﬁcie'nt 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
coefﬁcie_nts of thermal expansion are gradéd from the passivation layer 13 and '
to t_he out_er, copper layer 18. An alternative is to have coefﬁc‘.ie'nts.of. expansion

- that differ such that at the terhperatures concerned, one metal layer ex’pénds |

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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- be tantalumw th 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
t he passivation layer 13 and' to the outer, copper
| ayer 18. An alternative is to have coefficients of
expansion that -differ such that at the tenperatures
concerned, one netal |ayer expands while another
contracts. If the outer, copper |ayer 18 was applied
dfiffetant ymeteriglse restauiarty mejels Q®hahdvlnpassdnﬁa‘bnbnoeffc:ent of

| d th
e P A e LR Do AL b S eGP RaY fPuh tre

Byeatt yersd wiity thepn‘elsu%nttlxawef ligeitdoli fetr@chihg, deparation and/or
fffere t materials, cPartl cularly netals each having

Frig olf thergare IPERTTRle Tayibtintie ipigsaiediabnlavers). should have
SES RGBS of | IRERBbN DERRESH Ybsdr agér%a‘fj’sktal% %ggn& If}'ﬁould be

seed Iayers with' the resultant I ho
cgragrd dgpm M@ff the st layer &5 to trwitlofithes fihalllhydrii@r eTrare may be

[ the internediate |ayer shou
hﬁé,gﬁfg@ﬂg 1%"€e """3’% flh e WEX RS G isses] ?fhé‘%%!'e&f Simber of
| iayeamedite favér%neaﬂ\d: girenlathdhe foghpded from that of

the first layer 15 to that of the final |ayer 16.

There may be. no intermediate |ayer, or there may be

ag%reéﬁ{ﬁzg%cggla@i V\B%S‘LF ggr 2% %la@el){ H‘)(&g E\reggld' a@ LED &s pogper that
pivilit Semee aa{ﬂ;}e&;’\bwymbsttateoénd/et béa:]t\sahk;{ a batgéf?rm:tmhk Edgfd% 17 is
: er, tha new substrate and/ or :
neagied] rytne a?eﬁgt'?lé?f 15 Y, P et rograpty (Rigpidgand the
t@ridhang %‘é(al' 138’ gpl&éd%t@teé‘ﬁ‘ das %V@p@{eolﬂgékr}ggxgﬁwglgure 9) to
(Figure 8), and remai ni ng neta

H@f‘ﬂ/@eﬁ"@ﬁd”%ﬁb‘?‘-‘ﬂpﬁé layardi8. resi sts 17 (Figure 9) to
forma single netal support |ayer 18.

The removal or lift-off of the sapphire substrate 1 then takes place (Fiéures 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, ahd M.
Stutzmann, phys. stat. sol. (a) 159, R3 (1997)]. The substrate 1 may also be
removed by polishing or wet étching. This éxposes the lowermost surface 19 of
: .the GaN layer;t It is preferred for lift-off of the substrateto take place while the
epitaxial layers 3 are intact to lmprove the quallty of removal and for structural
strength By having the epltamal 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 mare of: the new mechanical support; and during operation of the
8



. The renoval or lift-off of the sapphire substrate 1
then takes place (Figures 10 and 11) in accordance
wi th known techni ques such as, for exanple, that
described in Kelly [MK KeIIy, 0. Anbacher, R
Dmtrov, R Handschuh, and M Stutzmann, phys. stat.
sol. (a) 159, R3 (1997)]. The substrate | nmay al so be
renoved by polishing or wet etching. This exposes the
| oner nost surface 19 of the GaN layer 4. It is ‘
preferred for Iift-off of the substrate to take place

\Mseﬂmohhectoeﬁetnamnalam@y@ra&t Jsabrie oPtrdére &0 o ﬂQétoé’iﬁk a heat
9 ual i t of renmoval , and for structural strengt

BB A 8 COPPESIELRY s o8 BralSaht fasar 7iineolatvals BN, the
r ﬁEE’thaneFé‘t@d |r? %&Weﬁb?%& 320 thdrEeas S)e%;ﬂla A(?F% %S{\%Léc%éqd & the thick

the epitaxial [ayers are preser

r éayeu 48. Asotershafiting. lagkrssulh 4 Bramtiet 4laretHeait thhdutkive. -
plated netal 18 is able to act as one or nore of: the
new nechani cal support; and during operation of the 8

sehé cesd w&(s) ABVinG9 Hesaraeie%trtcal ARllafifg Mfer Hut Ws? b8fa good

a heat sink, heat - di ssi pater, and a cohnectin

| {ypemal Wdﬂﬁ@rﬁmaﬁ’NGaN layer 7 is relatively th| n,
the heat generated in active layers 3 is nore eaS|Iy
able to be conducted to the thick |ayer 18. Al so,

edbé thick-laper Hayereatebla pb'ﬂaﬁl’wl chfaditschemht siows the speed of
condu t|v§y The seed |l .ayer(s) 14 may be an el ectrical
I

i ASYP ia5rersipgherdistanse betwerulavenas mad toe saiwia@riayers
€30the PabhsitlGaddeitalcd RMeErebSegr €@t €S a parasitic

capaci tance that slows the speed of operation. By
i ncreasing the distance between | ayer 18 and the

eRpi tax ayer t he parasitjc capacitance is
SR B! b g BpPRLBSHY SuGRRET LB OLR tavr 4 and
neteohiey paleasdplats taremls 1edst bhe @bbltmagh %pﬁaﬁtal 189&9'1@% the
takes place to form.at.least one.via 2

efRinageRipch gy(g,gyrqgmt)o Yige20 is then-filled (Flgure 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_ﬁ.lled to form a gate connection: 23.

Figure 16 shows a vi.ew of the gate ¢onnection 23 as well as the :dra'inf

.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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drain contact 9 (Figure 12). Via 20 is then filled
(Figure-)3) to forma 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 forma
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
simlar process for the source connection 8. A via 24
= )l j | s 3to the

o T Ry S BN ES" )2 1111 ed o
formthe source connection 25. 9 Figure 19 shows a

Vi .of . the source nnection. 25. Etching then takes
IRt HeniaRes Base (ISEEN Ristm mepeiabihguab fee ebitexiel layers
e basdiadtionauirsi 1 shd RABsbiALARE ° the thick resi
conguctive Iaﬁér 13 until the %&r:rdissa%'?ntti%eﬁ%%éhe fhick resists
r d€jaEe §xpasedyThe thighoresists Thare ther kemewddsios disBeparation.

then renmoved. for die separation. This | eaves the
connections 20, 23 and 25 so 'the device can be

elTaist isaves Itiye conmeutioh® 0, ABt Mid1abi &etns danee @8n BeouRctrically
in Fi rq?w%lZ, t he rogess of Fi %ures 17 and 18 may be
avcsﬁ“a%%e i MPTORIYCYe AR 251 BRWBLD Fdours e the Pi9sasmpbligures 17
Elapgtigi @i r i
W Eroay beeRtied Wil Sepdifor BBkl wAUR! eikivica
‘dégnnestioniforthe sputcegoptatt iayer t:wiligthen be ap bitver cabdth sides 26.
holes drilled by,-for exanples, I|asers to enable the
connections 20, 23 and 25 to be forned. Alternatively,

affdiesired sthewnbstraté i1 ghiebe left ia pldset 1Ry hdieyélled byOfor @xamples,
n?t erial .that-is a heat conductive bu
el

t
2SErS Breniahls e seonpeians 2l @3 @ndmae briprmedaditsenatively, and
Pla@SRoRh it k& 24 Ca Jurther layer 27 of a miaterial that is-a hedt onduictive

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

. In this way the device HEMT device can be us'quWith the relatively thick metal
layer 18 agting as one or more of: a contact, heat sink, heat diffuser, and a
physical supporﬁ for the device. The combined effect of the passivation léyer 11,
the conductive layer 13, the seed layer 14 and the_relativély thick layer 18 s that-
they are all ¢o_nductive 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 pfesent invention, it will be understood by those skilled in
the technology concerned that many variations or modifications in details of
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In this way the device HEMI device can be used with
the relatively thick netal |ayer 18 acting as one or
nore of: a contact, heat sink, heat diffuser, and a
physi cal support for the device. The conbi ned effect
of the passivation layer 11, the conductive |ayer 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 layers 3, and
for themto conbine to be a heat sink. Wiilst there
h&§sSigBe AT ceSHUBERN iMaY e MordeydYifgutictapaiting diom - the present
pr@fpkbgd enbodi ments of the present invention, it
will be -understood by those skilled in the

technol ogy concerned that many variati ons or

nodi fications In details of 10 design or construction
may be nade without departing from. the present
invention. 11 LLOYD WSE The Clains 1. A nethod for
fabricating transistors, each transistor conprising a
plurality of epitaxial layers on a common substrate,
nmet hod conprising: formng a plurality of source
contacts on a first surface of the plurality of
epitaxial layers; formng 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
drai n contact;

11



form ng a conductive | ayer over and throughf at |least a
art of the at |least one insulating |ayer for
gonnecti ng the source contacts; form ng at | east one LLOYD WISE
seed | ayer on the conductive layer; and formng at
| east one heat sink |ayer over the seed layer. 2. The
Theretaiad as clained in claim11l, wherein the transistors
are high electron nmobility transistors, the plurality
of epitaxial |ayers conprising a |ayer of gal I'i um
- ni tAindethod, fonl faheicatisty tibnsistoisuwagialttansistoni domipdisingaa plurality of
er of nt alumniumagalliumnitride and a final

epltpélggﬁyerapn@aqqmrnm plkstratge methad gomnsisingur f ace bei ng on

af trid
orhE gy LT Phorfd YR SIS ot bE Bl PR Sars
forrhiRg at I@hét%et&ﬂémQ%ﬁfac&%‘ﬂ@%ét‘éﬁrfaéehe conductive |ayer
connecting the plurality of source contacts through

formingat leasttdne gate t@raadt onanefiishisutaaei ng | ayer. 3. The
method as clained in claiml or claim?2, wherein the

forn@ing |at deast ome Iayert ofsinaldatingaynaterias ogen ahdibetneadlen ﬂhbigd(e contact,
yer of conductive nmetal formed over the conductive
s°”f°§y%5-’r”ta°ﬁ§ ang dherdfain goatact:iogiinselating, theh gater cantagt,ngoutce gontacts

rej e seed |l ayer conprises a plurality of
and%héggsl f/oé]%q wherein a first of the plurality of seed

fornl1 Ay %rcﬁnﬂicéﬁ? @Aye?GVér%ﬁdnﬁrouﬁﬁ at N, }%r?lc:if t %"J{‘i'éﬁsﬁ toﬁgfnsulatmg

I ayer seed |layer being

layei & cAnhédting thDsdfréd EdrRadts;of therrral expansi on; and a
second seed layer is formed on the first seed | ayer,

formihgat Isast ond ssed thyeayrethelmndgctioé |ayenaingri al that has a
second co-efficient of thermal expansion, the second

formieg afleagtionnheat sithiayagvesisaaesi tavebei ng greater than
the first co- efficient of thermal expansion. 5. The
method as clained in claimd4, wherein one of the first

2. Seathel A¥fod W chaltffed 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 the at least one heat sink

layer is a relatively thick layer of conductive metal formed over the conductive layer.

4. The method as claimed in any of claims 1 to 3 wherein the seed layer comprises

a plurality of seed layers, wherein a first of the plurality of seed layers is applied to the
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second seed layer is a diffusion barrier for providing
a barrier to diffusion of a layer applied to it from
diffusing into the expitaxial layers. 6. The nethod astLOYD WISE
claimed in claim3, wherein the relatively thick | ayer
of conductive netal is for at |east one selected from
conHiQive NP, herTrsiSédeddafdr: being bf HThEM! tRMPRRT 4 firsd coll®lient of
sink, a heat dissipater, and as a connector. 7. The
themed leardaressorg, | aridme dseicanadursged flaydr ds rfernied on &he Viinstr ségd Rayer, the
source connection is formed by creating then filling
secgid |segdtlayafebging efhpomgteriahéhai diaspa sensodr ea-effigiedt ofdhermal
exofnslah dhe e Res Brafh et Pl gpags 0B e Sreates than he frst co-
. rej rain.connection is fornmed by creating then
eﬁ't}‘%?ion%’ggﬁa&égé%l%ﬁe via through the comobn substrate
and the plurality of epitaxial layers to the at | east
one drain contact. 9. The nmethod as clained in any of
5. cl dihesméthbd &8, clsimedai rtlamghtvehecein et dfdne ifisst sked n@@r Ryid the
creating then filling at | east one via through the
secershfesd %yssisf atdffupion barger farurayiding abasier teugifiusion of a layer
.ayers to the at |east one gate contact. 10. The
appl‘n“éi/‘ﬁdbfr%d usingRfo the expita ?'qexea?-rrs 1 to 6 further
conprising renoving the substrate after the at |east
one heat sink layer is formed; and formng a further
6. | V%l Réthod ds blafYdd WcRlim £ Mieldin 4Rl elatildly tHi Ib?&d?'&gnductive
heat conductive material 1 n place of the substrate.
metdllis fdhet lastherk sslectbaifidtHengrelipicBhsiStingWfe Bedtiicural support, a
source connection is formed by formng then filling
heaksink, @dat dissipelen andrasugtennietopl ural ity of epitaxi al
| ayers to the conductive layer. 12. The nethod as
claimed in claim10 or claim1ll, wherein a drain

7. Co%@%étﬂgd 'a% claimed in any of claims 1 to 6, 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.

8. The method as claimed in any of claims 1 to 7, wherein a drain connection is
formed by creating then filing at least one via through the common substrate and the

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

9. The method as claimed in any of claims 1 to 8, 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 contact.

10. The method as claimed in any of claims 1 to 6 further comprising removing the

substrate after the at least one heat sink layer is formed; and forming a further layer of
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formed by creating then filing at | east one via
through the plurality of epitaxial layers to the at

| east one drain contact. 13. The method as claimed in LLOYDWISE

any of clains 10 to 12, wherein a gate connection is
formed by creating then filling at |east one via

eledthcaly glaulafifg Bhd haht doyid@dtive Phdterdl # plhéy &the b@bstialls at
| east one gate contact. 14. The nethod as clained in

any of clains 1 to 13, wherein patterned plating is
performed before the at | east one heat sink |ayer is
1. oriedmethnd aspplaimadus daimpta, shegein raamr@et go@ecta@mh; formed by
ural i i tax | ayers havin
forg peg Wty & leat Bpe p tnbush o8 1T e obtrudiiers o the
one drain contact and at | east one gate
onaﬁcﬁltvggz%s}e all on the first surface; (c) at |east one
insulating | ayer over and between the source contacts,
the at |east one drain contact and the at |east one
12. gatEhecmethadtasf caimetsial ddimnt) bhelappatie, ahsieht b, draidddnBection is
contact and the drain contact; (d) a conductive |ayer
formeaceby aieatingthendhinaat l@atsoneawpahrtouglh thehpluetityl efeaptitaxinklayers to
i nsul ating |ayer for connecting the source contacts;
the gt lpastione dlaip cBAf@Cheat sink | ayer over the conductive
| ayer; and 14 LLOYD WSE (g) at |east one seed | ayer
bet ween the conductive |ayer and the at | east one heat

13. Si Miel A¥RBA a}ﬁ:laujﬁgﬁ it BRAL Ellalﬁnsa%ﬁd 5 NRkkrb R é:ggtjem,o%ﬁection is

wherein the at | east one eat sink layer Is

fornteansiuerebtirgy {hayi dillingrd Iddie ond vﬂa&ﬁ@hgﬂﬂ% bI0Eityosfl eHitakiali8yers to
not covered by the
the at least one gate contact.

14. The method as claimed in any of claims 1 to 13, wherein patterned plating is

performed before the at least one heat sink layer is formed.

15. Apparatus comprising transistors, each comprising:

(a) a plurality 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) at least 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 gate contact,
source contact and the drain contact;

(d) a conductive layer over and through at least a part of the at least one
insulating layer for connecting the source contacts;

1)) at least one heat sink layer over the conductive layer; and
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conductive layer. 17. The apparatus as clained in
claim 16, wherein the at |east one insulating |ayer is LLOYD W
el ectrically insulating and heat conductive. 18. The ISE
apparatus as clainmed in any of clainms 15 to 17,
wherein the plurality of epitaxial |layers conprises a
| aygy Ofat %ls{ b eid 16| étDetied e coRbuchlel THyBH AM I fe! étLPéHst one
nitride, a layer of nt alumnumagalliumnitride and a
heaf sinkelayérayer of galliumnitride, the first surface
being on the final layer of galliumnitride. 19. The
apparatus as clained in any of clains 15 to 18,
areln t he conguctlve onnects t he glurallt

S avea L Pate ey 5 wherin Peet laast %@,Eeeam@wk fayer s
ovenl Eﬁeu &‘idu@g\i%"f‘%@g fgdzg aljt Sa?tp zr{sﬂfatlﬁ tlg)(ﬁ'rm% aotvere"%‘inﬁ;y the

Wheten he he
condiidhe Ig¥er is a relatively th| ck | ayer of conductive
netal oOver the conductive layer. 21. The apparatus as
claimed in any of clains 15 to 20, wherein the seed
| ayer conprises a plurality of seed | ayers, wherein a
17. 1 i rTde appatats g8 claigedtip caim d6ewhérainghe at keastonet insulating layer is
conductive layer, the first seed |ayer being of a
electrically qngqlla’{lqga@nqqlagatgochgye co-efficient of thernal
expansi on; and a second seed |layer is on the first
‘seed | ayer, the second seed |ayer being of a naterial

18. th%eg%%agatﬁﬁggyaiﬁ%{dgmang} @f?é‘alﬂfs jd1es el \Aﬁ‘n’éF@rﬁﬁé)glurahty of

he s ermal ~ expahsion b

epitaif adyRrfs Edtaprideba |5y ér?df amurﬂfrfth@é mbyé}foftarwmh gallium nitride, a
expansi on. 15 LLOYD E 22. The apparatus as cl ai ned

layer of o+ @iumi@dm gweln'enlmdrermndod fibdl dayer of galiemchitridy ethe dinst surface
the second seed |layer is a diffusion barrier for
beingramthelfing layep af @3litm niridg. f f usi on of a |ayer applied
toit fromdiffusing into the expitaxial |ayers.

19. The apparatus as claimed in any of claims 15 to 18, wherein the conductive layer

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

20. The apparatus as claimed in any of claims 16 to 19, wherein the at least one heat

sink layer is a relatively thick layer of conductive metal over the conductive layer.

21, The apparatus as claimed in any of claims 15 to 20, wherein the seed layer
comprises a plurality of seed layers, wherein a first of the plurality of seed layers is on
the conductive layer, the first seed layer being of a material that has a first co-efficient of
thermal expansion; and a second seed layer is on the first seed layer, the second seed
layer being of a material that has a second co-efficient of thermal expansion, the second
co-efficient of thermal expansion being greater than the first co-efficient of thermal

expansion.
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23. The apparatus as clained in claim20, wherein the
relatively thick layer is for at |east one sel ected
fromthe group consisting of: a structural support, a
heat sink, a heat dissipater, and a connector. 24.
The apparatus as clainmed in any of clainms 15 to 23
further conprising a source connection through the
common substrate and the plurality of epitaxial |ayers
22.t 0 TtHeeappaRItEIsd EdPnddbil @Taim 23, witéreindgHeasfahe! frsSedd 13{drafhd the
in any of clains 15 to 24 further conprising a drain
secorhreexdt layar ishaaliffsidrh bartiemfwrprevidisg raaberrizndo tdiffusion of a layer
urality of epitaxial layers to the at |east one
appgfrdaﬁont feasn difiuping o thenexpipiallaxais as claimed in any of
claims 15 to 25 further conprising a gate connection
t hrough the common substrate and the plurality of

23. ep"ltr%xéﬁarét@é’ &L Rafrfed fﬁl cldin 26 Qﬁ}"r:etrelﬂriﬁ %tﬁte&s%%g(i%yeré%for at

appar atus as alned’'i n any
leastORE Sklacteh eromihet gratys cd)r$s|st|h§r8PVeﬁ§irLﬁMr§fstBSrtr&hé&t‘ &1, ¥ heat
thick layer of conductive netal is forned
dlssmﬁmratdja;came@tam med in claim27 further corrprl SI ng a
source connection through the plurality of epitaxial
Iayers to the conductive layer. 29. The apparatus as

med in.claim27 or claim 28 further conprising
24. gr ?hﬁ APPEratySHDC IncRHrRe 3G 1oHP @édHrtWecomqmsmg. § gource
I rs t S u
confly BB U d et b B0 BAR, S0 Bm s o e
condctiv@4@r.f urther conprising a gate connection through
the plurality of epitaxial layers to the at |east one
gate contact. 31. The apparatus as clainmed in any of

clains 21 to 23, wherein the at | east one heat
25. The apparatus as claimed in any of claims 15 to 24 further comprising a drain

LLOYD WISE

connection through the common substrate and the plurality of epitaxial layers to the at

least one drain contact.

26. The apparatus as claimed in any of claims 15 to 25 further comprising a gate
connection through the common substrate and the plurality of epitaxial layers to the at

least one gate contact.

27. The apparatus as claimed in any of claims 20 to 23 wherein the substrate is

removed after the relatively thick layer of conductive metal is formed.

28. The apparatus as claimed in claim 27 further comprising a source connection

through the plurality of epitaxial layers to the conductive layer.

29. The apparatus as claimed in claim 27 or claim 28 further comprising a drain
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sink layer conprises the relatively thick |ayer of

conductive netal, the at | east one seed |ayer, the

conductive |layer and the at |east one insulating LLOYD WISE
| ayer. 32. The apparatus as clained in any of clains

15 to 31, wherein the transistors are high electron

confdBbh uwugr{ mew&&my of %aéx.amaﬁerere&a{eaét Hé%s?én&%ﬁlr&@godtgct

any of clains further conprising a layer of
el ectrically |nsulat|ng and heat conductive nmateri al
in place of the substrate. 17
30. The apparatus as claimed in any of claims 27 to 29 further comprising a gate

connection through the plurality of epitaxial layers to the at least one gate contact.
31. The apparatus as claimed in any of claims 21 to 23, wherein the at least one heat
sink layer comprises the relatively thick layer of conductive metal, the at least one seed

layer, the conductive layer and the at least one insulating layer.

32 The apparatus as claimed in any of claims 15 to 31, wherein the transistors are

high electron mobility transistors.

33. The apparatus as claimed in any of claims 27 to 30 further comprising a layer of

electrically insulating and heat conductive material in place of the substrate.
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