WO 02/ 25700 PCTI GBO1104211 -1 SEM CONDUCTOR DEVI CE AND METHOD OF FORM NG A
SEM CONDUCTOR DEVI CE The present invention relates to a sem conductor 5
device and to a nmethod of form ng a sem conductor device. . The present
invention is particularly concerned with high voltage/ power sem conductor
devi ces whmadw2eamwobe used as discrete devices, in hybrid BTGBIg21ANd i N
power 10 integrated circuits and is particularly concerned with
field-effect transistors, such as power_,MOSFETs, insulated gate bipolar
transistors (1 GBTs) and other types of power devices such as diodes,
transistors and thyristors. is I I d for use in integrated
circuits, it is preferred thafﬁ@ﬁégﬁépﬁeﬁ%ﬁﬁﬁka s (variously called the
anode/ cat hode, dr ai A¥BOMETEOIAGF GORMING/ RofENeItaNDUCTOE DEvECEONt r ol
termnals (termed the gate or base) are placed at the surface of the device
in order to be easily 20 accessible. The main current flow is between the

main termnals apd pgebbREeiNfehiidGenakby tatLradmiSHdhctdevi ces are
therefore typically referred to as |lateral devices. Such devices are often

i nt egr at ¥ &V CeoRRdy Bt AgBeiAd s fermdng cai teninAnduateICIESiEPpe or ot her
25 standard planar technologies to formpower integrated circuits. Several
hi gh vol t age/ power devices nay be integrated in the sanme chip. Isolation is
provi ded bet weenThehprasght pomeentzimn tise phobd polwrltddnasrngsd wdkh as
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10 integrated circuits and is particularly concerned with

field-effect transistors, such as power MOSFETs, insulated
gate bipolar transistors (IGBTs) and othexr types of power

devices such as diodes, transistors and thyristors.

15 For devices designed for use in integrated circuits,
it is preferred that the main terminals (variously called
the anode/cathode, drain/source and emitter/collector} and
the comtrol terminals {termed the gate or base) are placed
at the surface of the device in order to be easily

20 accessible. The main current flow i1s between the main
terminals and is therefore principally lateral. Such
devices are therefore typically referred to asg lateral
devices. Such devices are often integrated with low-
veltage devices or circuits built in CMOS-type or other

25 standard plamar technologies to form power integrated
circuits. Several high voltage/power devices may be
integrated in the szame chip. Isqlation ig provided between
the high-power and the low-power devices as well as between
adjacent power devices. Two principal isolation

30 technologies have emerged, namely junction-isclation (JI)

technology and silicon-on-insulator (SO0I) technology.



-2 in Jl technol ogy, a reverse-biased junction is used to isolate adjacent
devices. However, this is in nmany cases not satisfactory for power
integrated circuits since minority carrier conduction through thé =

sem conductor 5 substrate (on which the active part of the device is
formed) caV®8X¥7W ace and i nterference between adj acent POWGBRENE211S
therefore difficult to prevent. In addition, JlI Dbipolar devices (such as
the lateral IGBT) also suffer from parasitic nobile carrier plasm stored
in the sem conductor 10 substrate in the on-state which has to be renoved

during turn-off . Thyscde qgg%&g@LL L | £.chl f the
devices. I n Sol Egb nologgﬁggagi?ﬁ%d insulat%%gg§a@%$&$§hﬂggiag%g Fg | sol ate
vertical ly tlsolabe edircentudevicesyeHdweynrt hehidots oin swmiyccadast or | ayer

and, accordingly, [ copduct | IS.principally restricted to the top
seniconduct&ngé?gﬁggﬁggFﬁgr °Fspéﬁ%§n#%§%?F§ ﬁg %h%? et i The bottom
sem conduct efircayery carathygrnodedwdét ipethiroagh 20e Hosmzastidlcter | atera
isolation_in Sol is ty icah%% rovi ded vi a treﬁc es which qre filled with
oxi de or Dy trate; Hgnkﬂ hi EYYECRPEbxPHat D DL Ii¥con”)

i sol ation. SYrreRAghrahogukel Hesse batd amtesebabhod hdereet adjaeRnel ogy
because the buried insulating | ayer prevents 25 current con&uctlon and
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responsi bl e for blocking the voltage. This junction 30 includes a relatively
| oW y doped merasdidrduapblleagerr Wi ghlasmiat BSpaedsin hehe arqesondygctioon of the

vol1202 267 SIS TN S! BYELE AN N, o Sl dd g 2t and
turn-off. This decreases dramatically the switching speed

-of the devices.

In SOI technology, a buried insulating layer is used
15 to isolate vertically the top semiconductor layer from the
bottom semiceonductor layer and, accordingly, current
conduction is principally restricted to the top
semiconductor layer and there is practically no current in
~ the bottom semiconductor layer in any mode of operatiom.
20 Horizontal or lateral isoclation im SOOI ig typically
provided via trenches which are filled with oxide or by use
of the known LOCOS ("local oxidation of silicon")
isclation. SOI technology offers better isclation than JI
technology because the buried insulating layer prevents

25 current conduction and plasma formation in the substrate.

High voltage semiconductor devices have incorporated
within the body of the device a high voltage juncticen that
is responsible for blocking the voltage. This junction

30 includes a relatively lowly doped semiconductor layer which
withstands the largest portion of the voltage across the
main terminals when the device is in the off-state and

operating in the voltage blocking mode. This layer is



WO 02/ 25700 PCT/ GBO1104211 -3 commonly referred to as the drift region or
layer and is partially or fully depleted of mnority carriers during this
operating node. ldeally, the potential is equally distributed al ong the
drift region between the two ends of 5 the drift region. However, as shown
by the 1-DWQPMEE3H® equation, for a given doping of the dPCﬂGB&@@RUn, t he
distribution of the electric field has a triangular shape or, when fully
depleted, a trapezoidal shape. Since the;_area underneath the electric field
can be approxi mated as 10 the breakdown vol tage when the peak of the

el ectric f'eéoq%ornﬁﬁg%%e&gsgcwa Anelfalet! b1 i N ing%%g} qgnductor,

It is obviou unc ion, thelo he drift
| ayer, the pagttdmlilyeolor éalldipmﬁepbéttexg@f minoeyey cetnrlemﬂ @turtiyigcarri er
devi ces such .as I]NCSF the on-state

15
resi stance ol'fmtsné’P(‘j’|"’F‘;f"n>-{I 593? |s£(ci[l] Selt ®pPBHTH :'r%]na"tst Ydopi ng of

the drift |@y@ribSitede adohgWna-desits raddeni BetRsén athd twa dhldghofvol t age
switch, it foIIo that a | ow dopi ng concentratjon affects the on-state

per f or mange 'gt¢ (Fd EeFPEOn n BOWLYRE 1 i35h SREWD| BY ebbf HidviRQIESMhe criti cal

electric fiedghatdlon!, NEoTURS ggeehscl@ﬁ@;ld %rf thanatdrt headbtd K, @@ddi ng further
difficulties_1n designing tgh vol tage | ateral devices. The i ntroduction of

t he RESURF (¢kﬁﬁﬁ&§ﬂt$9ﬂf9€e Pe?%ﬁCKE}QHﬂNSéﬂ)h@%cﬁrﬁ%&ﬂﬁﬁﬂﬁﬁ:HShééﬁlces
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reaches the critical electrlc field in the semiconductor,
it is obvious that for a 1-D junction, the lower the doping
of the drift layer, the higher the breakdown voltage.
However, for majority carrier devices such as MOSFET types,
15 known as LDMOSFETs, the on-state resistance of the drift
layer is inversely proportional to the doping of the drift
layer. Since a low on-resistance is desired for a high
voltage switch, it follows that a low doping concentration
affects the on-state performance of the device. 1In
20 addition for lateral devices, the critical electric field
at the surface is smaller than in the bulk, adding further

difficulties in designing high voltage lateral devices.

The introduction of the RESURF (Reduced Surface Field

25 Effeckt) technique for JI devices allows an increase in the
breakdown voltage of lateral devices through the use of an
additional wvertical junction formed between the drift
region and the semiconductor substrate. Figure la shows
schematically a conventional JI diode using the RESURF

30 effect. This dlode is provided as part of a conventional
lateral power device such as a lateral transistor, LDMOSFET
or LIGBT. Figure la also shows the distribution of the

potential lines and the edge of the depletion region during



or LIGBT. Figure la also shows the distribution of the potential |ines and
the edge of the depletion region during WO 02/ 25700 PCT/ 680110421; -4 the
vol t age bl ocking node. It can be noted that the drift layer 1 is" fuIIy
depl eted but the sem conductor substrate 2 is not fully depleted. The
potential IWREXK2¥¥nd as they drop in the substrate, fronPEREBYEMRIICa
direction towards 5 the horizontal direction, such that bel ow the high
voltage termnal 3, the potential lines;are practically parallel to the
bottom surface 4 of the substrate 2. This is because the thickness of the

sem conduct %hé%&%%%&ebiobﬁln%%@&é velpt bahdfe (Al 39Q @higpnpared to

the vertical 10 extension of depletion region fromthe top surface 5
into the substyent & 1s( £ppilyafepleed hutothe sevicerductr subdshcefet e

sem conduct of S f dovvn of the
devi ce occure %IL%% %ﬁéﬁo b?ﬁaf% ujfﬂe%/é)r ggnﬁﬁiggdlmdeggcﬁaer?dac g &¥br eakdown
vol t ages 15 dxgpup \dal €he Bubbbnaéepffm ttheak et beel , dire Epide t@f.qatrhe reduced
surface critical el.ect field, , Nevert ure la, even
an optim Sed 1§ FOEAP 1"F:I‘?‘gl GlraFE%‘?‘?mﬁ“i g‘nltﬁgﬁn}@gfﬂ‘é '%Ee\g%ﬁlﬂqb EBF is far
from being tdledmali 3¢. thechapebt 841 iTinshaped pradEitdign mgaaheeagdy 20
mentioned, the J1 devices _suffer fromhigh | eakage currents_ and very poor

i sol ation, VHICRYEREs spEEagrati Bh kit HURsErRbSes - | Mkt ke PeCAMERI t very

difficult. Rigungildnslawsrarcenyantdaifictsl shoeeapdiLhd s 25 typically
found as part of a SQ lateral high voltage power device. The structure can

be nmade usi nzgaldtaﬁeﬂgmﬂawg’éer(typmmm 3oldpmbomtnparéil MoX t3ed vieetthoal ogi es.
O her technol ogi es su con- ano S are al so known. Figure
Ib al so %Hom%x’:t‘%é”é’&uio B?‘Qnaﬁﬁ e"FJr‘t‘ﬂe Tegion Poh TR top surface 5
into the substrate 2 (typically 60pm for a 600V device).
Hence, the semiconductor substrate 2 is not fully depleted
when the breakdown of the device occurs. It is known that
a lateral JI diode can achieve breakdown voltages
15 equivalent to those of vertical diodes, in spite of the
reduced surface critical electric f£ield. UNevertheless, as
shown in Figure la, even an optimised electric field
distribution using the RESURF concept is far from being
ideal (i.e. rectangular in shape}. In addition as already
20 mentioned, the JI devices suffer from high leakage currents
and very pooxr isolation, which makes integration within a

power integrated circuit very difficult.

Figure 1b shows a conventional SOI diode which is

25 typically found as part of a S0I lateral high voltage power
device. The structure can be made using the known wafer
bonding, Unibond or SIMOX SOI technologies. Other
technologies such as Silicon-on-Diamond (SOD} are also
known. Figure 1b also shows the equi-potential line

30 distribution‘during the voltage blocking mode. It can be
seen that the potential lines crowd towards the edges of

the drift layer 1, resulting in a poor RESURF effect.



30 distribution during the voltage bl ocking node. It can be seen that the
potential lines crowd towards the edges of the drift layer 1, resulting in
a poor RESURF effect. WD 02/ 25700 PCT/GQ /04211 -5 Increasing the thickness
of the buried oxide 6 helps to redistribute the potential |lines nore evenly
at the top WOWRHEL S. However, in general, the breakdown PEBIGBAge2is  stil |
bel ow that of a JlI device or JI di ode as shown in 5 Figure la. Again, the
potential lines in the drift layer 1 apg_the buried silicon oxide
insulating layer 6 below the high voltage ternmnal are practically aligned

to the horizonidls; ft%féetg ebé Q'P 1—Ie9 19 bk hBag BQF%?SE%“ conduct or

substrate 2 1s not i rel e 10 result 1s that

pot enti al Ilrﬁinﬁtﬂ&buuﬁ ¢M@w@0tanb1a1k&&nﬁa1mpﬁanEBnlyaad thsuwa i ng | ayer 6
in the case of nd ver aI| n rall.el to e insulating

| ayer 6/ senf ¢ coﬁ uct‘r’gr Ubst %at’eiﬁ ?g a{cétElll ﬁ%eg%f’lg’é{?eg % W heen
distribut|onsmilltheunnerhatabflanes d&vid&adnnmzlﬁlsdefaeesﬁomﬂlnm results in

high electrig, field d .therefore I.0 kd
it on, o1 oFLEHFE v, (B nEhECHELPHAA ol BF% B bBPpSRGFE uf 5% dponent

of the el ecifid cid Wirdemsisiy iPonFoRidd hiduaRtahgt h8yeseli BOTGW Al | ayer
1/buried oxide 6 interface limts the 20 maxi num voltage that the buried

oxi de 6 can %{BﬁeﬂQiQﬁﬁﬁnQ?rm#ﬁélcPF?|E%ﬁ?§ﬂQQ%;N alipepd FA EM® sem conduct or
Laver 1 al  AOfsddHEl Ak fadd caghed. 1Mk S khdkaBteghdenpny! el ds a very

strong limtation on the maxi mumyv age rating achievable for a given
buri ed oxi desemiekmisd.oBulisfraten2 sisnraty, entnrleéu'hd@plahdd SQThevi ces, the

potenti allol ' P§§uﬂ‘:"ves tt%at{e%q.lf LR Sol\./gﬁt!iaclalll% eﬂg@%l 98 E?owd into

the drift layer 1 and insulating layexr 6 in the case of S0I
and moreover have to align parallel to the insulating layer
&/semiconductor substrate 2 interface. This creates an
uneven distribution of the potential lines at the top

15 surface 5 which results in high electric field peaks and
therefore lower breakdown voltages. In addition, for SOI

devices, the conservation of the perpendicular component of

the electric flux density D=cE at the top of the
semiconductor layer 1/buried oxide 6 interface limits the

20 maximum voltage that the buried oxide 6 can sustain before
the critical electric field in the semiconductor layer 1 at
the interface is reached. This vertical breakdown yields a
vexy strong limitation on the maximum voltage rating

achievable for a gilven buried oxide thickness.

25
Thus, 1iIn summary, in both JI and SCI devices, the
potential lines have to bend from a vertical orientation to
a horizontal or lateral orientation and the potential
distribution in the drift layer 1s far from ideal.
30

Moreover, when a power integrated circuit wade in thin
SOI techneology comprises at least a half-bridge

configuration, which involves two power devices operating



a horizontal or lateral orientation and the potential distribution in the
drift layer is far fromideal. 30 Moreover, when a power integrated,circuit
made in thin SOT technol ogy conprises at |east a half-bridge o
configuration, which involves two power devices operating WO 02/ 25700

PCT/ GB01104%2P¥2¥% n di fferent nodes, the device operati n§CTEBIKS2H gh si de
node may suffer frompinch-off of the drift region during the on-state.
This is due to the high electric field i the drift region caused by the
hi gh negative potential 5 created in the “Senm conductor substrate with

respect to the ential of one of the main termnal s Qf the_ high-side
dev!oce. It % ﬁggg?ﬁ?lﬁta'BB%‘?%mtl}e’néitevﬁﬁS Iﬁ%ﬁ?%%’rﬂﬁl?t%rt%el lgﬁblg ﬁl%tla in the

SDI t echnol ogdeSmAQ! sPBSEL VErdw FildcHOREFabE Ophandiese itk dilcn BhesRGCE
results in a poor distribution of the potential |ines during the Voltage

bl ocki ng mod&ReWRRCAEARS - catides pefitute bhe Bk eihiia Fiedd ihe surface
of the sem C%@ua&%togg%oﬁ%@ﬁd o itReOXigR/ Ao SR Gyidaeligy interface

due to vertical break approach 3Suffers from very poor

i sol ation %ﬁKﬁﬁﬁt@ﬁeipoﬁbﬁ-$¢Wi@pﬂﬁuﬂ§0§iEGDStr%ﬁﬁiwiﬁh esggicdorn Yott age,

al t hough gen I Dk gher [ S | £eS. ¢ | tid ) | r than

woul d be pre gr%Feg.lQEOBEo?ﬁ%?chr%}%% avi cggglqgl)r{éﬁ%b?fl da}:eisrﬂcl | tssgﬁged i n high
vol tage or passricel.ectronics, it is preferred that the main term nals have
a vertical orientation and are placed at opposite sides of the wafer (e.g.

with the low voltage 25 termnal at the top and the high voltage term nal at

t he - It is therefore apparent that the semiconductor

10 substrate in the SOI technology is not passive in all
operation modes and its presence results in a poor
distribution of the potential lines during the voltage
blocking mode, which may cause premature breakdown commonly
at the surface of the semiconductor or at the buried

15 oxide/top semiconductor interface due to vertical
breakdown. The JI approach suffers from very poor
isclation within the power integrated circuit and the
breakdown voltage, although generally higher than in the
S0T devices, is still lower than would be preferred.

20

For discrete devices or hybrid circuits used in high

voltage or power electronics, it is preferred that the main
terminals have a vertical orientation and are placed at
ocpposite sides of the wafer (e.g. with the low wvoltage

25 terminal at the top and the high voltage terminal at the
bottom) . These devices are referred to as vertical high
voltage/power devices. Compared to lateral devices, the
current flow between the main terminals is principally
vertical and this results in a larger current capability

30 and a higher breakdown voltage. Such devices are however
difficult to use in integrated c¢ircuits. Example of known
high voltage/power devices are DMOS & Trench MOSFETs, DMOS
& Trench IGBTs and Cool MOS.



botton). These devices are referred to as vertical high voltage/ power
devices. Conpared 'to |lateral devices, the current flow between the main-
terminals is principally vertical and this results in a larger current
capability 30 and a hi gher breakdown voltage. Such devices are however
difficult t¥WO#¥aPh integrated circuits. Exanple of knownPCHIGH/04211
vol t age/ power devices are DMOS & Trench MOSFETs, DMOS & Trench | GBTs and
Cool MOS. WO 02/25700 -7 PCT/GB01104211_For an optim sed trade-off between
on-state/ sw tching/breakdown performance, the vertical devices require a
narrow drift region that is preferably fully 5 depleted at full voltage

bl ocki ng. Such a ] aver may.have.a_ _thic s fromémto 180~Lm for devices
rated from50 V tl‘loo £ oﬁ%.mggﬁﬁoﬁ@glﬁfgﬁi’leﬁ“eﬁﬁyg?_ﬁ% Son a hi ghly doped
senm conduct ogwitdiRinpireakdowncpee Doeaioy, shlksveatécabode@vired ntroduces a
series of negatiyve effects onF_gEg %0 eneral perforpgance, of the device.

First, it inffUthied F255"as %%f%"c ¢, LinPEREREARILY t 5 ¥er eased

on-state spPoues] dQASE et ﬁﬁqqowwa?é%lcm)ﬁqigar dQ¥hCES1iEN @liPdfivd B ection
such as | GBTs, since the doping of the substrate is high, to reduce the
power | ossesthiriness dsin Spe £6 regustfancdeviikesi npeed | Dwo radmvt he

substrate whjc ts. as he anode.(emtter) ,of the device i i most cases
too. st rongi,"i]elg‘:fj'i P 'Ygﬁ%far gﬁ%f%n A %lc}ﬁ’isnfjnl 85@%%?1&03%3% turn- of f
due to the astmi@hdisnsy sabsphkasan sTigs etnitdndactbbhesabsttatieegi on duri ng

on-state. Thjrdly, the supstrate 20,introduces a thermal resistance which
prevents ef f BeY$ intsqdrseson 8erheaitod regitdYeePREeChs B dilifced at the

bot t om ofy ot hgeflOVAC hefiditlante bk VBEtdSalcedevirgestrar ect Pntroduces a
parasitic resistance, which leads to increased on-state
power losses. Secondly, for bipeclar devices with anode
injection such as IGBTs, since the doping of the substrate
is high, to reduce the power losses in the substrate

15 resistance, the injection from the substrate which acts as
the anode (emitter) of the device is in most cases too.
strong, leading to high transient switching losses and slow
turn-off due to the a large amount of plasma stored inside
the drift region during on-state. Thirdly, the substrate

20 1introduces a thermal resistance which prevents effective
disgsipation of heat tec an external sink placed at the
bottom of the device. Finally, if vertical devices are to
be used in integrated circuits, the presence of the thick
semiconductor substrate makes lsclation between adjacent

25 devices very difficult.

There have been numerous prior proposals for
increasing the breakdown voltage of semiconductor devices,
| particularly power semiconductor devices. Examples are
30 disclosed in US-A-5241210, US-A-5373183, US-A-5378920,
US-A-5430316, US-A-5434444, US-A-5463243, US-A-5468982,
US-A-5631491, US-A-6040617, and US-A-6069396. However,

none of these prior art proposals has tackled the problem



be used in integrated circuits, the presence of the thick sem conductor
substrate nmakes isol ation between adjacent 25 devices very difficult. ‘Fhere
have been nunerous prior proposals for increasing the breakdown voltagé of
sem conductor devices, particularly power sem conductor devices. Exanples
are 30 di scWe92@7Ph US- A- 5241210, US- A-5373183, US- A- 5378%LT/GBIUBA 5430316,
US- A- 5434444, US- A-5463243, US- A-5468982, US-A-5631491, US-A-6040617, and
US- A- 6069396. However, none of these p[ggr art proposals has tackled the
probl em WO 02/ 25700 PCT/ GB01/ 04211 -8 of "increasing the breakdown vol tage by

a detailed cpnsjderat. of the_electrli otential .Iln Ln the drift
region, 5 in°€[iéé¥%%§iﬁ§8§%etthgﬁ?g di%égdéﬁgdgg %aggéﬁﬁg?%g sem conduct or
devi ce. A gaseseiddddtien afetheselectrit: auefentdaVOBERds hbat e WHigt i s used
to heat the gas;sensitive layer. The substrate on which the device is
formed is batk*Fched to forma thin menbrane in 'the sensing area. 10 It
shoul d be noted that the MOSFET heater is a | ow voltage device (and as such
does not have a drift re%ion) and, furthermore, the thin nenbrane is forned
bel ow t he SMOSFET Ith&it-& 28413809 % ot hare |45 stiechegerng BRsStP0EIEi ng area to

he devi ce. T AT s osch Breihod Ang aaparatieriad Bsting a |
sem conduct of MRSFER heatierg whieht dst uerd divd heasbbbgi ggs phemest i i ng
copper . a hestY S ug B kbrtelf efianR o THCEEA0R 1pCRRd BB SUPT T, g
to the devibagkAettlebre Heam sl thinsnehlsdmesdd adepseheingedrda.
10 It should be noted that the MOSFET heater is a low voltage

device (and as such does nct have a drift region} and,

furthermore, the thin membrane is formed below the MOSFET

heater solely to facilitate heating of the sensing area to

very high temperatures and not to affect the field or

15 potential lines in the device.

US-A~5895972 discloses a method and apparatus for
cooling a semiconductor device during the testing and
debugging phases during development of a device. 1In place

20 of conventional heat slugs such as copper, a heat slug of
material that is transparent to infra red is fixed to the
device. A diamond heat slug is disclosed as preferred, It
is disclosed that the substrate on which the device is
formed can be thinned prior to applying the infra red

25 tramnsparent heat slug to the device. The purpose of this
thinning of the substrate is to reduce transmission losses
that occur during optical testing and debugging of the
device using infra red beams. There is no discussion of
the type of semiconductor device tc which the heat slug is

30 applied and there is no disclosure that the device is a
power device having a drift region. Moreover, as stated,
the purpose of the thinning of the substrate and
application of the heat slug is solely to facilitate



is disclosed that the substrate on which the device is formed can be
thinned prior to applying the infra red 25 transparent heat slug to the
device. The purpose of this thinning of the substrate is to reduce. . : ...
transm ssion | osses that occur during optical testing and debuggi ng of the
devi ce usi nWOWRFA0red beans. There is no discussion of tHEE/GBHpE4I20f

sem conduct or device to which the heat slug is 30 applied and there is no

di sclosure that the device is a power device having a drift region.
Moreover, as stated, the purpose of thée®rhinning of the substrate and
application of the heat slug is solely to facilitate WO 02/ 25700,

PCT/ GBOI / 042t¢sting af  Hhe dfetine ¢odnsecnticrl dRatdas 8ast Aggudaimdlebuggi ng.

Thi's processhssChrodesh o dhiiing deyehppimiladeidiepdeyiceneThe heat 'siug

is not used during norrmal operation of the device. There have been a
nunber of prépvtats iThe Heegdr idngards npbrusedi uride normddy ppesatbdch make
use of a so-¢al gﬁ% %{;%%%ane. Exanpl es i ncl ude US-A-5420458, WO A-94/ 22167,
US- A- 3689992 "an Sd - 8126. In the case of each of 10 these prior art
proposal s,5 t he sem conductor device is not a power device and thus does not

have a drift regiQn.. each case, the_ nepbrane arrangepent is used to
provi de for isol'glf?ré%r}b‘.’é‘f 5P EnPEBREG P orP AR ilgl kA9 RE&GF 3%

circuit or begbweesmieghONStoy tdivicasS@iiennaalicd Alsedd @e sb5canlé@r to renove
or | ower coupling parasitic caﬁa,citances. in each case, '2ce t hese are | ow

vol tage devi BEEPTRRR- pf J\Fﬁlf-’gﬁeu?énﬁﬁ%aﬁq'y“?ﬁéﬂ%lé £845bhy the
menbrane st GHCRUE£5 9982 AGEPH 110 6lo@sa2E1 I Sin asRedas¥ deheaphesent
|nvent|cn20 these prior arﬁ proposals, the semiconductor device is not
a power device and thus does not have a drift region. In
each case, the membrane arrangement is used te¢ provide for
isolation between semiconductor devices in an integrated
circuit or between regions within a semiconductor device
15 and/or to remove or lower coupling parasitic capacitances.
In each case, since these are low voltage devices, the

breakdown voltage is wvirtually unaffected by the membrane

structure.

20 According to a first aspect of the present invention,
there is provided a power semiconductor device having an
active region that includes a drift region, at least a
portion of the drift region being provided in a membrane
having opposed top and bottom surfaces, the top surface of

25 the membrane having electrical terminals connected directly
or indirectly thereto to allow a voltage to be applied
laterally across the drift region, the bottom surface of
the membrane not having a semiconductor substrate
positioned adjacent thereto.

30 |

According to a second aspect of the present invention,
there is provided a power semiconductor device having an

active region that includes a drift region provided in a



there is provided a power sem conductor device having an active region that
includes a drift region, at least a portion of the drift region being::
provided in a nenbrane having opposed-tjgp and bottom surfaces, the top
surface of 25 the nenbrane having electrical term nals connected directly

or indirectly thereto to allow a voltage to be applied laterally across the
drift region, tRaveatt diesdeafyace befing lprovediedame rotsarEvdiarglect=eni conduct or
substrate s%%§kti%ged %dhac%gt ther%%gi 3% % cordin t%ia second aspect of
the presenf PAVERTT6n2" tHEre s Bifovicded a HSWSr "sER CdUEt or devi ce

havi ng an sadkicratieegicddw Bat lidaitudepcardionf b fr egicoryirfavirdedidm a - 10

| ayer, the_ |ayer being provided on a sem conductor substrate, at |east a
porti on of PEABIs ERTETRAUEHST tads 5t a5ellowsat 3 @85t @& it of t he

drift regi gy ¢hei remvyed,. sughy t, sl dt-Jease A RY t.on the drift
region is p?&vi dg%%ilr? a rre%br ane efﬂd(;?i n%d y tr?:?t% %peortl on H&? t et | ayer bel ow
whi ch t he pertcondwdt ahe dulystr dted chasHiedn themzeed,cdrtidtap: surface of the

menbrane haying electrical terminals connected directly or indirectly
thereto to® Is&%aéev aGE o TEECHFH i &€ FaPeSHT C&cf?/(fsézq%é“ed‘iqxﬂneregi on.

Accordi ng t@+vankhiendcasnesh eferfigNesenhdwentdierctihhene is provided a
MOS- control | abl e power sem conductor device for use in an integrated

circuit, thaddégictdvhalieagtoancactlilve pediodh adifatta mel Giasli®@drift region
at | east alagggggg?/t Qf..the diiftyrieqi g Reing provided in a nenbrane having

opposed top an ottom surfaces, at 1east ore electrical term nal connected

directly or indirectly to the top surface and at |east one electrical

term nal connected , _ ' ‘

According to a third aspect of the present invention,

there is provided a MOS-controllable power semiconductor
device for use in an integrated circuit, the device having
an active region that includes a drift region, at least a
portion of the drift region being provided in a membrane
having opposed top and bottom surfaces, at least one
electrical terminal connected directly or indirectly to the
top surface and at least one electrical terminal connected
directly or indirectly to the bottom surface to allow a
voltage to be applied vertically across the drift region,

the bottem surface of the membrane not having a

semiconductor substrate positioned adjacent thereto.

According to a fourth aspect of the present invention,
there is provided a MOS-controllable power semiconductor
device for use in an integrated circuit, the device having
an active region that includes a drift region provided in a
layer, the layer being provided on a semiconductor
subgstrate, at least a portion of the semiconductor
substrate below at least a portion of the drift region
being removed such that said at least a portion of the
drift region is provided in a membrane defined by that
portion of the layer below which the semiconductor

substrate has been removed, and at least one electrical



directly or indirectly to the bottomsurface to allow a

voltage to be

applied vertically across the drift region, the bottom surface of the--

menbrane not having a

sem conduct or substrate positioned adjacent thereto.

According to a fourth aspect of the present invention, there is provided a

MOS- cont r ol WaI@57Bbwer seni conduct or

circuit

device for use in af®CritEdyPaikd

, the device having an active region that includes a drift region
provided in a layer, the |layer being Q&gxided on a sem conduct or

substrat e,

connect ed di FEERFLY0PY

at | east a portion of the sericonductor substrate bel ow at | east
a portion of tgﬁidrift re

Q bei ng,remved.suc hat id at least a
portion of t he cﬂa}JT 9 |§|$rél glﬁ?sg%%eoor ilﬁ%&rﬁggﬁ%aﬁg %@ i HE by t hat
portion of therfayeradielaawlshistchohbeebertiiendueeeminalbsbiinéecdtis been

renoved, and,at | east OH& el ecttri cal %\Algeqm 25700 PCT/ GBO1/ 04211 term nal
t

el ectri

cal

tes

JRFEcld vt bt Lomy, FREERCANEC a1 1WA one

i el icd vestivaly iaRdos8Cthy &pitberdoidom surface

to allowa voltage to be applied vertically across the drift Tegion. 5 The

said at | @ast a portion of the drift region is

depl eted of nobi |, LhAIGL atCALRLET § YOG 3 Eﬁgemf@ppé% agJ 0ss

termnals of the device, In the first and secon

aspect’s

fully or substantially fully

the present 10

i nvention, tfAellotentswistantdalily ally adepledsd afpopbide cldrgee drift

t he nmenbrane an

region are subsEA] il RepaRdLeular i e acbagand hols o suihaces of

ially r Sprea tera across sai

| east a portdenicef the tird fAinseégrod. sddnmsl iaspeats bfatbket prasdiitgher

br eakdo
third a

nd %

15

20

25

30
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of the drift region are substantially perpendicular to the
top and bottom surfaces of the membrane and substantially
uniformly spread laterally across sald at least a portion
of the drift region. This 1s turn leads to a higher
breakdown voltage which may approach the ideal or
theoretical limit. 1In the third and fourth aspects, the
potential lines in said at least a portion of the drift
region are substantially parallel to the top and bottom
surfaces of the membrane and substantially uniformly spaced
vertically across said at least a portion of the drift

region.

Thug, in the preferred embodiments, the absence of the
semiconductor substrate under at least a portion of the
depletion region in lateral devices leads to enhanced
breakdown ability due to a more favourable electric field
and potential distribution within the drift region of the
power device. For vertical devices, the absence of the
semiconductor substrate allows the formation of a thin
drift region and removes parasitic effects such as the
parasitic gserieg electrical resistance and substrate

thermal resistance.

d at
15
In the



potential lines in said at |east a portion of the drift region are
substantially parallel to the top and bottom surfaces of the nenbrane and
substantially uniformy spaced 20 vertically across said at |east a portion
of the drift region. Thus, in the preferred enbodi nents, the absence of the
senmi conduct¥P 0¥¢58t r at e under at |east a portion of the 2BCH&BIEE4ZUN regi on
in lateral devices |eads to enhanced breakdown ability due to a nore
favourabl e electric field and potential  distribution within the drift
region of the power device. For vertiG&F'devices, t he absence of the

sem conductor substrate allows the formation of a thin 30 drift region and
renoves parasitic effects such as the parasitic series electrical

resistance and suhsidraid@vilcBer 69pié£BiP lopeeate\W1 08/ 25¢/0D: &4/ icB@he04211 - 12
Power devices typically operate with a voltage in the range 30V to 1.2 kV

and a currenfangf tHY Fende 2188nAnd 2 SExerthdnr LABpFRRSR i BYOMRES ange from
donmesti c appidRNnCefheid Qppalithei6R Ray e ¢2BH Qbme &P i pﬁﬁ;&ﬂb@%h' es to

RF and microwave circuit's and tel ecomuni"cation systens. e
appr eci at 8d ¢¥ratuite aaasns Motep” coprol bandoprwerabeppliesdte BH eowd, and

"lateral" a "]:'Dﬁ 4Gk, 3 4 5@ i LS,S Lfication by
convention an t1&%&%%!%%%%F§u%§ga%%b8|Cadn%g%@%?gt?g%&% é;'the device as a
whole is inplied. The so-called nmenbrane power device of the present 15

i nvention may be of y.different_t including for exanple a diode, a
transistor, a thytis 53@ °g I@%rg%ﬁ%c?let}{ﬁte t%‘?qu'gﬁﬂgucﬁo%s S MOSFET, an
i nsul at ed gatiottuwpol araHovanseatiorbél6kT) ,an® daubkeapat endevi ce, etc.
10 "vertical", are all used in this specification by
convention and that no particular physical orientation of

the device ag a whole iz implied.

The so-called membrane power device of the present

15 invention may be of many different types, including for
example a diode, a transistor, a thyristor, a MOS

controllable device such as a MOSFET, an insulated gate

bipolar transistor (IGBT), a double gate device, etc,

20 In the preferred embodiments discussed further below,
there is provided a high voltage, power device with high
breakdown voltage capacity coupled with excellent isclation

and reduced self-heating.

25 The arrangement may be such that only part of the

drift region is provided in the membrane.

In the first and second aspects, where only a part of
the drift region is provided in the membrane, preferably
30 the high voltage terminal end of the drift regiom is
contained within the membrane; the remainder of the drift
region, including the low wveltage terminal end, may remain

outside the membrane.



20 in the preferred enbodi ments di scussed further below, there is provided
a high voltage, power device with high breakdown voltage capacity .coupl ed
with excellent isolation and reduced self-heating. 25 The arrangenent nay
be such that only part of the drift region is provided in the nmenbrane. In
the first 3MA'%EWnd aspects, where only a part of the dPYFEBMEYEEn is
provided in the nenbrane, preferably 30 the high voltage term nal end of the
drift region is contained within the ngmhrane; the remainder of the drift
region, including the I ow voltage term nal end, may remain outside the
menbrane. WO 02/ 25700 PCT/ GB01/04211 -13 in the third and fourth aspects,
the device edge term nation nay be provided outside the nmenbrane while the
active regi on whikh thelthdad padt forrtheaasneadts,r sfeodevics edawi ded within

t he menbrane, _J]n. any: t : ; i f Lon b rovi ded
in the menbr %%re&lr%tlﬁ P‘ga sfb eogg.o%g%cgt%tnéﬁrb%ygﬁlené;?&gg?ﬁ%u@]ﬁghﬁ?i ft
regi on. The attieasteqinm iwvidlcht innlhdgerparmy die theodrdet rédicaiids menbrane

or in a separate, r, tg.extend from the top surface of the nenbrane to
t he botto%1sﬁ??%&ég§§%fg gﬁﬁbpﬁ Tafe: At |east one isolation |ayer nay
surround the drift region and be provided outside the nenbrane. The or at

| east one isol atipp drq,y&isp&st,behﬁrﬁMbﬂ@CbﬂD)theZ@rQE@Ckébﬁaﬂr]s{alit;rl:%ﬂ ating
material. The or, at_|east one isolation |ayer may be provided by a highly

doped seni cBReNAd®F Itydie WSPEKaPR- use is biased to provide a

10 At least one isolation layer may surround the drift
" regilon. The at least one isolation layer may be provided
in said membrane or in a separate membrane to extend from
the top surface of the membrane t¢ the bottom surface of
the membrane,
15
At least one isolation layer wmay surround the drift

region and be provided outside the membrane.

The or at least one isclation layer may be provided by
20 electrically insulating material. The or at least one
isclation layer may be provided by a highly doped
semiconductor layer which in use is biased to provide a
junction that is reverse-biased or biased below the
forward-bias level.
25 '

There may be provided at least one additional power
device having a drift region at least a portion of which is
provided on said mewmbrane or on a separate membrane. The
separate membrane is preferably formed over the same

30 original substrate and preferably in the same fabrication
step with the or each other membrane provided in the

device,



junction that is reverse-biased or biased below the forward-bias |evel. 25
There may be provided at | east one additional power device having a drift
region at least a portion of which is provided on said nenbrane or on a
separate nmenbrane. The separate nenbrane is preferably fornmed over the sane
30 origi nalWedE3Y Pt e and preferably in the same fabricat PEWGB8@RIMith t he
or each other nenbrane provided in the device. WO 02/25700 PCT/ GBO /04211
-14 There may be provi ded at | east one -1aw voltage device. Said at |east
one | ow vol tage device nay be provided in said nenbrane. Alternatively,
said at | east onarHeaw magl bagprdeided dmy castponyi Dew wultsigle deaiidenenbr ane,

in 5 that case,  said at | east_one |ow voltage device may be rovided in a
further nenb?%,atsgie&SFuPPﬁePY’reW%ﬁ%e 9@?’8{53 ‘H?gf%?a?f??/v’fdc?rdﬁéﬂ over the

same ori gi nasa fdhEiabaecandaipeehst ol iy Wshldnat heesg@Eod&lrdweat i on step
with the other. nenbranes provided in the device. In_either case, this 10
arrangenent YRHAIfeSeYiSo\BRY| Rt cpFatictedoptgite satd| BRbxARe-agéidevi ce or

devi ces may bgad UadeXamRlie arbhegb@rofd 1VB16h56UAbvi Gy QU VOl tage
power devices may form driving, protection or processing circuits. In the

preferred enboevidad dndias fussberbeemhrance spdfbfanehppveminmngebiedsg ar e

wel |l isolate i_cal l.y I g S vQql tage devi ces.
The verti cal &%%%%bﬁ%ﬁo@egcﬁﬁgge%%’ a\?r*er t%lfégt%gg} héel&g%éslg#cee%g?a t he
parasitic sphsfembd yberdehtih the sate imbrdgatnonf stée wnvlertidewither Lateral

i sol ati on can _he achi eved .as .bri efl escri bed 20, above by o or nore
i sol ati on Ia@%‘&%raﬁ}ec?\/ipd:é’afl e é?a'f)?‘%// 6L PO9n 01 BROY e P Mhed

10 arrangement provides a power integrated circuit. The low
voltage device or devices may be for example a bipelar or
CMOS circuit. Such low voltage power devices may form
driving, protection or processing circuits. In the
preferred embodiments discussed below, the membrane power

15 devices are well isolated both vertically and laterally
from such low voltage devices. The vertical isolation is
achleved by virtue of the absence of the parasitic
substrate beneath the active region of the power device.
Lateral isolation can be achieved as briefly described

20 above by one or more isolation layers provided preferably

. in a membrane from the top to the bottom surface of the

membrane or outside the membrane.

There may be at least one isolation layer providing
25 electrical isolation bhetween adjacent devices. The said
isolation layer may be placed on a further membrane, said
further membrane preferably being formed over the same
original substrate and preferably within the same
fabrication step with the or each other membrane provided

30 in the device.



in a nenbrane fromthe top to the bottom surface of the nenbrane or outside
t he menbrane. There may be at | east one isolation |ayer providing 25

el ectrical isolation between adjacent devices. The said isolation |ayer may
be placed on a further nenbrane, said further nmenbrane preferably being
formed over the sanme original substrate and preferably within the sanme
fabrication step with the or each ot her 18erbrane provided 30 in the device.
- 15 In the first and second aspect of the present invention, the device
may conprise an electrically insulating and thermally conductive | ayer
adjacent to the 5 bottom surface of the nenbrane. The electrically

i nsul ating and tRerds 15 EonARY SR éshes tusdd e RIgF e enove a | ar ge

part of the feal jthat (HOMHe alher f%oq&;ritgea%gg%&gé@i%ém menbrane when

the power device is operating. Theé |ayer may any sultable materi al
such 10 as ifneulesdamy erpbltyenystldiy iqvendiicaniord, 1 camor @blescatianond;he bor on

nitride, alumnium oxi de, . The material J.s ref erably formed by bl anket
deposi ti5o_n PRLTLM S Ay o% eeﬂwrﬁpecherﬁhﬁalﬁ\?%ﬁcwsi tion or any
other sui tjakha st-8¢lNisGee t hE1Rud 1aYe e IR c@Nkid laydr lils thdpagedhy under

the menbrane or may be provided as a thin |layer under the nenbrane and
whi ch f ol | gRsVise asilgedmalas tarif the hsettt dMmadurfiste oft sy rerdishi ng

substrate. I o ref j t. Wit . heat sink. 20
In the thi rtyégjr?(?@/g’trjlrtthﬁnagélgecﬁseﬁ%aedegg{}{%{m@gr %%r%}aeiaic drre\g/l{éeale%]ect rically
and t her maldpgreendidct | e The dromagmbe erfmang! gty e arade-afif mrial or a

conbi nation of netals _such_as alum._nium copper_etc. The bottomterm nal
my fild e (gFacETRdEr R SRirdneng fi@maetedmsgphous diamond,

boron nitride, aluminium oxide, etc. The material is
preferably formed by blanket deposition as a layer by
sputtering or chemical wvapour deposition or any other
suitable technique. The layer may entirely fill the space
15 under the membrane or may be provided as a thin layer under
the membrane and which follows the side walls and the
bottom surface of any remaining substrate. The layer is

preferably in thermal contact with a heat sink.

20 In the third and fourth aspects, the bottom terminal
may be electrically and thermally conductive. The bottom
terminal may be made of a metal or a combination of metals
such as aluminium, copper etc. The bottom terminal may
£fi11 the space under the membrane. In a preferred

25 embodiment, the bottom terminal is provided as a thin layer
under the membrane that follows down side walls cof any
remaining substrate and under the main bottom surface of
the device. This layer 1is preferably in thermal contact
with an external heat sink. Alternatively, more than one

30 bottom terminal, in the form of thin layers isolated from
one ancther, can be placed at the bottom of one or separate

membranes.



25 enbodi nent, the bottomtermnal is provided as a thin layer under the
menbrane that follows down side walls of any remaining substrate and under
the main bottom surface of the device. This layer is preferably in thermal
contact wth an external heat sink. Alternatively, nore than one 30 bottom
termnal, iWO'%&Pdrmof thin layers isolated from one aR6TfE010EEN be

pl aced at the bottom of one or separate nenbranes. WO 02/25700

PCT/ GB01/ 04211 -16 The nmenbrane may comag-se a sem conductor |ayer provided
on an electrically insulating layer. The electrically insulating |ayer may

be an oxi de | ayerrias memrmd mayf abmﬁi(z?é@be demdwondGbtbechapdogy. Were 5
substrate is etggfd away to_formthe nepbrane, such an oxide |ayer

conveni ent | yPEEY %ﬂ;Q%wﬁﬁ(ﬁ4e§FSbcaﬁhYC¥P5¥%§§P§Es1PKthe FR% mation of the

menbr ane. '”ei@@tflfba{l(iya'l%suﬁ@&&hg 2SPEL nfay 1Al Snl B¥€Aei Say&Fmyed to provide
access for the termnal layer to be provided at the bottom 10 in the first

and second abpERed, in Horieragelralnoronifl decknedemdni cliPeyestrong and
el ectricalkl ygq 'Eﬁ%ﬁéﬁér#k Jrvel ?ﬁgg P@dﬂﬂﬂp%%etﬁﬁmﬁ§gﬂéan§u %‘ mechani cal | y
I'n

strong and ectrlcal y I nsula ayer provides structur support to
t he menbr anecabde dlayerctanveaientilyi sets v ramsIethf shepbrenkéchupture. I n any

aspect, the difl.Jegl QL IaveoR DAl dQiDaadoni b PROTLLE., This hel ps

to ensure tha € pote rnes i nthe region are tially
uniformy spoesich acrpess o, hehdsi ﬁayeegismemﬁveﬁ n:s: pmnmﬁeaai&:és:s Zorhi gher

br eakdown VOH“? e?%ﬁlngﬁ ﬁ%’ dpr-P ghplt:g\%dedde al, %ﬁe }3 gcr)&altlcal l[imt. The

dopi ng conce

In the first and second aspects, the device may
comprise a mechanically strong and electrically insulating
layer provided under the membrane. The mechanically strong
and electrically insulating layer provides structural

15 support to the membrane and also acts to minimise the risk

of membrane rupture.

In any aspect, the drift region may have a non-uniform

doping profile. This helps to ensure that the potential

20 lines in the drift region are substantially uniformly
spread across the drift region. This is turn leads to a
higher breakdown voltage which may approach the ideal or
theoretical limit. The doping concentration of the drift
region at a high voltage terminal side of the device is

25 preferably relatively high and the doping concentration of
the drift region at a low voltage terminal side of the
device is preferably relatively low. The doping
concentration of the drift region may vary linearly from
one side of the drift region to the other. Thisg serves to

30 improve further the breakdown capability of the device.



region at a high voltage termnal side of the device is 25 preferably
relatively high and the doping concentration of the drift region at a |ow
voltage termnal side of the device is preferably relatively low. The
doping concentration of the drift region may vary linearly from one side
of the drifWOo%@@T8h to the other. This serves to 30 i nproPETGRO/PRL t he
breakdown capability of the device. WO 02/ 25700 PCT/ GB01/ 04211 -17 In the
first and second aspects, the drift region may conprise at |east two

sem conductor |ayers of alternating conductivity type arranged one above

the other and in £ONLACt: Midh 2ACHc0LARTaoldbdise enbBEe L Wbl o B, 5

ﬁ%nf fag

sem conductor |ayers o élternatlng condﬁ IVity type provide

seni conduct orofpmictd At ileasty dwoi genidondudttioon layerh ohasltéenakifg regi on
can be fully

. i L ge Ler % is applied
across terni%%ﬁ%ﬁégﬁvaéZaégﬁ% 8%?3$H?% %@%ﬁ%&#§]§§%?§ggﬁgu$%5t at the 10
potential |ioestact sdigh atadheashea. pordiwee ofthelse dwof br megeon are
substanti al | erpendicular to the t and , bottom surfaces_of the nmenbrane
and subst ant PETTSPRAGIGTm Yy 85T B GTEIAN inP SOPOUELXTEY ot ¥ ast a porti on
of the drifpréeion sEMicdniucdbr §eadsido ia Al geetibaraddeyx i vol t age
whi ch may approach the .ideal or theoretical limt. In_any asgect,lthe drift

regi on may cBWPRildRta thy bt Fegtoratar M9 FUddivadeRi et i ebfRRES® regi ons

of al ternatkngrsOndiiotidtd YHatPe, vdesse | & eipphlivqadk-acent &Bnagliconduct or
regions of alternating conductivity type form plural transverse junctions
in the "z" dPfekle dtewice he Thisvraainwhe s dfaic@sHEEpShEb BRSure that the

potentialyo | b8ESt fa A thell {33 a3aPOILION LR A LE! chEUL e @
substantially uniformy spread across said at | east a
region are substantially perpendicular to the top and
bottom surfaces of the membrane and substantially uniformly
spread laterally across said at least a portion of the
drift region. This is turn leads to a higher breakdown

15 voltage which may approach the ideal or theoretical limit.

In any aspect, the drift region may comprise a
plurality of laterally adjacent semiconductor regions of
alternating conductivity type. These laterally adjacent

20 semiconductor regions of alternating conductivity type form
plural transverse junctions in the "z" direction of the
device, which again helps to ensure that the potential
lines in saild at least a portion of the drift region are
substantially uniformly spread across said at least a

25 portion of the drift region. This is turn leads to a
higher breakdown voltage which may approach the ideal or

theoretical limit.

In any aspect, the drift region may comprise a
30 plurality of laterally adjacent semiconductor cells of
alternating conductivity type arrayed around the plane of
the device. The cells may be arranged in a regular or an

irregular pattern. BEither arrangement again helps to



25 portion of the drift region. This is turn leads to a higher breakdown
vol tage which may approach the ideal or theoretical limt. |In any :aspect,
the drift region may conprise a 30 plurality of laterally adjacent

sem conductor cells of alternating conductivity type arrayed around the

pl ane of the device. The cells may be arranged in a regular or an
irregular pattern. Either arrangenent -aged n- hel ps to - 18 ensure that the
potential lines in said at |east a portion of the drift region are

subst anti al éysuie feat yeisorgagenacs Dssinas dintsheasic alpasti anpottribe drift
region. This in turn leads to a higher breakdown voltage which nmay 5

appr oach tH@ENH@%Id%%f¥h%%ﬁé@?c%?el?H?%taq%baﬁ%ﬂl%%1ﬁ%§méﬁnﬁPF§@da

termi nation,seglon aghacenicale anfolpiGONACa &by phe bt 1 eghen. said
term nation region being provided to re uce t fect o premature 10

br eakdown ainth&redgm@é tnbleadlnlq;]nerelgi"@ankdmnl*ecakta@e pbithomapf the said
terninat on re ced inside nbrane. At |east a portion of
the said te?%ﬁ %ﬁ$%nag?ebﬁ%%fdﬁ§ %%e%¥%5%%a§ufﬁ He' t he menbrane and above
any semiconductor substrate. The drift region may be more 15 highly doped
than at |east a portion of the termnation region. The drift region may be
more highly dopethe Iéevide M@gntemprlet or SebBiRatecn Avestdnngdiacentifth
aspect of the present livention., 20 LRere s provided;a method.ofoform ng
| ateral power Sefmcon or device having an active rTegion Th rcludes a
drift regi ofegide peimpdoeconpiedi Hg fé\@u@é epise od £ fedorof ngrehatarkayer

provi ded on a sem conductor substrate, power sem conductor device having
an acti¥@ regrdewatabsthifctddesch H}F‘?f@r%%’gl’é?ﬂl%d Penb97AG At |east a
portion

Q

portion of the said termination region may be placed inside
the membrane. At least a portion of the said termination
region may be placed outside the membrane and above any
semiconductor substrate. The drift region may be more

15 highly doped than at least a portion of the termination
region. The drift region may be more highly doped than the

semiconductor substrate.

Accoxrding to a fifth aspect of the present invention,

20 there is provided a method of forming a lateral power
semiconductor device having an active region that includes
a drift region, the method comprising the steps of:
forming, in a layer provided on a semiconductor substrate,
a power semiconductor device having an active region that

25 1includes a drift region; and, removing at least a portion
of the semiconductor substrate below at least a portion of
the drift region such that said at least a portion of the
drift region is provided in a membrane defined by that
portion of the layer below which the semiconductor

30 substrate has been removed; and, providing electrical
contacts on only one surface of the power semiconductor

device.



of the sem conductor substrate below at |east a portion of the drift region
such that said at least a portion of the drift regionis provided in a
menbrane defined by that portion of the [ayer bel ow which the sem conduct or
30 substrate has been renoved; and, providing electrical contacts on only
one surface of the power sem conductor device. - 19 It is preferred that
the substrate be renoved as the |ast-oroone of the last steps in the device
fabrication process. In that way, the substrate provides support for the

device for as |ongiasppessibke gduatnghthgubabrheat benrehopedacassthsai d at
| east a portion of the sem conductor substrate _nmay be renmpved by wet
etching. 102%aj ar aPfedbt tAepoRrErofit 8PSt he SBRi EeKatet SpPsipatiafe may be

renoved by chi ng. .d I t Lqn : semn u r
substrate pﬁ%%e%%'reggvggghsrﬁg'aggér?eaB?%§E?a??%gaﬁgﬁegﬁggggg g%gh 15
stop. The bheiéevieyefonaysbeopgrisopoasShlecdurdng thesufaberlcaBObh
structure. The nethod nmay conprise the step of applying an 20 electrically
i nsul at Png®ERTeERer mal |y conductive |ayer adjacent the bottom surface of the
menbrane. The electrically insulating and thermally conductive | ayer may

be applied by a (preferably blanket) deposition process. 25 30 - 20

Al ternatively theldetholeadly eopprisent ié shepsenicapghginy snbeksateically

and thern?%%ybgg?gﬁﬁgbgg E?yﬁét &@Eﬁ@nggts as an el ectrode (term nal)

adj acent

10 Said at least a portion of the semiconductor substrate

may be removed by dry etching.

Said at least a portion cof the gemiconductor substrate
may be removed using a buried insulating layer as an etch
15 stop. The buried layer may be part of a Silicon-on-

Insulator (80I) structure.

The method may comprise the step of applying an
20 electrically insulating and thermally conductive layer
adjacent the bottom surface of the membrane. The
electrically insulating and thermally conductive layer may

be applied by a (preferably blanket)} deposition process.

25

30



surface of the nenbrane. Said | ayer nmay be applied by a 5 bl anket
deposition. According to a sixth aspect of the present invention,. there is
provided a nethod of formng a MOS-control |l able power sem conductor device
for use in an integrated 10 circuit, the device having an active region that
includes a drift region, the nethod conprising the steps of: formng, in a
| ayer provided on a sem conductor substzate, a power sem conductor device
having an active region that includes a drift region; renoving at |east a

portion of the AbrseAheondust OheSHBshhat RaPekopat sbeapk acpprbiron of the
drift region such that said at | east a portion of the drift region is

provi ded i aPRlyitndranecdectnedabyyt pad pbermahlyf confectayer 1bgkEasw whi ch the
sem conduct Qr _su ra as . .an n tin t.l t one

ol ect 1 cal VELT BarS2bS oSt ry L EnaL Pl o o ERBCEBY SHPr K5 AN at

| east one setrestei 68l chermemdlader ecEhydol aiyadi negt by keplhedbdyt am surface
to allow a voltage to be applied vertically across the drift region. 25

Sai d at5le%%?nﬁego@?P8ﬁ16¥°Phe seni conduct or substrate nmay be renoved by
wet etching. Said at |east a portion of the sem conductor substrate may be
removed by dry etching. 30 Said at |east a portion of the sem conductor
substrate nay becoedbugdtasangiatbuabepdctnstl abengreaget asvanteboh - 20

St uct ur or ERCET ebSt PEE BE BoRBGBCAr SFagaF™iey BelPR( POBCEI By 5
i npl ant at i gBwedi £&MSEORGQELEePasE EanEbronsEhenbagkiatdgratedt he device
followng the formati on of the nenbrane.

10 circuit, the device having an active region that includes a
drift region, the method comprising the steps of: forming,
in a layer provided on a semiconductor substrate, a power
semiconductor device having an active region that includes
a drift region; removing at least a portion of the

15 semiconductor substrate below at least a portion of the
drift region such that said at least a portion of the drift
region 1s provided in a membrane defined by that portion of
the layer below which the semiconductor substrate has been
removed; and, connecting at leasgt one electrical terminal

20 directly or indirectly to the top surface and at least one
electrical terminal directly or indirectly to the bottom

surface to allow a voltage to be applied vertically across

the drift region.

25 Said at least a portion of the semiconductor substrate

may be removed by wet etching.

Said at least a portion of the semiconductor substrate
may be removed by dry etching.
30
Said at least a portion of the semiconductor substrate

may be removed using a buried insulating layer as an etch



A bottomtermnal |ayer may be applied to the bottom of the nenbrane, said
bottomterm nal |ayer being in 10 contact with at |east one sem conductor

| ayer within the nenbrane. In formation of the devices and in the.nethods
descri bed above, one or nore of bipolar, CMOS, Bi-CMOS, 15 DMOS, SO, trench
technol ogy or known integrated circuit fabrication steps may be enpl oyed.
In the devices and net hods descri bed &§dwe, -the drift region nmay conprise
at | east one of silicon, silicon 20 carbide, dianond, galliumnitride and
gal | i um ar segpde. TNMaerarpeavidedr ahyl paspaonecodf at beliasul-ahi-ng | ayers may
conprise one of silicon_dioxide, nitride, dianond, alum nium oxide,
aluniniun1BF?P?@EOEngSBBFoﬁtﬁPFFPHE: 25 Enbodi nents of the present invention
will now be described by way of exanple with reference to the acconpanying
drawings, in which: 30 Fig. la is a schematic cross-sectional view of a
prior art JlI pbhetediébdene-seoi¢bhdRigor| baysramgghbmatntrodossdseyt i onal

view of _.a prior__art_ SDI r.diode; ;Fig..2a is.a _schenmatic,perspective
vi ew of a ??g?ntggé?%hpgg?o?séoaeefcgeggﬁﬁfaPﬂng8mtEgepbgggﬁﬁlgnvgﬁtion;
10 15 20 26h80ad0i 82/ BBT700wiAd the formation of the membrane.

A bottom terminal layer may be applied to the bottom
of the membrane, said bottom terminal layer being in
10 contact with at least one semiconductor layer within the

membrane.

In formation of the devices and in the methods
described above, one or more of bipolar, CMOS, Bi-CMOS,
15 DMOS, SOI, trench technelogy or known integrated circuit

fabrication steps may be employed.

In the devices and methods described above, the drift
region may comprise at least one of gilicon, silicon

20 carbide, diamond, gallium nitride and gallium arsenide.

Where provided, at least one of the insulating layers
may comprise cne of silicon dioxide, nitride, diameond,
aluminium oxide, aluminium nitride and boron nitride.

25
Embodiments of the present invention will now be

described by way of example with reference to the

accompanying drawings, in which:

30 Fig. la is a schematic cross-sectional view of a prior

art JI power diode;



PCT/ GBO 1104211 Fig. 2b is a schematic perspective view of a second exanple
of a device according to the present invention; Fig. 3 is a schematic
cross-sectional view of another 5 exanple of a device according;to the :
present invention in which the potential lines are illustrated; and,
Figures 4 to 43 are schematic cross-sectional or perspective views of
further exanpl es of devices according 20®)to the present invention

Referring now to Figures 2a and 2b, first and second exanples of a nenbrane
power sem condugtgr dpvieeal@chagaend agoks -thertppas@ntyieav et izopraaech have
a 15 sem conductor substrate 11 having a bottomsurface 12 that forns the
mai n bot t oAFSUPPACBOYETt HeCHEvi ce 10. A first thin layer 13, which in these
exanpl es conprises a sem conductor |ayer 14, is forned on the substrate 11
and has a top surface 15 "that forns the main top surface 5 of 20 the

devi ce 10. The Bifigi Ral ikukl sckewatiof pehepsabstveavecwl dfi @ ifndistated in

Fi gures .2a_and ﬁb b¥ daghed gine%.r D%rigg ggnufa%t%r ,iav%%Epkpn 11' of the
substrate TI*BBrow’*t Re“tRin I§§eP f§ Ps ntlFeP§ PEROVed up t'0 t'he thin

|l ayer 13 in order to | eave a region of the thin layer 13 bel ow 25 which
there is no substrate 11, this region being referred to herein as a
menbrane 16 (shown within the dot and dashed 1lines). The renai ning portions
of the substrate 11 form support |egs. The nenbrane 16 has a bottom surface
17. The active structure 18 of the power device 10 (indicated 30 by dotted
lines) is in these exanples |ocated entirely wthin the nmenbrane 16. In the
exanpl e of Figure 2a, the active structure 18 is electrically isolated from
other devices or circuits by an isolation |ayer 19 formed within WO

02/ 25700 PCT/ GB01104211

15

20

25

30



-22 the nenbrane 16 between the top surface 15 and the nenbrane bottom
surface 17 such that the isolation layer 19 surrounds the active' stfucture

18 of the power device 10. 1In the exanple of Figure 2b, the isolation | ayer
19is 5 prgébged out side the nenbrane 16 within the thin Iaé such t hat
it surroun He™ctive structure 1S of the power deviceP§ GBPH"“FHe

exanpl es of both Figure 2a and 2b, the power device 10 contains a drift
| ayer 20 that is placed in the sem cordaetor |layer 14 inside the first thin
| ayer 13 10 and entirely within the menbrane 16. The drift l[ayer 20

supports high volm@gesmﬁpl hegdcBondsic teespechitverviawl of A neicomgown) of the
power device 10 Eg ower device 10 is off and pl ocks the vol tage
across the n&@faf® |% n&l SViBH #FCPEHAT §FeFRE RECFRIe, *HHRR GOt | ayer 20
beconmes 15 partially or ideally conpletely depleted of nobile carriers.
According to an enbodinent of this jnvention, if the pain termnals are

pl aced on the top ¥urfacé #5Sghepalelc REASEe S8RBIMREhi THEPhOT@MOtHRE 16, the

equi - pot ept i @ardd LS 2N dBvEERSSSERIS tQ:f thBepdeyice alntilhe drift |ayer
20 20 are practically perpendicular to™oth the main top surface 15 and the

menbr ane bot ¥Rl Wca POLERL iad chiwehPue 11dnsthakednbariinent of this
invention, if a first min termnal is placed on the surface 15 and within
the menbrane 16 and a second main terninal is pl aced adjacent 25 to the
bot t om nenbr ane ammmmmaﬁhnntbhe3n@n@r&uhemm&;ctheospe$emﬂ1qﬂaﬂ|caes are

t [ 1 || t hoth t f 15, 17
P e oy | B fastinsorashE Bor Fidher Mol a8 PRI AL EE S Rk uBb of one

of the | ast &ﬁhﬁuﬁthQanteﬂ$enaﬂdnpart|cuIarIy after formation of all or
substantially all of the structures in and above the thin layer 13 has
Referring now Lo Figures.za and 2b, first and second

examples of a membrane power semiconductor device 10
according to the present invention each have a

15 semiconductor substrate 11 having a bottom surface 12 that
forms the main bottom surface of the device 10. A first
thin layer 13, which in these examples comprises a
semiconductor layer 14, is formed on the substrate 11 and
has a top surface 15 that forms the main top surface 5 of

20 the device 10. The original full extent of the substrate
11 is indicated in Figures 2a and 2b by dashed lines.
During manufacture, a portion 11' of the substrate 11 below
the thin layer 13 is entirely removed up to the thin layer
13 in order to leave a region of the thin layer 13 below

25 which there is no substrate 11, this region being referred
to herein as a membrane 16 (shown within the dot and dashed
lines). The remaining portions of the substrate 11 form
support legs. The membrane 16 has a bottom surface 17.
The active structure 18 of the power device 10 (indicated

30 by dotted lines) is in these examples located entirely
within the wmembrane 16. In the example of Figure 2a, the
active structure 18 ig electrically isclated from other

devices or c¢ircuits by an isolation layer 19 formed within



been conpleted, so that the entire substrate 11 can support WO 02/ 25700
PCT/ (3801104211 -23 the whole of the thin layer 13 during these fabri.cation
steps. It is worth pointing out here the differences inthe 5 o

t wo- di nensi onal potential distribution of prior art high voltage devices,
such as coﬁ@@ﬂ?ﬁ%ﬂbl junction-isolation (JI) high volt agBCHEBPMRL10r
Silicon-on-lnsulator (Sol), and the nenbrane power devices according to
this invention. AS can be seen in Figupgs la and 1b, for the conventional

10 devices, the potential lines are virtually perpendicular to the top
surface 5, HembRe¥eds BPhe B&er 1P bt Ut Heh R¥mBL to be
parallel to the botton?substrate Bﬁkfggg %.réﬁgﬁzgfstribution ofé%ﬂe

potential |ibdtomapurfagd 19 prendthate tbeedkobahionrilpuess 1®a and 3b show the
15 two-di ”e'h?i&%'&%hdg' ghE! ?HEWQ &Jr&ﬁ%r@%@”ﬁf alpd :ep!b‘?\?etf Bl oCXgnpl e of a
e “presen

si npl e power device structure according tot invention fornmed by
one singl e Himgltheokkagelej afickigure 12b,t hteeksvjdteiad TRy 693as the nmain

termnals_ 23 ar, l aced,qn the top surface 15 and.the.drift region 20 20
contains T oY |gcPl“gséjﬁ?yé%‘?\em%@rﬁa&?nggc’%gh%%&@?e Ih Hayer rﬂ)g e lowy
doped than thgnthasode segromndd tanrd scheve+stfadthore 1e@ionhd2poddds drift
regi on 20 becones caonpl ete | eted during the voltage bl ocki nhg node and

| d
before the Ie&€ddfin oEEqu‘? ??gaf G Lt BOER gTHEIBR 3% B3Rr i EBR 25 with

Figure | a angWdOueeikB, 1bt c6ata s Seikhat ajbe 2PRM 5@l phhped afe
per pendi cul ar or near perEendlcuIar to both the top surface 15 and the

bot t om sur f ddte FrRTdLopRECTRENRYSR 16 Ingddestbet Sinstalahindipvernty
0511 PSS AR TR eSO bt SRS GrE b0 e the 20
supportg high voltages applied across the main terminals
(not shown) of the power device 10 whilst the power device
10 is off and blocks the voltage across the main terminals.
During such operating mode, the drift layer 20 becomes
15 partially or ideally completely depleted of mobile
carriers. According to an embodiment of this invention, if
the main terminals are placed on the top surface 15 of the
device and within the membrane 16, the equi-potential lines
in a cross-section of the device along the drift layer 2¢
20 are practically perpendicular to both the main top surface
15 and the membrane bottom surface 17. According to
another embodiment of this invention, if a fixst main
terminal is placed on the surface 15 and within the
membrane 16 and a second main terminal is placed adjacent
25 to the bottom membrane and within the membrane 16, the
potential lines are practically parallel to both the top

and bottom surfaces 15,17,

It is preferred that the substrate portion 11' be
30 removed as the last or one of the last fabrication steps,
and particularly after formation of all or substantially
all of the structures in and above the thin layer 13 has

been completed, so that the entire substrate 11 can support



vol t age approaches its ideal limt. In the exanple of Figure 3b, the main
termnals 23 are on the top surface 15 and bottom surface 17 respectively
such that the potential WO 02/25700 PCT/GBO /04211 24 |ines are parallel
or near paaﬁéthTto both the top surface 15 and the bottom surface 17, and
substanti alYQ%%#%rmy distributed fromthe anode regi oRCEEBIFPHe cat hode
region 22 inside the drift region 20 such that the breakdown 5 voltage is

i deal for a given thickness of the dritg3kayer 20. The preferred enbodi nents
of high voltage power devices according to the present invention also

di ffer fromtle trelpr ofir thet thibwiaser 13t derway tiese stdtatiicatilosn achi eved.
The isolation in the preferred nenbrane power devices is realised
vertically i %gsperfect manner through the absence of substrate bel ow the
active structure 18 of the nenbrane power device 10 and is achieved

| aterally through,the use 15 of an isolation |ayer, 19 which surrounds the
active structur&tlésowoFﬁé BB%EE1Qﬁﬂﬂquhf5? Vﬁ%réFﬁégiﬁqﬁﬁf ithé&BRsol ati on

layer 19 smmh,edmehagona@rgb@én@m @ilsy rd8nedos eHF GRRIRIC TR hayer connect ed
to a 20 matched voltage so that all the junctions associated with said

i sol ation | HtageedrElerse Bk ar Gonrensipnadeiuneiontisplasden the
| solation | aygh 39LR §818048" GEFE o:C SI9YEDLOG DRIGI Bleo @89S 4a and 4b
npFe of a” menor 1 g

each show an exa ane power device aving a p+ isolation
| ayer 25 19 ashi cireenemhdsnér powehelawpesuptacrdisgt oo tiiel shomvemt inenbr ane

punCace 17 98 0L BB SUALOUROE PG g ThiVELY Bl Rolinal byl on
the | owest dmotierti akhavabtabtal niires peeerirbteylatwdrphindivularl bo

the top surface 5, but as they drop into the body of the
device, they align to be parallel to the bottom substrate
surface 4. Such distribution of the potential lines may
lead to premature breakdown. Figures 3a and 3b show the

15 two-dimensional digtribution of the potential lines in an
example of a simple power device structure according to the

| present invention formed by one single high voltage

junction. In the example of Figure 3a, the main terminals
23 are placed on the top surface 1% and the drift region 20

20 contains for simplicity only one semiconductor layer which
is more lowly doped than the p+ anode region 21 and the n+
cathode region 22. This drift region 20 bhecomes completely
depleted during the voltage blocking mode and before the
breakdown occurs. Referring to Figure 3a in comparison

25 with Figure la and Figure 1b, it can be seen that the
potential lines are perpendicular or near perpendicular to
both the top surface 15 and the bottom surface 17 of the
membrane 16, and substantially uniformly distributed from
the anode region 21 to the cathode region 22 inside the

30 drift regiom 20 such that the value of the breakdown
voltage approaches its ideal limit. In the example of
Figure 3b, the main terminals 23 are on the top surface 15

and bottom surface 17 respectively such that the potential



30 the exanple of Figure 4a, the isolation layer 19 is provided within the
menbrane 16. In the exanple of Figure 4b, the isolation layer 19 i's.

provi ded outside the nmenbrane 16. WD 02/ 25700 PCT/ GB01104213 -25 The

i solation |ayer may alternatively be nade of an insulating |ayer such as
silicon oxie0H¥@%may be in the formof a trench or LOCOXT/aPew0421As a yet
further 5 alternative, the isolation can be nade by trenches filled wth a
sandw ch of oxide and polysilicon |ayerg,_Qher insulation materials can
al so be used. Another alternative is to use air gaps (so-called "MESA" or

"trench” isglald o). ﬂﬁ%f%%@p%@&&g@yea%&& B Rog'SRdaptlni n e

sane nenbrane 16 to separate p evices 10 plac wthinthe sane
menbr ane 16 X and $bpabatéobi potfacori’CMa8d bobks it dafel waviidesmiyom t he

power device L Referrin to Figure.5a, ,there . an_exanpl e of
four such poqs/\jies:&l élgfageéfkffg %ﬁ%cae%m%/ﬁgtrﬁ%r}%gh%&sgéretlj%re;n%arkt}\r,\g;delgegﬁani sol at ed
from each otdwerinsideughei ol &t i pegl@y erts splcacehaw the hidekdawnbr ane 16.

Referring_to Figure,5b, .there is shown t,0 vi ew, of an. e | e of four
power dev?ce® %Eléﬁe&dSﬁEZgo é%é?%ﬁ??‘i@&ﬁgg??§ep#mﬁﬁﬁeﬁﬁ£¥%l 2YFd i sol at ed
fromeach aofder through isolation |layers 19 placed outside the nenbranes
16. Referring to Figure 6a, there is shown a schematic 2D cross-section of
a power integrated circuit 40 which contains one nmenbrane power device 10

and CM3S and 25 Rhippobak ey kg esmida ianed ceuhsyfevdNeade fhnane 16.
Al ternatively, the and bi pol ar devices 41 can al so be | aced on the
menbr ane 16 daEferoordingetpovitd RIBFHSEEs invention also differ from

10 the prior art devices in the way the isclation is achieved.
The isolation in the preferred membrane power devices is
realised vertically in a perfect manner through the absence
of substrate below the active structure 18 of the membrane
power device 10 and is achieved laterally through the use

15 of an isolation layer 19 which surrounds the active

structure 18 of the power device 10.

Where provided, the isclation layer 19 may be in the

form of a highly doped semiconductor layer connected to a

20 matched voltage so that all the junctions associated with
gaid isolation layer are reverse blased or zero biased. In
this case, the isclation layer acts as an effective
conduction barrier. Figures 4a and 4b each show an example
of a membrane power device 10 having a p+ isolation layer

25 19 which extends from the top surface 15 to the bottom
membrane surface 17 and which surxounds the active
structure 18. The p+ isolation layer 19 is connected to
ground, which in these examples is assumed to be the lowest
potential available in the power integrated circuit. 1In

30 the example of Figure 4a, the isclaticn layer 19 is
provided within the membrane 16. In the example of Figure
4b, the isolation layer 19 is provided outside the membrane
le.



10 as shown in Figure 6b or on different nenbranes 16 forned over the sane
original substrate 11 as shown in 30 Figure 6c. The exanple of Figure 6d
differs fromthe exanple of Figure 6¢c in that the isolation layer 19 is

pl aced outside the nenbranes 16. It is evident that the use of the

nenbr anes 18CQHEPEol ati on layers 19 can provide - 26 a VEFEBEFRL: | ve

el ectrical isolation between the power devices 10 and the | ow power
circuits 41 as well as between adjacenyspower devices 10. 5 Referring now
to Figure 7, considering that all of the termnals are placed on the top
surface 15 in this exanple, a layer 45 that is electrically insulating but
which has a relatively high thernal conductivity may be placed adjacent

t he bottom surfadd&elisglathennmpapenmeyl@lternat bvebindve nede) dfapge fracti on

of the heat | ekrW be.t LasLd ran 6 while the
power devicéﬂggﬁggg%ga??g%glgﬁ¥% %%eéﬁﬁgggrngﬁédﬁﬁ%pﬁﬁﬂﬁgpﬁﬁigh ayer 45 1is
fornmed afterfdrmwe ofi agkeebavkosi HeCes clayeyg .of Abha yseniwdiitict or substrate 11
is carried o and be.in,the 15 form of a_hl anket deposi td, f a
dielectrig réﬁ%ﬁﬁ%ﬁtq&¥%h%hﬁiéﬁ°§ﬁ55§ﬁﬂc%?o%&u@??%??&ét%iﬂﬁb?ﬁﬂigiﬁﬁ may be
for exanpl exbised sendtiienond. ol deramhtpeliyaliiicStcClnyerdhor @rheri tri de,
alumniumnitride, ,and al um, ni um oxi de, can be_, used. As shown in Figure 8,

the insul at i HFHAFCMBAEET 13651 FRF 4R 6t PPELgap™RFhtie HHSTRALRE1L | ef t
by the nenbiang fiReMaliroBapkn (8bt HEI1LASMESANEAL vSiddcHH6 MBY be in
thermal contact. with the insulating |ayer 45 to extract heat. 25 As shown
in Figures 9BS@kfienit-he first thin layer 13 nmay conprise a thin insulating
| ayer 50;4the bottom of which effectively forms the nenbrane bottom surface
17, and

Several isolation layerg 19 may be used within the

same membrane 16 to separate plural power devices 10 placed
within the same membrane 16 or to separate bipolar or CMOS
low voltage devices from the power devices 10. Referring

15 to Figure Sa, there is shown an example of four such power
devices 10 placed within the same membrane 16 and isolated
from each other through isclaticn layers placed within the
membrane 16. Referring to Figqure 5bh, there is shown a top
view of an example of four power devices 10 placed on

20 separate respective membranesg 16 and isolated from each
other through isolation layers 19 placed outside the
membranes 16. Referring to Figure 6a, there is shown a
schematic 2D cross-section of a power integrated circuit 40
which contains one membrane power device 10 and CMOS and

25 bipelar devices 41 placed outside the membrane 16.
Alternatively, the CMOS and bipolar devices 41 can also be
placed on the membrane 16 together with the power devices
10 as shown in Figure 6b or on different membranes 16
formed over the same original substrate 11 as shown in

30 Figure 6c. The example of Figure 6d differs from the
example of Figure 6c in that the isolation layer 19 is
placed outside the membranes 16. It is evident that the

use of the membranes 16 and isolation layers 19 can provide



at | east one sem conductor |ayer 51 placed on top of the thin insulating

| ayer 50, as known in for exanple state-of 30 the-art Silicon-on-I|nsul ator
(SO1) technology. In this case, an SO technol ogy such as bonding wafer,

SI MOX or Uni bond nay be used in the fabrication of the power integrated
circuits. Alternatively, silicon or dianmond can WO 02/25700 PCTI GBO1104211
-27 be used. As one of the |last steps-oR6the high voltage Sol process, and
as in the exanpl es descri bed above, the sem conductor substrate 11 bel ow

t he buri eda reutyatkififgctliayere 150 tray-die igarntaitdldny hegmmeed dHe qugler

conventional 5 patterning by single back-side etching. In_this exanple, the
buri ed i nsGFATCRG |1Qy§161%5(§?'§c§§>“g§30§“ﬁrefifléf&iil\ff§ étlc I‘?gs Hp fliﬁ'tr?‘ir%perﬁje
menbrane 1644LtROK Rl QR dNqorein terninals are placed on the top
surface 15 and within the nenbrane 16, the buried insulating | ayer 50 al so

hel ps 10 achieve a uniformdistribution of the potential lines inside the

drift layer 20 such_that the breakdown voltage. of .the rane r_device
10 w11 Be cf 0s8 E8TFIL ABH o 31 TS 1 Fo B eRE e T g e 6 %

i sol ation layeinkls ia¥ePbace@Midridhet Repreaiirane 1% i thies examie of
Figure 15 9b, the isolation layer 19 is provided outside the nenbrane 16.

Agai n, an Pn3d@lvati A§ Capdr 185 ejiadt risledtivy émpuiisgh na kernghicdhdwe iavity may
be forned I - a S N .Qures . 1 el
renove theqﬁégglﬁgﬂggpyr@g%g scu%%saﬂ&gggrlf% E!r? /(?% (ﬂ]l%ect yajdtjjéacz%#% P

external heak domko4d subfaicke 1exarfpltés aferEirgured 61@a dred p IHdemovan a sol ati on
| ayer 19 is provi ded v_\,ithis?r% the nenbrane 16 whereas in the exanpl es of

Fi gur e %108 2588 ErBCtdr™ 9L LOadisdh My &t REhsrsvisfedURS & aRedhenbr ane

16. inside the membrane 16 while the power device 1is
operational. 1In the preferred embodiment, this layer 45 is
formed after the single back-side etching of the
semiconductor substrate 11 is carried out and may be in the

15 form of a blanket depcsition of a dielectric material with
high thermal conductivity. Such material may be for
example based on diamond. Other materials, such as boron
nitride, aluminium nitride, and aluminium oxide, can be
used. As shown in Figure 8, the insulating layer 45 may

20 £ill the entire gap in the substrate 11 left by the
membrane formation. In either case, a heat sink 46 may be
in thermal contact with the insulating layer 45 to extract

heat.

25 As shown in Figures %a and b, the first thin layer 13
may comprise a thin insulating layer 50, the bottom of
which effectively forms the membrane bottom surface 17, and
at least one semiconductor layer 51 placed on top of the
thin insulating layer 50, as known in for example state-of-

30 the-art Silicon-on-Insulator (S0I) technology. In this
cage, an S80I technology such as bonding wafer, SIMOX or
Unibond may be used in the fabrication of the power

integrated circuits. Alternatively, silicon or diamond can



In the exanple shown in Figure 12, a further electrically insulating |ayer
55 with enhanced nmechani cal properties is placed between the buried - : -
insulating |layer 50 30 and the electrically insulating but thermally '
conductive layer 45 in the region of the menbrane 16 in order to
strengt hen WRé22¥¢uct ure of the menbrane 16 and hel p m nPaT/€8ovERLIri sk of
mechani cal rupture of the nenbrane 16. WO 02125700 PCT/ GBBav04211 -28' This
addi tional insulating |ayer may al so hqhg_to conpensat e the overal
mechani cal stress in the nenbrane 16 and may al so enhance t he adhesi on of

the electri I | nsyl.ati.ng.u I onduct. i ves L.ay t he buried
5 insul ati n;@% é%sgﬁ'SO?le %Dh\% PP‘ %‘:éé Z%Jpér%csdlt)aépédgghg%étﬁ}éﬁ ﬁcélc%%% %gﬁl y strong
| ayer 55 canpmdcmshe apkdaaed iuntdbke édemplemnmdeaceihédi abewy, ofhd he ot her

exanpl es described in this ,specjficatiaqn that go not have the buried

i nsul ati ng I%WCOH%,Ct?ECﬁugﬁgﬁﬁ %njeﬁtbe aﬁ?ﬂen “Fﬁ%ée?%%ﬁﬁ%g passi vati on
10 and/ or merhast Gl magr ber pareeadiy thnssteduehbaghnebaeémgiodarti cul arly
the resistance to rupture. Sever such, nmechanically strong insul ating

|
| ayers caf RAISTISNGePYoR1ngHhE g%@k’%iiqfe e5ChERE - nehbr HiveS 15<@kiencr ease t he

thermal  di sghdahir@ra RAsH1KREBqEL BFdF iRAldatsand/ gf eppsetiFated dd
mechani cally the menbrane 16 and/or  to act as buffer layers to achieve good
adhesi on bet%k&@h toh&aray Eheapanhrsih ekt . THAPPASARELY ngviewy dite MRiand buffer

| ayer may be.nitrj e)'q Lal $=0 ; Il 1 ne
materi al s. 25 | nldtaﬁl%sgfgn%)ﬁgg%ghgﬁn%%%gﬁgg%gg%ogﬁgﬁyﬁ%ﬁ the main
devi ce ter i mailscanee Y5l,acde bnribed immlsvrigcéaydrahtl alwe Higldpgs he nenbrane

50, 61 of “Bppttier® cotictm Py SEsbe el o ER= RESabIF e EHIAN i n the power
ingide the drift layer 20 such that the breakdown voltage
of the membrane power device 10 will be close to its ideal
value. In the example of Figure %a, the isclation layer 19
is placed within the membrane 16. In the example of Figure
15 9b, the isolation layer 19 is provided outside the membrane
16,

Bgain, an insulating layer 45 with relatively high
thermal conductivity may be formed below the membrane 16 as
20 shown in figures 10 and 11 to help remove the heat '
laterally to the substrate 11 and/or directly to an
external heat sink 46. In the examples of Figﬁres 1l0a and
1la, an isolation layer 19 is provided within the membrane
16 whereas in the examples of Figures 10b and 11b, an

25 isolation layer is provided outside the membrane 16.

In the example shown in Figure 12, a further
electrically insulating layer 55 .with enhanced mechanical
properties is placed between the buried insulating layer 50

30 and the electrically insulating but thermally conductive
layer 45 in the region of the membrane 16 in order to
strengthen the structure of the membrane 16 and help

minimise the risk of mechanical rupture of the membrane 16.



25 device 10 is now conprised of two sem conductor regions 60',61" of
opposite conductivity type placed above and in direct contact with each”
other to forma sem conductor junction. The presence of these two

sem conductor regions 601,61 of different conductivity type and in direct
30 contact YAMEYnificantly increase the breakdown voltaﬁéfﬁpmﬂﬁﬁﬂ devi ce.
This is due to the horizontal junction fornmed in the vertical direction

bet ween the sem conductor |ayers 60, 6%28hich facilitates the depletion of
the entire drift WD 02/ 25700 PCT/ GB0J/ 04211 -29 region at nmuch | ower voltage
than the bremkidowadieibage. indhlst IMANsyeiamal’helds i hély agh on acts

physically as an intrinsic |ayer during the voltage bl ocking node and the
pot enti al Ii?ﬁﬁ?qq?§§ev§PPiEHFrE}%§%@%ﬂﬁﬁiQ%1 SETERR tR\ihe mprhrane 16

per pendi cul afnd @ 1lsep ciahage Ao ANkdiba BRMBRANELROL QLU face 17 and

nore evenly distributed al ong the rift region in the lateral direction.

For these s%#ﬁkkﬂhﬁﬂﬂ bpﬁetépéaallr:qqnﬂuytﬁgeth§Y@¥o&% 7 e auriigd uni form
al ong thesdriﬂéuﬂé¥¥ﬁ%nlb§FEh§0|aif%fﬂi#¥'5é %ngééﬁﬁﬂéé”hhég dHig el ectric

field reaches 1ts crrtic val ue, aval anche” br éakdown occurs. As the
el ectric fietethamicalily sorangi dagehsttamanaklgouhe f ptaged hedere &hdown

el @ ourve o, 38400 phY, DECHEE SRR, ShahBel Foufa £ SR Gevi ce.

i's a maxi nunspedifilidatibn thatdedstnod Haher thileebdopedglrsntaningtliagerand t he

t hi ckness og the two _sem conductar | ayer 60,21 ach play an _ _i,nportant
role in obtalhi g SRRl r%éﬁ&ﬂﬁﬁﬁ@biﬁfaﬁlecﬁﬁ%%?ﬁl&?%ﬁﬁ?%&ﬁ@ preferably
sel ect ed15ucind it ridtmaRiiicalepefididricd F @hei steeptetedimdluddhat i vely | ow
vol tage conpared to the rated breakdown vol tage. The chojice of doping

particularly the resistanc¢e to ruptu¥e. Several such

-mechanically strong insulating layers can be deposited on

the back side of the membrane 16 to increase the thermal

dissipation, passivate electrically and/or consolidate

15 mechanically the membrane 16 and/or to act as buffer layers
to achieve good adhesion between one layer and another.
The insulating layers 21 and buffer layer may be nitrides,

oxides, amorphous materials or polycrystalline materials.

20 In the examples shown in Figures 13a to 13c¢, when the
main device terminals are placed on the top surface 15 and
within the membrane 16, the first thin layer 13 in each
case compriges two semiconductor layers 60,61 of opposite
conductivity type such that the drift region in the power

25 device 10 is now comprised of two semiconductor regions
60',61'" of opposite conductivity type placed above and in
direct contact with each other to form a semiconductor
junction. The presence of these two semiconductor regions
607,61' of different conductivity type and in direct

30 contact can significantly increase the breakdown voltage of
the device. This is due to the horizontal Junction formed
in the vertical direction between the semiconductor layers

60,61 which facilitates the depletion of the entire drift



concentration and thickness of the two sem conductor |ayers 60,61 is also
I nfl uenced by the type of power device enployed and by the associ ated
fabrication process. 25 The exanple shown in Figure 13b is of the Sol type
having a silicon oxide insulating |ayer 50. The exanple of Figure 13c is
agai n of tH¥O8YZBMpe having a silicon oxide insulating PEYEBIBBIHNd an
electrically insulating but 30 thermally conductive | ayer 45 deposited on
the back side of the insulating |ayer -56- It will be appreciated that an
electrically insulating but thermally conductive |ayer can WO 02/25700

PCTI GS0110424dy1i on3@takeenbeodepogd 1atgeo khhRet ROt b AsR iR eR 1 &gl the _
menbrane 16 of the Jli exangle shown in Figure 13a. |n the exanples shown in
n

14a to 1l4c, THiTHedgsr E8abnahe sdgkfie ma9ipnt 3Ct B ePR¥HHEAY oA i n Fi gures

13a to 13¢, {hey ¥l batRg Ql-ify S wAREgESHI QL EEL, a
seniconductofhﬁgyeﬁg 0P§§Iterﬁg#?ng conduc?iv?%@ét peq%ﬁﬁfﬁﬁhb%h?op of each

other in thedgtefitdadt ldnesudn aheertinal cmpeseseriion rafyitde Bevoaes

conpl et el | afi Ve 1O ge: C d rat ed
br eakdowng S%ﬁo % %g%e%gg‘%ﬁ,l Q?t El%/Jvi ?’1??4 btedpa\ggr%gélt\'gt gsd _%gtag hgen “Feg‘lbggﬁ?i cally
i nsul ati ng bubt tduwe smeiflyecdfdand i merd apenlsSdisemilnet el pdsingedhen t he bottom

surface 17 of_the nenbrane 6 of an f._ these ex les. 15 In the exanple
shown in Fi g%’l—'letq:lg,eg\?\ﬁ@nl&gﬁﬁﬁ f?\%e’ffél ﬁllrf?gﬁf?ﬂm 21!;@$ gtsrtﬂsa?ced on the top
surface 15 wsthidtures, gRebeasetdfc fiwadddikf theegfore Qfrddid caraipr ane power
device 10 conprises pIur%%ﬁagkggent | ayer,s 70,71,72 of alternating 20

conduct i vi t y*RYRFRALSREd b FSH S Aenshenisteresy X

10 direction. If the electric field reaches its critical
value, avalanche breakdown occurs. As the electric field
at this point is substantially uniform, the breakdown
voltage, which is graphically represented by the area under
the electric field curve in the x direction between the

15 main terminals of the device, igs a maximum. It will be
understood that the doping concentration and the thickness
of the two semiconductor layers 60,61 each play an
important role in obtaining the maximum breakdown voltage
possible and are preferably selected such that the entire

20 drift region ig depleted at relatively low voltage compared
to the rated breakdown voltage. The choice of doping
concentration and thickness of the two semiconductor layers
60,61 is also influenced by the type of power device
employed and by the associated fabrication process.

25

The example shown in Figure 13b is of the S80I type
having a silicon oxide insulating layer 50. The example of
Figure 13c is again of the SOI type having a silicon oxide
insulating layer 50 and an electrically imsulating but

30 thermally conductive layer 45 deposited on the back side of
the insulating layer 50. It will be appreciated that an

electrically insulating but thermally conductive layer can



adj acent sem conductor regions in the z direction form transverse

sem conductor junctions in the z direction such that the entire drift
regi on becones conpletely depleted at relatively | ow voltage conpared to
the rated breakdown 25 voltage. The presence of the vertical junction planes
in the z VP& Y%nh on the nenbrane 16 results in an evenPCHEEIW4BLIL | on of

the potential lines along the drift region in the x direction, which
i ncreases the breakdown voltage to be-gbese to the ideal value. As in the
exanpl es 30 descri bed above, the potential lines in a vertical (x,vy)

cross-secti afilff Hehdegonicedass ggs pRWtotukatfade t1E 3O hes tichd@andS and t he
menbr ane bottom surface 17 and are thus aligned to the y axis. The doping

and the thi ckheds tde theetiglBie 28y BaTF&IRE20%2A41 - 31- adj acent

sem conductor |ayers-70,71,72 of different conductivity type are selected
such that the drift region depletes entirely in the voltage bl ocking node
at relatively | 3B et gFampdapapleernt on Hdar 0 et &r etiddBIrI r@sPrage, t hus

| nereasi ng e RN Kl bAGR, £eO I iih%i%?ﬁ@%&}’%ﬁ:b bl Weht be

under st oo ' I 'st three conductor 1 ay aré shown
arrayed in tdmeift ndigiest ioneagphstasswoiorfoymed bhagetdwale such | ayers nmay be

but t hor il 15 kioR Al EDE PaFerRrE e thar ol S, O Bl 17 o
t he menbraneod &dm ofoedeh bohext tacthdgatdifreamithesutetyitdmatl@hel n the exanpl e
G 1 er ent coMUOtS By FHEBRaBRHOmT GYRLEFFLY CIRBAEL M (o format the
top surfage rdfntARG Iy 1bhevilEaft aitng LG 26 PRt PAted Bicduideam again  the
entire drift regi on becones gonpletely depl eted during
voltage. Again, 1t will be appreciated that an
electrically insulatiné but thermally conductive layer 45
can be deposited on the bottom surface 17 of the membrane
16 of any of these examples.
15
In the example shown im Figure 15, when again the main
terminals are placed on the top surface 15 within the
membrane 16, the drift regiocn of the membrane power device
10 comprises plural adjacent layers 70,71,72 of alternating
20 conductivity type arraved in the third dimension z. These
adjacent semiconductor regions in the z direction form
transverse semiconductor junctions in the z direction such
that the entire drift region becomes completely depleted at
relatively low voltage compared to the rated breakdown
25 voltage. The presence of the vertical junction planes in
the z direction on the membrane 16 results in an even
distribution of the potential lines along the drift region
in the x direction, which increases the breakdown voltage
to be close to the ideal value. As in the examples
30 described above, the potential lines in a wvertical {(x,y)
cross-gection of the device are perpendicular to the top
gurface 15 and the membrane bottom surface 17 and are thus

aligned to the y axis. The doping and the thickness of the



t he vol tage bl ocki ng node so that the potential is 20, distributed uniformy
across the drift region. The cells of different conductivity type may be
formed regularly as shown or irregularly (not shown) in the x,y plane. In
t he exanples shown in Figures 17a to 17c (which 25 show respectively a Jl
device, a P HEH%e, and a Sol device having an el ectri cB¢T/GBIHERMIAt i ng but
thermally conductive |ayer 45 applied to the back of the nenbrane 16), the
substrate 11 is renmoved such that only _aipart of the drift region 20 lies
Wi thin the nenbrane 16. Thus, 30 part of the drift region 20 remai ns outside

the menbrane;dficdmndend cbhalietor c1ppsid ianed aboye &DerdLdmi ning part of
the substrate 11). The nain termnal’s are placed on the top surface 15 but,

preferably, erduatdivicyl tage ecensabectad GReasybat - e PETBHEL4211 end of
the drift re&éﬂbt’e@x 'eirt'i%%e%"‘tﬁé"%fé&%e”g%&ﬂﬁ% ffadd st the |ow
al end of the“d gron~ 20 may renmaln

vol tage term rift regqi out si de the nenbrane
16. Again, ireldtlively lappretiagedcemmresin tel eber rebed ybrewulain ng but

thermal ly_5 conducti | ayer._45 can he de i.ted on.the bottomsurface 17
of the me r%éi}aﬁ?’o¥%gﬁyX8Fr?%5§%9eééﬁé%rpgidPﬁnaY?l%ﬁg?ré;O aﬁﬁﬂé&s

descri bed abbisalanGlsleown Itnwikl gve esndkristobd, thAe wkilst ofhddee substrate 11
are angled 10 to the | ane of the,;ateral device. This, is because the

nmost conmon TEEHH éP%rRBXEESS?ﬁe7¥H(ﬂﬂ%ﬁ§ PLOYR 3TERYBt D FRE & chi ng,

which is typageddoicRer fostedwdSbhtmdre KBS @hetbboBucHNBapdtd Gy pebstrate 11
s a nono-crystal and the etching rates of anisotropic etchants is

dependent 156BHLQUSE cr J§t @i 1dr FBRtheT PE upReTEEEAdsERRE Fines are usual ly
the (111)qpl aN&seriHAA9$ de%LESEiRG bl HdruadB$ conductive layer may

be deposited on the bottom surface 17 of the membrane 16 in

order to extract heat from the device 10.

In the example shown in Figure 16, the drift regiocn is
15 formed by several cells 80 of different conductivity type
placed alternately to each other to form at the top surface
15 and in the x,z plane regular patterns such that again
the entire drift region becomes completely depleted during
the voltage blocking mode so that the potential is
20 distributed uniformly across the drift region. The cells
of different conductivity type may be formed regularly as

shown or irregularly (not shown) in the x,y plane.

In the examples shown in Figures 17a to 17¢ (which

25 show respectively a JI device, a SOI device, and a SOI
device having an electrically insulating but thermally
conductive layer 45 applied to the back of the membrane
16}, the substrate 11 is removed such that only a part of
the drift region 20 lies within the membrane 16. Thus,

30 part of the drift region 20 remains ocutside the membrane 16
{and is therefore positioned above the remaining part of
the substrate 11). The main terminals are placed on the

top surface 15 but, preferably, the high voltage terminal



that have the buried oxide | ayer have the advantage that the back side etch
stops automatically at the buried oxide since the etch of the oxide is for
many etchants (including 20 KOH) nuch slower than that of silicon. '
Alternatively, for bulk silicon (i.e. non-SA) devices, the back side etch
can be coWOrd325%8l in time or el ectrochenically. |nstead PSR4 sotropic
etching, dry back side 25 etching nay be used for producing any of the

menbr ane power devices according to thé2present invention. Dry back side
etching has the advantage that the walls of the substrate 11 are vertical,
as shown by agsy off thrafpléti Aed Qurads isg logated ghitlpy Shreaegbraae t he

vol unme occupj h ap i e t fapne 16 is
10 longer  Olpcndbar Sact e Tt SUpRL! End ot RN TR R
plurality of20mmalyr aaBsincontshide dthe awmbaaseal s spagaigy, bdét wédd bhem can be
achieved in f hi r_in r.af. 700 PCT/ 1/04211 - 33
circuit nor eapg)g:sei%?g.g eﬁntﬁﬁg %#(a%r%%et%’%%&?ﬂgurgéé%g%t,gu%%gm%%leﬁnﬁﬁyI ayer 19

i s provi ded cmrdhichitrbe Lagabr afecdib bevdepeasted ¢merlex dnpitenobukifgoee 18b,
the isolatian I 19 | s_proyided outside the nenbrane 16. 5 In the

exanpl e shoﬁH?FﬁyﬁﬁauW§m§§?B?h%é n@flgh?ﬁe 5P Dy front side etching
(i.e. surface mcro machining) of the substrate 11. In the exanple shown,

the substrate 11 is onlé Eartly renoved bel ow the active region 18 of the
10 device 10 so &% P&l BAvEhe2¥pfPlias descsibed rakheve RiskIsdRvnt AR acti ve

structure 1&mhiel BekBs1b0 LRHETSASE: td¥e thbr saksow £apakild tygekat he

device. Figur€ 20 is a cross- sectional view of the exanple of "Figure 19.
Fi gure 210 dhowdeaxszgl Pharpapf Wie tintexranpreiet. FiHuresisl eganyse0.

the most common technique for back side etching is wet

anisotropic etching, which is typically performed using a
KOH solution. The silicon substrate 11 is a mono-crystal
and the etching rates of anisotropic etchants is dependent
15 on the crystal orientation. The etch-stop planes are
usually the (111) planes. Those devices of the SOI type
that have the buried oxide layer have the advantage that
the back side etch stops automatically at the buried oxide
since the etch of the oxide is for many etchants (including
20 KOH) much slower than that of silicon. Alternatively, for
bulk silicon {i.e. non-50I) devices, the back side etch can

be controlled in time or electrochemically.

- Instead of wet anisotropic etching, dry back side

25 etching may be used for producing any of the membrane power
devices accoxding to the present inventicomn. Dry back side
etching has the advantage that the walls of the substrate
11 are vertical, as shown by way of example in Figures 18
and 18b. This means that the volume occupied by the gap in

30 the substrate 11 below the membrane 16 is nc longer
dependent on the thickness of the substrate 11 and thus a
plurality of membranes 16 with reduced lateral spacing

between them can be achieved in the same chip or integrated



15 As in all of the exanples described above, the presence of the gap in
the substrate 11 below the active region 18 (i.e. the formation of the
menbrane 16) neans that the potential lines in the drift region 20-are

per pendi cul ar to both the top surface 15 of the device and the bottom 20
surface 17 ¥ %¥Hé%enbrane and are substantial ly uniforn JCTEBSYHRYut ed

I nside the-drift region 20 such that the breakdown vol tage approaches its
ideal Iimt. In the exanples shown in F3gdures 22a and 22b, which 25 are
respectively JI and 50i variants, the gap in the substrate 11 is fornmed only
partial | y undércuite mémief teasidgi.onI2tsucExampde ofil piguparisaf tihee drift
region 20 is, forned i,n_the nbrane 16.. Again e mai.n termnals are

pl aced on thés?ﬁhFﬁﬁﬂﬁ%%ﬁgriégE&F BF%ﬁ%é%ﬂﬂ%?%bﬁg hgﬁhm%mpﬁaﬂ? e terninal end
of the driftwiegan i2) the pkaeele ¥f tdiduriehespenbhantsdbatddd Ifaviehe | ow
voltage term pnal] end |, remali,n outside_the nepbrane 16. WO 02/ 25700
PCT/GBOllO42&a.%ﬁﬂquﬂﬁagé ?§§S§H8mgh?rwqm9£5PP 4h-exanpl e of a menbrane high
voltage | gteral DMOSFET (LDMOSFET) 10 according to the present invention in

which the drift region 20 is_of n 5 condu.ctivitg téﬁ)e, the source region 90
and the drain rédt S0 LXameler showd nbudtighrey 1Py pbha feemieranandisl igoped

Wi th donor ipgpuhdd RS d@nft0kiya 9PoRs iiC aCORLaek [ ey 92 is of
p conductivity typéﬁﬁA cghvgnt?ona ”ﬁ?gh gteﬁ ggtge?@rﬁggq%vﬁg'thb%

i nsul at ed | agertios sulstyat@ gal.ysihithem exatipde sbouwh, | lyersubsticatel aced

"D0te 12, 415 FRAIAIS RS RIIP ROUREEUE' Plola S SO

field oxilde, dewicdel prsesearst tat leheet®pafint hbedsubstiayeri 2mdiestween t he

i nsul at ed gaggeaggLfJgastructure 18 which helps to increase the
breakdown capability of the device. Figure 20 is a cross-
gectional view of the example of Figure 19. Figure 21
shows a SOI wvariant of the example of Figures 19 and 20.

15 As in all of the examples described above, the ptresence of
the gap in the substrate 11 below the active region 18
(L.e. the formation of the membrane 16) means that the
potential lines in the drift region 20 are perpendicular to
both the top surface 15 of the device and the bottom

20 surface 17 of the membrane and are substantially uniformly
distributed inside the drift region 20 such that the

breakdown voltage approaches its ideal limikt.

In the examples shown in Figures 22a and 22k, which
25 are respectively JI and SOI variants, the gap in the
substrate 11 is formed only partially under the drift
region 20 such that only a part of the drift region 20 ig
formed in the membrane 16. Again, the main terminals are
placed on the top surface 15 but preferably the high
30 wvoltage terminal end of the drift region 20 is placed
within the membrane 16 whilst the low wvcltage terminal end

may remain outside the membrane 16.



15 drain region. The polysilicon/netal |ayer 94 may extend by a short

di stance above the field oxide 96. In the on-state, current flows between
the drain termnal D which contacts the n+ drain region 91 and the source
termnal which contacts the n+ source region 90. This current is 20

control | ed B9 %¥F%otential applied to the gate term nal ECTHMO¥ Hont act s
the insul ated gate. When a higher potential 1is applied to the gate term nal
with respect to the source termnal, a3éhannel of electrons is forned at
the surface of the p well 92 under the insulated gate which allows flow 25

of electrons fromthe source region, through the channel, via the drift
region 20 to the Qi Ee HeVLCE,C ubhed-98 apd; ofd pl yi ng an
appropriate potenﬁ%%y to the%batgnt§§##¥%ﬂ§ %%é R?ghgvg?tage FET is

pl aced on ahi@niraltadks lidkimddDMYSEER ({LEMOSEETACE0i Scemuding 30 tinenbr ane
bottom surface 17, T rane bottom,surf ' Ltpated in the y
direction ofﬁf%see%tr &H&e@%no&%bgﬁ% nth% ﬁﬁ?gp}’égﬁ’ﬁczb 1%5 ahd Tt he

sem conduGt ocosdibsiinaiitsy yfeac ehel@oudde seeyilonane afidi shé hersefrore thin in

conparison with, WO 02/ 25700, PCT/ GBO /04211 -35 the sem conducior substrate
11 such that “GHEMN tHe & e ® GRBFAFELTIYY (S 8PEaYRTHI ¥R rF{jDHﬁS]de, t he

drift regi ony26h deceneEsnEoTietety £eph el /bl ofRkE! eofBdét Sran@Rgiet he

potential lines are virtually perpendicular to the top 5 surface 15 and the

P 9 3

bot t om menbr Br€esurt?ace PF & CORFRACH-EIFitgR% 24, CIRYERELORHE contrast with
prior art J13hDMOSRETSatd) el biiea diifd HRG1ARES16paves ignald y pl aced
above a thick sem conductor substrate which in the off-state is not
conpl et elly d_@%lié&ﬂéd-%_&m‘d_roé’f gegal hbayes did iigl plrAes peeve 10 Mom t he
nitial vertiop] & rapdiQhidtederthi fle "G hlrad! 18Pedi§ by i hori zontal
direction (x axrs) wthin the

insulation layer 95. & thicker insulating layer 96,

-

referred to as the field oxide, may be present at the top
of the drift layer 20 between the insulated gate and the

15 drain region. The polysilicon/metal layer 94 way extend by
a short distance above the field oxide $6. 1In the
on-state, current flows between the drain terminal D which
contacts the n+ drain region 91 and the source terminal
which contacts the n+ source region 90. This current is

20 controlled by the potential applied to the gate terminal G
which contacts the insulated gate. When a higher potential
is applied to the gate terminal with respect to the source
terminal, a channel of electrons is formed at the surface
of the p well 92 under the insulated gate which allows flow

25 of electrons from the source region, through the channel,
via the drift region 20 to the drain. The device can be
turned on and off by applying an appropriate potentizl to
the gate terminal. The high voltage LDMOSFET is placed on
a membrane 16 defined by the top surface 15 and the

30 membrane bottom surface 17. The membrane bottom surface 17
is situated in the y direction of the cross section between
the top surface 15 and the semiconductor substrate surface

12. The membrane 16 is therefore thin in comparison with



substrate. The advantage of the high voltage nenbrane LDMOSFET resides in
hi gher breakdown voltage capacity, a nore uniformdistribution of the -
potential lines at the 15 surface and a better isolation through the use of
a vertical isolation layer 19 in the nenbrane 16. In this exanple, the

i sol ation X985 i's made of a highly doped p+ |ayer anBCTSBEEMAECted to
the source termnal. It should be understood that the device shown in Figure
23a 20 may typically contain several st¥&S-pes/fingers/celis such that the
device neets the current |evel and power specifications. For a 600 V device,
the drift reglh@rﬁer@mrx@cw@menbsarfam Ymsuypitbak| yhee tﬂ@a&lmc:h t he

t hi ckness of | 2 5.4 Iength of
the drift t%% %e%agﬁe%%\gcg{hf%%o ri ?ng}éﬁlfgﬁ %ﬁ nee %ot - be
const ant andbemmemrqprrfprlmnetllyedegmute@ ehancdbd leheadtrdens emsd ey exanpl e, at
the source end the d e 8xipls/=3 whil.e Lncreasj linearly to
3x10' / CvB ab® 'f‘?fétjc?r]aqﬁmf%da §0V$F B?gi&ﬁ?rﬁ?&%c&hlaEOWVra?‘?aﬁﬂ of the
exanpl e ok Eigfde: 23A doa \MMect&oaaomrtséﬁmtam shid¥ake507i §s piased iat the WO
02/ 25700 PCT/ BA /04211 -36 hottomof the drift region 20 as part of the

menbr ane 16. FiIWEs F4sulBtisnd sl dPefosbramte ittt PEaOEhAEK &5 JINMQSTETEase of

prior art SOfy mﬁbW@ﬂ@QﬁlﬁVkﬁgioH%s r@:‘rhw}é?ﬁtl%ﬁg.lﬁ!? pY&Eda tddeSiance the
potential in the voltage bl ocking node 5 (when the device is off) is not

support ed ackBbekgenicqgmctprdispbetraie dhn iphéheagéf ot atohviéntiosnal SO
o POERfFLASES) Ul dche g ShOBEs 11 PRESK LA ool
i sol ati od9, Suoh ke phitimleverttdgabedimaetion in the drift region to
align with the horizontal direction (x axis) within the
substrate. The advantage of the high voltage membrane
LDMOSFET resides in higher breakdown voltage capacity, a
more uniform distribution of the potential lines at the
15 surface and a better isolation through the use of a
vertical isolation layer 19 in the membrane 16. In this
example, the isolation layer 19 is made of a highly doped
p+ layer and is connected to the source terminal. It
should be understood that the device shown in PRigure 23a
20 may typically contain several stripes/fingers/cells such
that the device meets the current level and power
specifications. For a 600 V device, the drift region

doping concentration may typically be 10'/cm®, the
thickness of the drift region 20 between 0.2 to 20um, and

25 the length of the drift region 30—50pm. The doping cf the
drift region 20 need nct be constant and can vary from the
source end to the drain end. For example, at the source
end the doping may be 8x10%°/cm’ while increasing linearly
to 3x10%%/cm® at the drain end.

30

Figure 23b shows an SOOI variant of the example of

Figure 2z3a in which an ingulating layer 50 is placed at the



10 Figure 23c shows a variation of the exanple of Figure 23b in which an
electrically insulating layer 45 with a good thermal conductivity is placed
bel ow t he nenbrane to facilitate the renpval of heat to a heat sink 46 and
thus avoid excessive self-heating. In this exanple, the 15 isolation |ayer
19 is proviVeAZHI¥si de the nenmbrane 16. Again, it will bePEpEBaEMAtled t hat
an electrically insulating but thermally conductive |ayer 45 can be
deposited on the bottom surface 17 of thg _nenbrane 16 of 20 any of these
exanpl es. Figures 25a to 25c show in detail exanples of Lateral Insulated

Gat e Bi pol ar [ K I Vi | | ch bi pol ar
current IOcon u%-‘lf’?dgrr?] 0v'il'\;t %ﬁlleﬁ]ldt&%nggg% fﬂfeég&?ﬁrjz-oggugggﬁ%%@o%%yet ﬁg 'rrgnbr ane
16 i s enpl oyEuis ambuiEitdrge deyespbhdngmherel be tbitkeat DMOSHETcaslzown i n
Figures 23a tp 23c._Th i.n.difference between the LI GBI nenprane power
devi ces and ?ﬁépﬁiﬁﬁjﬁﬁ%ngﬁﬁg?g eV?i%@g% h Ceﬁnbﬁggﬂ?%sleﬁﬁfﬁ B#3c is the
use of a hi ghtyy dapied gixdepehd0pboéetidl eidi @hel apetadlbbdcitiiey avade.

Bi pol ar caonduction, in LLGBT,typg devices is charaﬁterised by conductivity
modul ati ont i WWEFRE TS 9eViiEFersi RESt dbF AY FBROLERRAGRO5 S 1Lt &1 &¥est ance.
Again, it w{ldbeeaBRnecisat a8 that cage W2 MnReh9oRET/ 680 U Q4211 - 37

electrically insulating but thermally conductive | ayer 45 can be deposited

on the bottohPstAdacevizes ©neE ARFIRIhALIONG of . ah) Bhethedirastddd-es. 5

Figure 26a |gnh@ SCOGIBUL IRCRRBECLLYE 14 G bgntreﬁéﬁp&fmés 3 JTRJFRr ane
device in the formof a power diode. For a 600 V power diode, the doping
concentrat i optler thyres aff iifsolasgpns, 2901915 dsn prhdayangendxk s used.016/ cnB

with a Lengtboofe 304 QR0 T +IRe.t N FKIESHOLLRB1dr b8 tal ANET 29

in which an electrically insulating layer 45 with a good
thermal conductivity is placed below the membrane to
facilitate the removal of heat to a heat sink 46 and thus
avoid excessive self-heating. 1In this example, the

15 isolation layer 19 is provided outside the membrane 16.

Again, it will be appreciated that an electrically
insulating but thermally conductive layer 45 can be
deposited on the bottom surface 17 of the membrane 16 of

20 any of these examples.

Figures 25z to 25c¢ show in detail examples of Lateral
Insulated Gate Bipolar Transistor (LIGBT) membrane power
devices in which bipolar current conduction within the

25 drift region 20 suspended cn the membrane 16 is employed
and which correspond generally to the LDMOSFETs shown in
Figures 23a to 23¢., The main difference between the LIGBT
membrane power devices and the LDMOSFET power devices shown
in Figures 23a to 23c is the use of a highly doped p-type

30 hole injector layer 100 at the anode. Bipolar conduction
in LIGBT type devices is characterised by conductivity
modulation in the drift layer in order tc reduce the on-

state resistance. Again, it will be appreciated that an



10 may be between 0.24mto 20gm The doping of the drift region 20 need not
be constant and can vary fromthe source end to the drain end. For exanple,
at the source end the doping may be 8x1015/cnB while increasing linearly to
3x1016/cm 1 at the drain end. For sinplicity, only one cell 15 of the diode
is shown. FVYBIF&E™¥6b shows schematically an SQ versi on S8ETGH81YEHer di ode
shown in Figure 26a in which an insulating |ayer 50 is fornmed underneath
the drift region 20 which facilitates g nore even distribution of the
potential lines within the drift region 20 and therefore 20 increases the

br eakdown abéiééyr'cga]tlgrequ 898x 1hd U1 NEohATEL 8L NLJdly G5 SO acts

as a very good etc e It rmat1on o nmenbrane 16
easier. To bamrbeeﬂﬂpasﬂthd baathmhb¢@£QMqum@WEE d2vofethe ngmbrrasmieonal , a
hi ghly ther é %fcondu e but _ele trlcally insulating 25 | ayer 45 (not
shown) may gg § S5t 6*EHE %%ck of  the nembrane 16 of the devices
shown in Flgures 26a and 26b. This layer 45 may be formed by sputtering or
ot her s of deposition as one of the | ast Eggggssin s in the

fabrlcatl n of tHE-Phker bentdgPaPeleRdriqers H%sﬁg?%e &bve. WO

02/ 25700 PCTé@i}iJéM:&lla metbrhger Gedide SiipWhes eBeabE Cal powan Eoaepl e of a
menbr ane ode which conprises a drift region 20 fornmed by two | ayers

100, 101 of dFPT et 0 omAWEE Greger ypee GPRINGr FIRGERLTRF IR AT Hen@ on top

of the ot herdrﬂ‘@sﬁeqﬁid@%r%slgﬁ 1Rd ARy $ezhermed, Ryrepitayigh growh or
preferably by i1nplant of one |ayer 101 |nto the other 102. For a 600 V

power diode, lehgtidopl iy conGeptw. at The tHidknesst wi skel dohfiuctared agers

101,102 forming the drift region 20 may be between 101fi and 5x1016/cnB
with a | 89gt Rapfb@datgyeen 0.2um to 20um. The doping of the drift

region 20 need ncot be constant and can vary from the source
end to the drain end. For example, at the source end the
doping may be 8x10*¥/cm® while increasing linearly to
3x10*/cm® at the drain end. For simplicity, only one cell

15 of the diocde is shown. Figure 26b shows schematically an
S80I version of the power diode shown in Figure 26a in which
an insulating layer 50 is formed underneath the drift
region 20 which facilitates a more even distributicn of the
potential lines within the drift region 20 and therefore

20 increases the breakdown ability of the diocde. 1In addition,
the insulating layer 350 acts as a very good etch stop and
hence it makes formation of the membrane 16 easier. To
help remove the heat while the power device is operational,
a highly thermally conductive but electrically insulating

25 layer 45 (not shown) may again be placed onto the back of
the membrane 16 of the devices shown in Figures 26a and
26b., This layer 4S5 may be formed by sputtering or other
ways of deposition as one of the last processing steps in
the fabrication of the power integrated c¢ircuit as

30 described above.



10 40 m The thickness of the two sem conductor |ayers 101,102 is between
O0.1mand 20tm |If the top sem conductor |ayer 101 is fornmed by inplant,
then the doping concentration of the top layer 101 will be higher  than
that of the bottom sem conductor |ayer 102 and hence, 15 in order to

mai ntai n sPE Y25 ™ harge equilibriumwhile the drift regi®i/eBI10421gep| et ed,
the thickness of the top layer 101 is preferably |less than that of the
bottom | ayer 102. Figure 27b shows schg gatically an Sal version of the
power diode shown in Figure 27a, whereby an insulating |ayer 50 20 is

formed underneat iy Qedéb%tsﬁSQé %Eﬁg%5t¥ggllf ﬁ%a§%§ﬁﬁéﬁfa £ Righly thermally

conductive but eIe rical I nsu I'ng laye own) nmay agai n be
pl aced undemmm&hanﬁenbwanediodéawmianzﬂnmptheesean@%dftﬁrdgxﬂn 28s descri bed

' I h 3 mb
pover i ode SOHIESPYT Eop oy RORt B F{did G ho et e PR Yob B sover a

pairs of n, pa rre@n:maagédlovéiﬁldasbpm ion thp «f ztipd astcheatiCh Thizge they form
transvers é |ons in the z dlrec i on. The dt hs of these n,p Ilayers

110, 111 r@a 9 HETHERVERR P HdeBﬁFax FIEDt &ent s a sl
fraction of ﬁﬂﬁ'erra!ﬂ?t 53! ihenghd. oﬁl\ladéZ/la%QOlE‘ETi@er%%&eﬁ&oihl S

ensures that the dri regi on 20 depletes faster in the z direction than in
the x d|rectEQﬁ1aaﬁBOtNeP@WBFedl?ﬁ#mﬂR§¥ sioringr pyneenra kY iodsitdel ayer in

the voltage ¢ QekiiR8nAREEor FOLy éX%?% Q%!'%Srmiﬂg éﬁ%wﬁékfﬁ ﬁéﬁﬁoﬂf'ft 5

regi ons 20 (|n t he x dlrectlon r oxi mat e dopi ng of
the n,p regl%@aﬂbelbﬁtmsmbé’il’beﬂuéewcmf /i@?'lcm;tand @Rll@gll‘a?ﬁ:rﬁ? to

Preferab&g Eguimp P ngkgggk%%gélgg'the two semiconductor layers

101,102 is between 0.1pm and 20pm. If the top
semiconductor layex 101 is formed by implant, then the
doping concentration of the top layer 101 will be higher
than that of the bottom semiconductor layer 102 and hence,

15 in order to maintain spatial charge equilibrium while the
drift region 20 is depleted, the thickness of the top layer
101 is preferably less than that of the bottom layer 102.
Figure 27k shows schematically an SOOI version of the power
dicde shown in Figure 27a, whereby an insulating layer 50

20 1is formed underneath the drift region 101,102. An
additional highly thermally conductive but electrically
insulating layer 45 {(not shown) may again be placed under
the membrane to facilitate the removal of heat, as
described previously.

25

Figure 28a shows schematically an example of a 3D

membrane power diode. The drift region of the 3D power
diode is comprised of several pairs of n,p regions 110,111
digposed in the x,z plane such that they form transverse

30 junctions in the z directlon. The widths of these n,p

layers 110,111 may typically be between 0.2um and Sum,

which represents a small fraction of their typical length.



are formed by inplanting one layer (e.g. an n layer) 110 into the other

| ayer (e.g. a p layer) 14. Therefore, the 10 dopi ng concentration of .the

i npl anted | ayer 110 is higher than that of the background |ayer 111 and
hence to maintain the charge equilibrium the width of the inplanted | ayer
110 is pref¥Q@ 80 mal | er than that of the background | ayBfT/CE4{0421E 5,r ™ 28p
shows schematically a SO variant of the 15 exanple of Figure 28a. Again, in
each case, an electrically insulating byt thermally conductive |ayer 45
(not shown) may be deposited to extract heat. Figure 29a shows schematically

an exanpl e ofy s ShiMihSs 204248 TRIDEANE AR BYOREET ot Thesdloid o6 el oy the

concept descri above for the 3D nenbranhe power 0 support a very
hi gh vol t agethetZebird¢did goimhea andthe ak rdiregatileal sndwhhéeeford he vol t age

bl ocki wh J h d ' ) he.,dey] ' | m |
convent | onal SYETARRER SR (o et ek DL LgHPS H3alnE: BEF@ b ahove -

schenat i cal | yleckdg wardeant refr bheoexadeticenf thiegleagfBacf #Agaidxifitn each
case, an electrically insulating but thermally conductive |ayer 45 (not
shown) may beegikpusidhd in hex s déreneten) wwéguﬁépsexw@v\slsscﬂbm-i cally

the concept ot o0 Ri® TP FRIT I Ty et HEEHER 0% 02/ 25700

PCT/ GBO1/ 04210°°/20° supsh1 0d° A’y hPybfewililage thet wepnregéosoukide Jaid drain

AL e SRS, RSt B R 5 SR EELLGE AP (ne

t hrough the imemdlpe SotHar desretaneogcus . p Biyardr 1eondrhtrefioran tdeso t ake

pl ace 10 doping concentration of the implanted layer 110 is higher
than that of the background layer 111 and hence to maintain
the charge equilibrium, the width of the implanted layer
110 is preferably smaller than that of the background layer
111. Figure 28b shows schematically a SOI variant of the

15 example of Figure 28a. Again, in each case, an
electrically insulating but thermally conductive layer 43

(not shown) may be deposited to extract heat.

Figure 29a shows schematically an example of a gingle
20 gate membrane 3D LDMOSFET. The device employs the concept
described above for the 3D membrane power diode to support
a very high voltage between the socurce and drain terminals
while in the voltage blocking mode, whereas in the
conduction mode the device is similar to a conventional
25 LDMOSFET and the device of Figure 23a. Figure 290 shows
schematically a SOI variant of the example of Figure 28a.
Again, in each case, an electrically insulating but
thermally conductive layer 45 {not shown) may be deposited
to extract heat.
30 '
Figure 30 shows schematically an example of a double
gate membrane 3D LDMOSFET. The device again employs the

concept described above for the 3D membrane power diode teo



by injection of electrons into the p drift layer and of holes into the n
drift layer. Referring now to Figure 31, another exanple of a 10 nenbrane
power sem conductor device 10 according to the present invention has a

sem conductor substrate 11 and a thin layer 13 which conprises at |east one
sem conduct®¥? 9233%er 14 and has a top surface 15. The sub8¢F&B&LUU#H1IN,s a
bottom surface 12 that forns the main bottom surface of the 15 devi ce.
During manufacture, a portion of the sqgﬁLrate 11 below the thin | ayer 13
is removed up to the thin layer 13 to define a nmenbrane 16 with a top

surface 15 a t r.f ac pd 6aS ' ermnal_Jayer 103 is
attached to ?‘ggﬁ%%ft%%msrtﬁ ace %?%%%éil# con%lag?l%wg?hggéeg%dﬂs%ﬁ conduct or

| ayer 14. | ntarpimfles r edretdhedicondtict Sen dnodeer whealdelrdyer 1403 may be in the

formof a netal

| ayer. depqsited.fromthe hack side.of the device 10 after
the rmenbran8d6rT efq)rvrfﬁg%x% EHSI @'%?W%a&?ﬂepéﬁpﬁﬁgegh%at%t%c ayer 103
may extend fERat téel geeidy -al10klofbadudtticg 2hrbaghothBen n@hd ot t om surface
12 of the device 10 and is preferably in contact with_an external heat

sink. The5 JBFFERET O iIEI Gt BRSLABROFMIHSN FAPN2LEP nF#H BUGFe appl i ed

to the top Sﬂ%fﬁ@f‘eéﬂoﬂ L UIREWE Intda ey aeRgUCi Qpet ayed J# and
preferably within the nenbrane 30 16, such that in the on-state current

conduct i on bBeheRrinthdhmim dxdiftt érWeRal 104 and the main bottom terninal
103 is substantially vertical and perpendicular to the top surface 15 and
t he nenbrane bottom surface 17. The device WO 02/ 25700 PCT/ GBOLl/ 04211 -41
may have a cont r cReferminminck03 opFagede o¥l t ractirefraesamBle oof cont rol t he

current g WgeReLce B0 SLNAhA0d03: 1001051 RABLATRY! €5 i contains a
present invention has a semiconductor substrate 11 and a
thin layer 13 which comprises at least one semiconductor
layer 14 and has a top surface 15. The substrate 11 has a
bottom surface 12 that forms the main bottom surface of the

15 device. During manufacture, a portion of the substrate 11
below the thin layer 13 is removed up to the thin layer 13
to define a membrane 16 with a top surface 15 and a bottom
surface 17. At least one main terminal layer 103 is
attached to the bottom surface 17 and in contact with the

20 semiconductor layer 14. In a preferred embodiment, said
terminal layer 103 may be in the form of a metal layer
deposited from the back side of the device 10 after the
membrane 16 is formed by single side back-etching. The
metal layer 103 may extend from the membrane bottom surface

25 17 to the main bottom surface 12 of the device 10 and is
preferably in contact with an external heat sink. The
device comprises at least one further main terminal 104
applied to the top surface 15, in contact with the
semiconductor layer 14 and preferably within the membrane

30 16, such that in the on-state current conduction between
the main top terminal 104 and the main bottom texminal 103
is substantially vertical and perpendicular to the top

surface 1% and the membrane bottom surface 17. The device



the first thin layer 13, within the sem conductor |ayer 14. 5 At least a
portion of the drift layer 20 is placed within the nenbrane 16. The drift

| ayer 20 supports the high voltages applied across the main terminals
103,104 whil st the power device 10 10 is off and bl ocks the vol tage across
the main t SFROHE 103 and 104. During such operating noBET/GBREAN ft | ayer
20 becones partially or conpletely depleted of nobile <carriers and the

equi potential lines in a cross-section of the device 10 are parallel with
the top surface 15 and the 15 nenbrane “Béftom surface 17 and substantially
uniformy distributed between the top end of the drift layer 20 and 'the
bottom end d¥ay H&avEr of cophyel permimdl dFoPARCER PmetRebiuriace 15 GAder part

of the thin G0.ldyeheluLe8ULt Bolibdh REL! ik 80Fs0Li1bofyRAR e on-state

resi stance and the breakdown perfornance. e uni stri'bution of the
potenti al | iThes foweirddevhigediPf contapingn a dyifhelapedrahep I adedaisidei n i deal

br eakdown v r gi t 'cKﬁﬁﬁﬁ ok pLh I 9%59 X cause the
25 substratgh%%qﬁ§%$e§§%gdi%ﬁggrP%hr 0 nt%egtﬁ?ﬁ{+éé%# ) qaﬁ%grgsfs no
subst r at espaxasidast @ gotcioal cfnche hizrifikl layesi 30 abe eplanckd sdltatinon (not
shown) fronqéﬁhergﬁgviceﬁsand circuits present in the chipis easier to
make. The teEtHTAPRFer°103 is preferably highly thermally 30 conductive
to help dissipation of heat fromthe nenbrane region 11 to an external heat
sink (not shown). WO 02/25700 PCTI GB01104211 -4é,Figure 32 shows
schematical |y an BXafflié ot 34T nefibfEROSSnEPS dRYIR eV 20 3O MGt t he
present invepdtdts tihe Waliahtdidi RALK-5i1dQ oat Rk 08t | Shelseslwd® dqaagduce the
menbrane 16. The walls of the remaining portions of the
10 10 is off and blocks the voltage across the main terminals
103 and 104. During such operating mede, the drift layer
20 beccmes partially or completely depleted of mobile
carriers and the equipotential lines in a cross-section of
the device 10 are parallel with the top surface 15 and the
15 membrane bottom surface 17 and substantially uniformly
distributed between the top end of the drift layer 20 and

the bottom end of the drift layer 20.

The removal of the substrate 11 under part of the thin

20 layer 13 results in a better trade-off between the on-state
resistance and the breakdown performance. The uniform
distribution of the potential lines inside the drift region
in the membrane 16 results in ideal breakdown voltage for a
given thickness of the drift region 20. Because the

25 substrate 11 is removed under part of the thin layex 13,
there is no substrate parasitic electrical and thermal
resistance and isolation (not shown} from other devices and
circuits present in the chip is easier to make. The
terminal layer 103 is preferably highly thermally

30 conductive to help dissipation of heat from the membrane

region 11 to an external heat sink (not shown).



5 substrate 11 are vertical as shown in Figure 32. Follow ng the nenbrane
formation by dry etching, a termnal layer 103 is applied to the nenbrane
bottom surface 17 to formone of the nmain term nals of the device 10.- As
previ ously expl ained the dry etch has the advantage that the volunme 10
occupi ed byWOHa2H8®h in the substrate 11 is no |onger dep@GA&GRILIIL he

t hi ckness of the substrate 11 and therefore the area of the nenbrane 16 is
easier to control. Figure 33 shows a cross-section of the device 10 shown
15 in Figure 31. In this exanple, a term™ation region 106 of the device 10

I's placed outside_the rane 16 |l st _the _active regign_ 18 is placed
within the membrantd 1& Hﬁ%éhQW§'ﬁFﬁ§P?§hc§i%ﬁ(ﬁ? Foé™p eu?gdain power devi ces
to suppress mphbr@iergowscakdawe ab kbeotdigey afo the gevsent 1Onwhidied he 20
devi ce bl ocks the, voltage b%%meen the. main, termnals. The termnation

regi on 106 doBsWhoth p‘i“ékg barkididee SFERENT Nt g HPe% Fos PECEVGRIE MR nce

substanti al | yefiBrane rent comduplil@n oft eKe SrdhAG8 rig) poke ibakNbAaEAON regi on
106 during on-state operation. To minimse the on-State resistance and
power 25 |fos8BBStrate slHexie HAE1CRAL 26 hehewn 40 |Fagawre202is BRLIMWINT as

possi bl e. HOWRKehemh Pa Sl PRSFdard dH BReRpr | &l dlheindevige. £dgp and

thus force actual breakdown to occuf In"the active region, the termnation
regi on 106 i ¢=2prppkiedde chedananiraker bofeem thinfaceasdntot Aermceie @k egi on

18 is 30 pla | NS] Eﬁﬂ?f 1 eqi whi.|_s feraply the

term nation ?ggi%ﬁfﬁgg?%ﬁf% outgﬁgget gﬁﬁg%gganeafB%%%QEOEF cker layer than
t he nmenbr aneexflaiined t Eten degt iadrrhl @G =i hhe tddwwareaapltdalienhti vsldmeom havi ng a
substrate 11 underneath WO 02125700, PCT/ (GB01104211 .- 43 ich facilitates the
spreadindibeFﬁgp%%§?%¥i%ﬁFrQQﬁ(ﬁ? %He ﬂpégiﬁﬁ Kotluné R F8RERE devi ce 10

bl ocks the higgpe¥@#806n the thickness of the substrate 11 and

therefore the area of the membrane 16 is eagier to control.

Figure 33 shows a cross-section of the device 10 shown
15 in Figure 31. 1In this example, a termination region 106 of
the device 10 is placed outside the membrane 16 whilst the
active region 18 is placed within the membrane 16. The
termination region 106 is used in power devices to suppress
premature breakdown at the edge of the device 10 while the
20 device blocks the voltage between the main terminals. The
termination region 106 does not play an active role in the
on-state and hence substantially no current conduction
takes -place in the termination region 106 during on-state
operation. To minimise the on-state resistance and power
25 losses, it is desirable that the drift layex 20 is as thin
as possible. However, to support a higher breakdown at the
device edge and thus force actual breakdown to occur in the
active region, the termination region 106 is preferred to
be thicker. For this reason, the active region 18 is
30 placed ingide the membrane 16 region whilst preferably the
termination region 106 lies outside the membrane 16 on a
thicker layer than the membrane 16. The termination 106 in

this example benefits from having a substrate 11 underneath



across the main termnals. The termination region 106 and the substrate 11
may have a different doping than the drift 5 layer 20 placed wthin the
active region 18. In a preferred enbodi ment, the substrate 11 is nore |owy
doped than the drift region 20. The tern1nat|on region 106 can be in the
form of hi gPY>&BPfed floating rings (known per se) encirEFFR§THE active
region 18 of the device 10 which 10 help to spread the depletion region on a
| arger area at the surface, each pair__% rings withstanding in the space
between them a fraction of the total voltage, thereby reducing the risk of

edge prenatuf h terni rin
term nation, ﬁlgﬁ 1@(5221\,#%5}%3] ?‘hel EP ?Qﬁf@o;&gdlﬁ@%\gﬁﬁgifg '?%‘n pers.
Al ternati vel ¥, wi@ertmlnmmmenayiebeeviné he blooksf ohen high J\wl(!:talgfén

term nation extensiaqn (JTE) .or fiehd plq? tern1nat|on 0 Figure 34 shows
in detail an®*EXa%ple oM Ralsyertht feTBonat INPcERs %Edﬂﬂﬁ' to the

present inveghkOsubstrady Clt e asvkve deicrentd depihai BBan €hd fdriFegi on 20
of n conductivity type placed within the menbrane 16 with a termnation
regi on 106 pha¥ed tkiared iethdRbEaferfeigioreddons18n tRid exanple, the

ternnation pegkePrddlediSod B0l tnsey bl rAANGANYKI ﬁqokle%m[g dugll y doped
p-type rings 107 and a final hlghly doped n-type depletion stopper ring

108. The poﬁbﬁnl\IEE:EiT#ﬁ's HAPnY 28epeBhn - ttwéln@@era@ergegoanws dnram n 122

:)gglyglnlsl con/ netg*iaﬁ%lg%e%?ﬁgéf)vﬁgﬁgggt egglﬁg’ng Pg?%?%(nﬁél%‘%@ e source
t er m nal 104seisem¢zmmihngluhmeammpvsurégmnﬂ:m$ afd theeddrvaca temvhiical 103 is
attached Lo LDe, ESDLANG DULLBAEEDEE Mol S5 324840 Q22T OUne
surface, each pair of rings withstanding in the space
between them a fraction of the total voltage, thereby
reducing the risk of edge premature breakdown. This
termination, known as floating ring termination, may
15 comprise field plates and channel/depletion stoppers.
Alternatively, the termination may be in the known form of
junction termination extension {(JTE) or field plate

termination.

20 Figure 34 shows in detail an example of a membrane
vertical power MOSFET according to the present invention in
which the active region 18 contains a drift region 20 of n
conductivity type placed within the membrane 16 with a
termination region 106 placed outside the membrane region

25 16. 1In this example, the termination region 106 is made of
gseveral concentric fleoating highly doped p-type rings 107
and a final highly doped n-type depletion stopper ring 108.
The power MOSFET has highly doped n-type source 109 and
drain 122 regions, an insulated gate formed by an

30 insulating layer 121 and a polysilicon/metal layer 105
which acts as a control terminal. The source terminal 104
is placed on the top surface 15 and the drain terminal 103

is attached to the membrane bottom surface 17. The source



term nal 104 contacts both the source region 109 and the p well 120. The
drain termnal 103 contacts the highly doped n-type drain region.122. The
operation of the MOSFET in the on-state relies on the formation of "an

i nversion layer 5 at the surface of the p well 120 when a gate voltage is
applied to WRE22GM rol terminal 105. In this node, el ect PEREBAVE21I
transported fromthe source region 109 via the said inversion |ayer forned
in the p well 120 through the drift regyon 20 to the drain region 122. To
mnimse 10 the on-state resistance, it is preferred that the drift region

20 is thin apshiglaat inval yoRBEeBi Bty thePedueerPAEsfon 1hd NRGSHRat pate 11.
During the off-state, when a high volta%§3|s aEplled across the nain
i~ -c 6AP

terminal s 10840A20-he Ther Arainechponined il eeEs vt gHiahda éppadhil e
carriers 15 ANdipRANLS feieohdi 98t HATHkOR:9bnt hE Al RGN sphe act i ve

area. The potential lines i'n the drift region are parallel to the top
surface 15 afpikeke tde Shaver a9 iBst opnfhe idrmes 107 afidan diavension fleyery

distribut go {nside 1o Lt chavgrydh: ol LAga! & gloati @i dRoian 106, the
20 depletion region has nore roonito spread inside e su rate 11,
t her eby avoi appif &t dadithg obnpobkntemmbindlngss. antinprleistmode,br eakdown at the

edge of the i ft region. __The substrate may _be nore | o dqoped than the
SuPTace | of SHECTEPR AIE SAPPERPERCA 0 ShdenBCHF PR LYEkTTon 0 T3t 25 ahoul d
be noted thathd heriel iisversibant hpet YEdimedn-igt 8he pCueIBNt2C @Mddazhon in the

term nation region 106 and therefore the thick and relatively |owly doped
substrate 11theddiforediracfabvetieldraife T6H18Rat 2 r eI MHACELERd does

not add addi{hOna- N reassesnas, Woulid havespeen BRaOtRS Wagtexpected if
the substrate 11 had been present under the nenbrane 16. It will be

under st ood tFedigm20 dismybila apd rekatinedynaprst highly deged KOMEBEERT | s
only to the substrate 11. During the off-state, when a high

voltage is applied across the main terminals 103,104, the
drift region 20 is completely depleted of mobile carriers

15 and supports the largest fracticn'of the veoltage in the
active area. The potential lines in the drift region 20
are parallel to the top surface 15 and the membrane bottom
surface 17 and ideally uniformly distributed inside the
drift layer 20. In the termination region 106, the

20 depletion region has more room to spread inside the
substrate 11, thereby avoiding crowding of potential lines
and premature breakdown at the edge of the drift regiom.
The substrate 11 may be more lowly doped than the surface
of the termination region 106 and the drift region 20. It

25 should be noted that there ig substantilally no omn-state
current conduction in the termination region 106 and
therefore the thick and relatively lowly doped substrate 11
does not affect adversely the on-state resistance and dces
not add additional power losses as would have bheen

30 otherwise expected if the substrate 11 had been present
under the membrane 16. It will be understoed that for
simplicity, the internal structure of the MOSFET is only

shown in two dimensions in Figure 34.



shown in two dinensions in Figure 34. WO 02/ 25700 PCT/ GBO J04211 -45 Figure
35 shows a schematic perspective view of a 3D nenbrane power device 10 with
a termnal 103 placed on the bottom 17 of the nenbrane 16. The drift region
of the 3D 5 nenbrane power device is conprised of several pairs of n, p

regi ons 110W9P022H¥M&posed in the x,z plane such that they PEBIGRIHGHsverse
junctions in the z direction. if the regions 110,111 are thinner in the z
direction than in'" the vy direction, thasdrift region 20 depletes faster in
the z 10 direction than in the y direction when a high voltage is applied
across the main bottomtermnal 103 and a top main term nal (not shown)

pl aced on the towFigifeacs FhowihhsSsclasiyies peirgbettbtreaktomwnodhi 30ty and
that the potential lines are paralle| to the togasurfac 15 _and the bottom

15 surface 1FRMRRERAET BVEGeund 18t 2 GSITiPB &8° R3S Qthdhgrift

region. Figupestaipat @Beheshowbeshensd i Calley a3l £eX 28Rk en 0f & hameiphod of
fabricating a device 10 according,to the present 20 invention. In this

exanpl e, BheNeRPFRISRAWer3 IEFAHFRI $8sCHPLEAY Ahd§eVBEAL BhRITI L uAdeP whi ch

i's provided %Qg&ﬁ@%d,@ﬂ AilsBYsdi € Ly e, 2P 18RdeLurhi £had ScHy¥yoVi ded the
substrate 11. I n the exanpl és descri bed above (for exanple w'th

ref erence t offryureargyvensee jvasréonduin orhez disckaes. 11Ihethay the buried
i nsul ating l?é?ioﬁg)if% djgg%&%athnﬁEPpﬁfg¥R%;E?%%é?%gﬁneﬁﬁ%%2ﬂ12%%%’the

buried insu I ng layer acting as an orm rane 16,
as shown in FidgirectlGm, Ithet dirsfexaepien 25 depldieat Edster Figurle 36b, the

POrC1On ! B ULRS A0 TLAL! D00l U an SR OH RS RS, Pt o of
applied across the main bottom terminal 103 and a top main
terminal (not shown) placed on the top suxrface 15. This
ensures higher breakdown ability and that the potential
lines are parallel to the top surface 15 and the bottom

15 surface 17 and substantially uniformly distributed across

the drift regiom.

Figures 36a to 36c show schematically an example of a

method of fabricating a device 10 accoxrding to the present

20 invention. In this example, the thin layer 13 comprises a
gemiconductor layer 14 under which is provided a buried
insulating oxide layer 50 under which is provided the
substrate 11. As in the examples described above (for
example with reference to Figure 9), the semiconductor

25 gubstrate 11 below the buried insulating layer 50 is
partially removed by back-side etching with the buried
insulating layer 50 acting as an etch-stop to foxm the
membrane 16, as shown in Figure 36a., In this example, as
indicated in Figure 36b, the portion of the buried

30 insulating layer 50 below the membrane portion of the
semiconductor layer 14 is algo then removed so that the
exposed bottom surface of the semiconductor layer 14

provides the bottom surface 17 of the membrane 16. This



exposed bottom surface of the sem conductor |ayer 14 provides the bottom
surface 17 of the menbrane 16. This WO 02/ 25700 PCT/ GBOLl/ 04211 -46 renova

of the buried insulating |ayer 50 in the region of the nenbrane 16 allows a
termnal layer 103 to be deposited on the back-side of the device. As
shown, in t%(Pé’”é%”ﬁ?‘rpl e, the bottomterminal |ayer 103 exPEREBOHHEH t he
whol e of the 5 bottom surface 17 of the nenbrane 16 and down the inwardly
facing sidewal |l s and under the bottom syrfaces of the remaining |eg
portions of the substrate 11. Figures 37 to 40 show schematically exanples

of a 10 nmenmbrane h-lev] O:wW . term nal .gttac i he nbr ane
bOttOﬁ]SUffggé |n:%g%$ﬁ¥%b¥g§ggab%&%%?%é%%ﬁegkﬁ?naa %%m?@%l%%ﬁ%ﬁ}éﬁfpomer
devi ces and the cuanlsragred 1dt dlopewer texdeiriadedayed E0gurte 1BE ddpswvesi tfedr

exanpl e four _penbrane .po eyices_each featuring i hdependent termnals
i four P R Gt st R REt Y t RE BBPFOm of FRLS fefEite. and
four nain tethepdtcl4grmdead QaybbeldDdmpxifenidae ofrepbt B8 ewholandepemdent
control termnals 105 can be used to caontrol .20 tae operation of each

i ndi vi duaP® pBReFCRHSHTACeTHY PowePe BRARTAE JPadld SAYEnebfetenidYi6 are

i sol ated fromeasd s NN N AMIGnEES! Bild WbttanekariQcas destd bed in
previous exanples. 25 Figure 35a shows a schematic cross-section of a power

i ntegrat ed cFPBiRing IAY FPddersi A o FwRScake pdwer device 10 with a
main termnal 103 applied to the bottom surface and | ow power CMOS and

bi pol ar devices 4 plAGed ) @4 shdgnblies BRIIANG11G- cfbhsLoaldyely, Lhe CVOS
and 30 bi pol ar dé%ﬁ§£s 41 can al so %e p aceé§MAt%?net éﬁnenbrane 16 as
shown i n 1B guewbB8ie @owar deyvdgar A0ewhenis degmidal attached to the

membrane bottom surface in an integrated circuit containing

low voltage/low power devices and circuits and other power

devices.

15 Figure 37 shows for example four membrane power
devices each featuring independent terminals with four main
terminals 103 attached to¢ the bottom of the membrane, and
four main terminals 104 placed on the top of the membrane.
Independent control terminals 105 can be used to control

20 the operation of each individual power device. The power
devices placed on the membrane 16 are isolated from each
other through isolation layers 19 as described in previous

examples.

25 Figure 38a shows a schematic c¢ross-section of a power
integrated circuit 40 which contains one membrane power
device 10 with a main terminal 103 applied to the bottom
surface and low power CMOS and bipolar devices 41 placed
outgide the membrane 16. Alternatively, the CMCS and

30 bipolar devices 41 can also be placed within the membrane
16 as shown in Figure 38b or on a separate membrane 16
formed over the same original substrate 11 as shown in
Figure 38c. Preferably the bottom terminal 103 does not

extend under the low power devices and circuits. The



formed over the sane original substrate 11 as shown in Figure 38c.
Preferably the bottomterm nal 103 does not extend under the | ow power . .
devices and circuits. The WO 02/25700 PCT/ GBOLl/ 04211 -47 exanple of Figure
38d differs fromthat of Figure 38c in that the isolation |layers 19 are

pl aced out SYB&HRY nenbranes 16. 5 The structures shown BERERAYIEHI |y in
Figures 39a to 39d are SQ corespondents to those shown in Figures 38a to
38d. In these exanples, the insulating_lgyer 50 is used as an etch stop to
formthe nenbrane 16. The insulating layer 50 also helps to isolate

i ndi vi dual déydn%gz,_ Wfaﬁggﬁgt RLg %%gg}_es tfti@ogll Eﬁé{@roé%‘_{ém the gybstrate 11.

Figures 40a to show mat | c y possible ways to ~integrate nore than
one nenbr anetipinwdheddweicd @ tipnhlayede pehdaet Pharad bortdide dvhe nal s 103 in the

sanme power intearated circuit 40. In the exanple of Figure 40a, two
power devi cégen?%tf anSa %Cb each having a respective bottom nmain term nal

103a, 103b are integrated on the sanme nenbrane 16. In the exanple of Figure
40b, an iBsul ati rhd ayaunchfiressshswd dahematdchbey nembr bnerdsH 3madtbel p
i sol ation of_ 20 indiyvidual devi ges Wi thin the pover, integrated circuit 40.

The exanpl e N9 AU UGOLEFPPERENET orft (HHQSSoF IR Ut ¥9% *BRatCt he outer

isolation |aysds 1% amRsR acafplessige ihelaerhgangyds. sohgs iusear aksol ation
| ayer 19 in the exanple of Figure 40c which separates the first power 25
devi ce 10a f#drEtHe SECFoH@® HORBr LR\ AE®HaDS LEmai RS WHRFHIRL iM% 1A¥/Er ane 16

as al so showgg i fn dh@AAMRLE 1851 5LV A1 AGRINALT Bt e & XFT & Qfithligure 40d,
t he nmenbrane power devices 10a, 10b havi ng i ndependent” bottomterm nal s

103a, 10380 rekpddtin diayesr d3pfaendtlen wiffEasat Lirenbr anes 16a, 16b

Figures 40a to 40d show schematically possible ways to
integrate more than one membrane power device with
independent main bottom terminals 103 in the same power

15 integrated cixrcuit 40. 1In the example of Figure 40a, two
power devices 10a and 10b each having a respective bottom
main terminal 103a,103b are integrated on the same membrane
16. In the example of Figure 40b, an insulating layer 50
is used to form the membrane 16 and help isolation of

20 individual devices within the power integrated circuit 4¢.
The example of Figure 40c differs from that of Figure 40b
in that the outer isolation layers 19 are placed ocutside
the membrane 16, The inner isolation layer 19 in the
example cf Figure 40c which separates the first power

25 device 10a from the second power device 10b remains within
the membrane 16 as also shown in the example of Figure 40b.
In the example of Figure 40d, the membrane power devices
10a,10b having independent bottom terminals 103a,103b
respectively are placed on different membranes 16a,16b

30 respectively formed above the same original substrate 11.
To isolate the membrane power devices from each other, a

further membrane 1l6c which may contain one isolation layer



30 respectively forned above the sane original substrate 11. To isolate the

menbrane power devices fromeach other, a further nenbrane 16¢c which may
contain one isolation |layer WD 02/ 25700 PCT/ GBU1l/ 04211 -48 19 is fornmed

above the original substrate 11 and placed between the adjacent nenbrane

power devi cB®03BHPM0b. Figures 4la to 41c show in nore deP&TIGBIKEHH es of a

5 nmenbrane vertical power MOSFET. Figure 4la shows a nenbrane verti cal
MOSFET accordi ng to an enbodi nent

and a polysilicon/netal |ayer 105 which acts as a control termnal.
sour ce t er miPritwermy thies agjacent opemhraneo poyarf eeidss akip 3P drain term nal

103 is attached to the nenbrane bottom surface 17. The source

contact s both thessaiveae 40t ans 109,00 LhGoRe 15| d2upithe drai n

termnal 103 contacts the
oper at i on5of me¢tteravieSFET tilealt hewen-MISRET .r eFigesrend tdhesfawarat i on of an

i nversion |layer. at the.sur acewg%g%ﬂﬁﬁﬁiﬁggg g%gmggqgfégﬁ%%ﬁégé&gge S

ypé draimn reg

appl i ed on tHERFSHE JETEECRINEP
transported ¢f athd heesewtcénvregt Otn hi¥ing ahet htosnl DM s G ldggyer for nmed

in the p we 120 t hrou t he t_ region 20 to the drain region 122.
o e bt ekl e Gl S, £t U0 S

t R [ mai n
dgpl eted of nobile
) ) fraction of the voltage in the active
area. ThéCpoimsitiatiing jla¥ex AZLhandra molysdiléaonimelal pka¥dl di®St o the top

During the

termnals 103rdf3#,12kheediibhl, M 88i ORs12Qtled 6aEB! £4Lhya Ay
carriers and supports the | argest

e R MORAER 42Ri &

surface 16 apgh 4ihe Jmgiane (BatEeM Siudliacs  17rA0dsb8Pal | Yerminal 104

15

20

25

30

is placed on the top surface 15 and the drain terminal 103
is attached to the membrane bottom surface 17. The source
terminal 104 contacts both the source region 109 and the p
well 120. The drain terminal 103 contacts the highly doped
n-type drain region 122. The operation of the MOSFET in
the on-state relies on the formation of an inversion layexr
at the surface of the p well 120 when a gate voltage is
applied on the control terminal 105. In this mode,
electrons are transported from the source region 109 via
the said inversion layer formed in the p well 120 through
the drift region 20 to the drain region 122. During the
off-state, when a high voltage is applied across the main
terminals 103,104, the drift region 20 is completely
depleted of mobile carriers and supporits the largest
fraction of the voltage in the active area. The potential
lines in the drift regiom 20 are parallel to the top
surface 16 and the membrane bottom surface 17 and ideally
uniformly distributed inside the drift layer 20. The
highly doped n-type drain layer 122 may be a buried layer
formed prior to the back-side etch which defines the
membrane 16. In this way, the n-type layer 122 may be used

as an indirect means to stop the back-etch using a known

t er m nal

power
of thg-present invention using the known
DMOS technol ogy. The power MOSFET has hi ghly doped n-type source 109 and

drain 122 regs ons.fortheldnabbebetngad S didaTedublt Agtd01i nodd qhideggl ayer 121

104



uniformy distributed inside the drift |layer 20. The 30 highly doped n-type
drain layer 122 nmay be a buried layer fornmed prior to the back-side etch
whi ch defines the nenbrane 16. In this way, the n-type |ayer 122 may be
used as an indirect neans to stop the back-etch using a known - 49

el ectrochem cal technique. To facilitate the electrochem cal etch, the
substrate 11 nmay be of p-type doping-téS erma junction with the said
n-type |layer 122. 5 The exanple of Figure 41b differs fromthe exanple of

Fi gur e 4la dlrcthaichdha drlghlactaoped n- tiypeEadridiin dtayathel22  is forned by
masked or bl .anket back-side deposition after the nenbrane 16 is forned. The
drai n ter meASCHERSIERIEH iS6F 10 Hife TSRS Hot W Gf k@ 1 Rf ter the 10

menbrane 1645 foredand 4 heued e Andl RHAYEL dl32 dye iTdyOduced in the
menbr ane 16 P?élr%ot he back-sirade oflthe devi ce. Fi gure}i)lec sh){)ws an exanpl e
of a menbrane vertical 15 power MOSFET according to an enbodi ment of the
present 5 invent iThre wsdang lfer erfclritectencalidgyli fHeersstimeedt urhes iaxammgur e lc

differs fromthat shown in Fi re 41b .in the way the jnsulated gate is
formed at tFHé‘TUtr(‘?p’&&fatlﬁ’etg‘(artugt QI Y depest MRS B g2 t he

inversion liayelhdnrd B8 hdddd i fardmd veyddicalilde stantdaldster
perpendicular to the ‘top surface 15. This structure has the advantage of
enhanced clhdenglemdaagiet i Ganid Hiayad padiliengraensitermifFisgurldss 42 to 42¢ show
in detail exanp! of vertical 25.1nsul ated te .0 palar Transistors (IGPT)
merbr ane pda\ﬁé:’g% gj\s/it(?est\ﬁlen m\mlfatcﬁwarﬁ [g’cﬂ%:tromcc?r?d:uf%eonlqw OIJhtlenr tH& drift region

20 suspende@nr®rake ey Rkl is@mtoyed viyed amich 1generald yicorrespond
to the nmenbrane vertical power MOSFETs shown in Figures 4la to 4l1c. The
mai n di ff edéfegedusechén the membrane 16 from the back-side of the

device.

Figure 4lc shows an example of a membrane vertical
15 power MOSFET according to an embodiment of the present
invention using trench technology. The structure in Figure
41c differs from that shown in Figure 41b in the way the
insulated gate is formed at the top of the structure. 1In
the structure of Figure 4l1c, the inversion layer in the 120
20 1is formed vertically, substantially perpendicular to the
top surface 15. This structure has the advantage of

enhanced channel density and higher packing density.

Figures 42a to 42c show in detail examples of vertical

25 1Insulated Gate Bipolar Transistors (IGBT) membrane power
devices in which bipolar conduction within the drift region
20 suspended on the membrane 16 is employed and which
generally correspond to the membrane vertical power MOSFETs
shown in Figures 4la to 4lc. The main difference in the

30 IGBTg is the use of a highly doped p-type hole injector
anode layer 123 in contact with the anode terminal 103.
Bipolar conduction of the current is substantially
perpendicular to the top surface 15 and is characterised by
conductivity modulation in the drift layer 20 to reduce the

35 on-state voltage drop across the drift layer 20. The



30 IGBTs is the use of a highly doped p-type hole injector anode |layer 123
in contact wth the anode term nal 103. Bipolar conduction of the current
is substantially perpendicular to the top surface 15 and is characterised
by conductivity nodulation in the drift layer 20 to reduce the 35 on-state
vol t age dr opO8¥?6e¥s the drift |ayer 20. The WO 02/ 25700 PaTY/GBOW4dU4211 -so
n-type buffer layer 122 and the p-type anode | ayer 123 may be forned prior
to the formation of the menbrane 16 as_gghown in Figure 42a or after the
formati on of the nenbrane 16 as shown in Figure 42b. Figure 42c shows a

trench 5 var qa&) ke g n 4&§, F yre 42a,
t he anode | a%/e 12%’utr$ayrbeggégdf2| %@t ?Iﬂ wp t?ﬁgl rec erlag et{(gl stop to
formthe ey dvemee. pﬁugur904Eh£eﬁurMababuwoéxahplmsmbﬁana pewes integrated
10 circuit cgntainin verti cal omer FET a, | u3|n trench

t echnol ogy an ‘@hg%é%&éggo 2535%9 ?gﬁggmi % %§Q: rgﬁﬁnple of
Fi gure 43a, Im@aje:\hb@as in0aigQbe 42331 umé.gumdepeudemmammaﬂch and are

i sol at ed ron]&ach r through th se of a third menr ane 16¢c and an 15
i sol ati ong %thgggﬁ%ﬂ%rﬁéré S%é’a'nléﬁ B89EF ¢280orfBd in the same
step and in ﬁfgﬁeem&pl ehey as€e Of ayer hackmaydBediye@t iy adtilghoesul ts in

vertical wal|s for the remaining |eg portions of the substrate 11 which, as

previ ously de¥Easddy &Feaﬁdﬁéﬁlﬂaﬁ%s’:q FPTBLERE NPRBOEA® Yetter control of
the nenbrane area and integrating a |arge nunber of devices within the sane

chip. The exanpl %l%reFugar Snd3h Lo XAnp¥aE! B8R 5 bl SRRl Figure

43a. The isolation layer 19 in this case |s place out si de the nenbranes
16a and 16b ecictuidgermérining twe rrtiswl2powes| MEEFEDs | il 0B0ughndr es an

effective isé%éﬁéﬂ”&é%&n%&%gy'and suspended on separate membranes
16éa,16b. In the example of Figure 43a, the devices 10a,10b
feature independent terminals and are isclated from each
other through the use of a third membrane 16c and an
15 isolation layer 19. The three membranes 16a,16b,léc are
formed in the same step and in this example by use of a
back-side dry etch which results in vertical walls for the
remaining leg porticns of the substrate 11 which, as
'previously described, are advantageous for obtaining a
20 Dhetter ccntrol of the membrane area and integrating a large
number of devices within the same chip. The example of
Figure 43b is a SOI variant of the example of Figure 43a.
The isolation layer 19 in this case is placed outside the
membranes l6a and 16b and together with the buried
25 dielectric layer 50 ensures an effective isolation of the
two power devices 10a,10b from each other. The examples in
Figures 43a and 43b show two membrane power MOSFETS
integrated in the same chip, but any other membrane powex
devices can be used in a similar way and isolated from each

30 other as shown in this figure.

Although the above examples refer primarily to

silicon, the power membrane devices of the present



two power devices 10a, 1(b from each other. The exanples in Figures 43a and
43b show two nenbrane power MOSFETs integrated in the sanme chip, but any

ot her menbrane power
each 30 other as shown in this figure. Although the above exanples refer

primrily t¥%Q0¥?29%%on,

devices can be used in a simlar way and isol ated from

t he power nenbrane devi ces of the PEEEEHYIND 02/ 25700

PCT/ GBO1/ 04211 -51 |nventi on can be built on other sem conductors, such as
for exanple silicon carbide (SiC), diafdbnd, GaAs, GN or other ITT-V
5 The drift

made of w dei:bmntigmpcaat bei huslt smcrotélszdisambooh;dumﬁss Gahard Bof or can

mat eri al s.

be made of

heterq_j un

sui t abl e matEHRR-S

reference t ormsidv med-ln.axsde but other insulating or sem - insulating
such as dianond, nitride or conbinations of nitride and oxide,
can be used. 15 The heat sink |ayer 45 can be nmade of dianond, alum nium

nitride, boron nithd dei@k 2b§etn NBd eidxdl SEWkchl £ ooed tﬁh%tlrdy@él hy insulating
properties and high thermal . _conductivity. 20 Some exanples of the thickness

of the nenbr&ie b%“ﬁ&\?eOfaWP-éﬁd?a%é?ﬂb“%ﬁré%%e sughhetsadipmopd, a | at er al
device, thezJRTDIRIE ahl BBY BRAVEaR Bdinfalaeds her ERS) driGRa EkhOas 10m or

mat eri al s,

20m or so.

Gener'al |y,

i

region as part of the first thin layer 13 can be

1308 SREGHER (5 BroBonTe Ger Ak OB PREFFIy wi th

in a vertical device, the nenbrane 16 may have a

t hi ckness i rfath@ndadd&adnconbinat bong SBORISE 30bkakke TBTATGR1S0.
Enbodi nents of the present invention have been described with particul ar
reference to the exanples

The insulating layer 50 is described primarily with

10

15

20

25

30

reference to silicon dioxide but other insulating or semi-

insulating materials, such as diamond, nitride or

combinations of nitride and oxide, can be used.

The heat sink layer 45 can be made of diamond,

aluminium nitride, borcn nitride or other materials with

good electrically insulating properties and high thermal

conductivity.

Some examples of the thickness of the membrane 16 have

already been given above. Generally, in a lateral device,

the membrane 16 may have a thickness in the range 0.1ium to

10um or 2Cum or so. Generally, in a vertical device, the

membrane 16 may have a thickness in the range 6um or 10um

to 60pum or 100um or 180um or so,

Embodiments of the present invention have been

described with particular reference to the examples

illustrated. However, it will be appreciated that

variations and wmodifications may be made to the examples

described within the scope of the present inventicn.



illustrated. However, it will be appreciated that 30 variations and

nodi fications may be nade to the exanples described wthin the scope of the
present invention. - 52 CLAIMS 1. A power seniconductor device having an
active region that includes a drift region, at |least a portion of the 5
drift region being provided in a nmenbrane having opposed top and bottom
surfaces, the top surface of the nenbrase -having electrical termnals
connected directly or indirectly thereto to allow a voltage to be applied

| aterally across the drift region, therhomgom surface of 10 the nenbrane not
havi ng a sem conductor substrate positioned adjacent thereto. 2. A power
sem conduct or device having an active region that includes a drift region

provided in a |%yz)5we‘§fh%e ¥&ha tt%i r&%vg_.rc%\/ihgﬁrg.tngjp ah %%Ei%%“q%g%%rﬁ at | east

substrate, "at least a portion o e seni con substrate
a portiontaktt hecduidets kegirdif theiend ongmaved esugeh at patrtsaird caft tHeeast a

portion of thg drift region is rqv%%ﬁd in a nbrane defined by that
por t i on “of IR bl ZFEH OBe PER \WhiPEH? V26 Ch d s EniTE8RdGE 0 UG PRROH8Es been

removed, tRe st QRa PHEERGE b e STERREARR NAVIIG Rl 84t e lndngiHal s
connected directly or indirectly thereto ?B allow a voltage to be applied

| ateral | y dewdsyg ehRecdriifalr ¢gironnals FonacMoBdc dritrnesitilabloe power

sem conduct.qor,.devi ce for use .in i ntegrated circuit, the device having an
active redflgﬁrfeﬁgﬁyi ﬁ%@ﬁﬁ%@ &R Egi S?Qtagte Ité’ag{e gpﬁ’gﬁ&idgn of the
drift regi oncbeangyprevicded the Arievbrarg hgviche bHeRRESEGIrdRNGhott om
surfaces, at |east one electrical 30 term nal connected directly or

i ndi redtd y the rREbEgHe SOt A6 189 fart eSS JeReé o8 SeStEAt S er mi nal

connected ,oqitioned adjacent thereto.

2. A power semiconductor device having an active region
that includes a drift region provided in a layer, the layer
15 being provided on a semiconductor substrate, at least a
portion of the semiconductor substrate below at least a
portion of the drift region being removed such that said at
least a portion of the drift region is provided in a
membrane defined by that portion of the layer below which
20 the semiconductor substrate has been removed, the top
surface of the membrane having electrical terminals
connected directly or indirectly thereto to allow a voltage

to be applied laterally across the drift region,

25 3. A MOS-controllable power gsemiconductor device for use
in an integrated circuit, the device having an active
region that includes a drift region, at least a portion of
the drift region being provided in a membrane having
opposed top and bottom surfaces, at least one electrical

30 terminal connected directly or indirectly to the top
surface and at least cne electrical terminal connected
directly or indirectly to the bottom surface to allow a

voltage to be applied vertically across the drift region,



directly or indirectly to the bottomsurface to allow a voltage to be
applied vertically across the drift region, - 53 the bottom surface of the
menbrane not having a sem conductor substrate positioned adjacent thereto.
4. A MOS-control |l abl e power sen conductor device for use 5 in an integrated
circuit, the device having an active region that includes a drift region
provided in a layer, the |layer being-pravi-ded on a sem conductor substrate,
at least a portion of the sem conductor substrate below at |east a portion

of the drifthd e@ieRnb&ng deMed wldenidinel Qcaihaind &ast a portion of
the drift region is provided in a nenbrane defined by that portion of the

| ayer bel oWaHICEMAXTE s REFTRIG drossiiisiest edvas e hasihved, and at

| east one electrical term nal connected directly or indirectly to the top
surface and at |east one electrical termnal 15 connected directly or

i ndirectly 4o t ke MoG-tcomtsurlfladd ¢ powad eerd cvoldaged adea apilaredise

verti cal%\% .across the drif .rgfchi.on. tgﬁ devi ce according to any of clains
1 to 4, thélei %e&m%}i&ﬂ e S SR idEd 0 the
nenbrane. GeARLHNEE AGRAHLD 4 AQraBL Qfe%kﬁd ol itedt iherelyer the whol e

of the drift region is provided in the menbrane. 25 7. A deviceé according to
any of cl aithe layvers bedapmirsiviigledaton eastermernidsitar avlsiratsuratoundi ng

the drift reqion.. 8. _A.devi ccordi. t | ai wher ei.n -t he at | east
one isol at ilé%% a;?e Oirstlﬁ)rnm?lcfge%el r?egéi%nﬁ@r%roallne@uésqrr? a 1soe'""rpa":{?lcat e

menbr ane t Qeexdtenrd goramndrhe ft afhes Wrfigae redg itdie baRnpnaie -t tdig-ibatHam
surface of the nenmhrane. WO 02/25700 PCTI GB01/04211 -54 9. A device
accor ditfy tighytofl @S fs PPIG- B orfhts sl t region is provided in

a membrane defined by that portion of the layer below which
the semiconductor substrate has been removed, and at least
one electrical terminal connected directly or indirectly to
the top surface and at least one electrical terminal

15 connected directly or indirectly to the bottom surface to
allow a voltage to be applied vertically across the drift

region.

5. A device according to any of claims 1 to 4, wherein

20 only part of the drift region is provided in the membrane.

6. A device according to any of claims 1 to 4, wherein

the whole of the drift region is provided in the membrane.

25 7. A device according to any of claims 1 to 6, comprising

at least one isclation layer surrcunding the drift region.

8. A device according to c¢laim 7, wherein the at least
one isolation layer 1s provided in said membrane or in a
30 separate membrane to extend from the top surface of the

membrane to the bottom surface of the membrane.



at | east one isolation |ayer surrounding the drift region and provided
outside the nenbrane. 5 10. A device according to any of clains 7 to 9,
wherein the or at |east one isolation |ayer is provided by electrically
insulating material. 11. A device according to any of clains 7 to 10,
wherein 10Y@ME2580 at | east one isolation layer is provi deE/EB0IP4MiIgh| y
doped sem conductor |ayer which in use is biased to provide a junction that
is reverse-bi ased or biased bel ow the ~#drward-bias level. 15 12. A device
according to any of claims | to 11, and further conprising at |east one
addi ti onal power AdBeVéEe AEGPHELIRD hd BaYr 8§i P HES |edst 8a FOFPFHARiRA whi ch

is provi de%@ﬂe%%EdoHEn?ééﬂQtP&i gmy}r%@egfﬁﬁMWﬂri%@ ;Légf_&ldevi ce

according to any of clainms 1 to , urther ‘conprising at~l east one | ow

vol t age deviawl prgvidedeonteidecthelimegpbranel ai m 13, wherein said at | east
one | ow voltage device is provided in said nenbrane. 25 15. A device
according to claim 13, wherein said at | east one |ow voltage device is
provi ded ®utldi.deAsdedimenbecanedividd.tcAadgvofechrions di g 199 ehareld5, wherein

id at | 30 | Ltage device. | ided.in afurth mbr ane.
VD 02125700 WETPERRF B53T1 988 RLokGR, eEeh R RRHG A By of claims 12 to

16, conpri dlxgtaticheagt inpalasbhqinaperiiayer, said isolation |ayer
providing electrical isolation between adjacent devices. 5 18. A device
according to claim17, wherein the said isolation |layer is placed on a

further menmbranea gevice according to any of claims 7 to 10, wherein
10 the or at least one isclation layer is provided by a highly
doped semiconductor layer which in use is biased to provide
a junction that is reverse-biased or biased below the

forward-bias level,

15 12. A device ac¢cording to any of claims 1 to 11, and
further comprising at least one additional power device
having a drift region at least a portion of which is

provided on said membrane or on a separate membrane.

20 13. A device according to any of claims 1 to 12, and

further comprising at least one low voltage device.

14. A device according to claim 13, wherein said at least
one low voltage device is provided in said membrane.

25
15. A device according to claim 13, wherein said at least

one low voltage device is provided outside said membrane.

16. A device according to claim 15, wherein said at least

30 one low voltage device is provided in a further membrane.



19. A device according to claim1 or claim2 or any claim 10 when dependent
t hereon, conprising an electrically insulating and thermally conductive

| ayer adjacent the bottom surface of the nenbrane. 20. A device .according
toclaiml1l or claim2 or any claim 15 when dependent thereon, wherein the
menbr ane cHPP{28¥E a seni conductor |ayer provided on an @Qﬂﬁ*ﬁ@@ﬂly
insulating layer. 21. A device according to claiml1l or claim2 or any claim
20 when dependent thereon, conprising @iechanically strong and el ectrically

i nsul ati ng Iayer prOV|ded under the nenbrane. ,22. A device according to any
of claims 1o 2%, dISHEfRidrcoslingetar #1Y ediléd™Fad2atRohbuni f or m dopi ng

profile. 23coﬂpﬂﬁyn@§ R CELHNPnle0 1 6bRA TR A2 1a%95 eknihhesdop vh
concentration of the drift region at a high voltage termnal side of the

device is réREEFVRTVIAT MEeatrdcad Hoplaigaroheswerat pdnactnt he drift

region at a Fggv%gltage termnal side of the device is relatively low WO

02/ 25700 PC$ 6 04211 -56 24. A device according to claim?22 or claim 23,

wherein ®he doping concentration of the drift region varies linearly from

one side of 18he drdévimexﬁannnﬂdngheootrﬁﬁm N3y Z@heéedavthe agtdrding to claim

1 or claim2_0 gg - a nt mhe dependent_ t erein the drift region
eas

conpri ses af° RG] o?nl%. Jk S8 EF Fﬁﬁ?lng conductivity

type arranged one above the other and in contact with each other. 10 26. A
devi ce accordlng t& Qﬁaﬁm % to_ 24, mhere&n the drift I i on
conprises alplrurdl fEVFoF ?%ﬁ gy to claim 1 or claim 2 or any cldim
10 when dependent thereon, comprising an electrically
~insulating and thermally conductive layer adjacent the

bottom surface of the membrane.

20, A device according to claim 1 or claim 2 or any claim
15 when dependent thereon, wherein the membrane comprises a
semiconductor layer provided on am electrically insulating

layer.

21, A device according to claim 1 or claim 2 or any claim
20 when dependent thereon, comprising a mechanically strong
and electrically insulating layer provided under the

membrane.

22, A device according to any of claims 1 to 21, wherein

25 the drift region has a non-uniform doping profile.

23. A device according to c¢laim 22, wherein the doping
concentration of the drift region at a high voltage
terminal side of the device is relatively high and the

30 doping concentration of the drift region at a low voltage

terminal side of the device is relatively low.



adj acent sem conductor regions of alternating conductivity type. 15 27. A
devi ce according to any of clains 1 to 24, wherein the drift region
conprises a plurality of laterally adjacent senm conductor cells of.
alternatin conduct|V|ty type arrayed around the plane of the deV|ce 20
28. A devi c¥OQ¥&BPUing to any of claims | to 27, conprisPRECEVERH nati on
regi on adjacent to and in contact wth the drift region, said termnation
region being provided to reduce the effegt of premature breakdown at the
25 edge of the drift region. 29. A device according to claim28, wherein at

least a porbkigon 8f aéheceadcbdRiifignabl eaifB P c1RliAced i pakdeithe
menbrane. 30 30. A device according to claim 28, wherein at least a portion

of the said t8enfRBEPINCPREFRITALLON aéebnedsiffe TastoanBigRe. - 57 31. A
devi ce accor q.'lﬁQaEQKaPi‘oﬂfoﬁé Ak 2% Eﬁe?’@rlf‘l‘."‘ef@g}l%n e vfll bEnEggion is

nore highly doped than at least a portion of the termnation region. 5 32.
A devi ce according to any of clains 28 to 31, wherein the drift region is

mor e hi gh'q/at apednt Bap; L be, . serd %g]%% Ligup S At Q 33 ﬁgﬁ@i&% of

formng a éral ‘power Sem condl eV|ce avi ng an act regron that
i ncl udes a dmihketn deggn@ﬂnttthemmﬂho@hewaﬁnlEMemﬂniﬁt:mggwbnotompniaemg, in a

layer prOV|de% ?gagts Qécggﬁgggégﬁctor layers of alternating

conductivity type arranged one above the othexr and in
contact with each other.

10
26. A device according to any of claims 1 to 24, wherein
the drift region comprises a plurality of laterally
adjacent semiconductor regions of alternating conductivity
type.

15
27. A device according to any of c¢laims 1 to 24, wherein
the drift region comprises a pluralit? of laterally
adjacent semiconductor cells of altermating conductivity
type arrayed around the plane of the device.

20
28. A device according to any of clajims 1 to 27,
comprising a termination region adjacent to and in contact
with the drift region, said termination region being
provided to reduce the effect of premature breakdown at the

25 edge of the drift region,

29. A device according to claim 28, wherein at least a
portion of the said termination region is placed inside the
memnbrane .

30
30. A device according to claim 28, wherein at least a

portion of the said termimation regiom is placed outgide

the membrane.



substrate, a power sem conductor device having an active 15 region that
includes a drift region; and, renoving at | east a portion of the

sem conductor substrate below at |east a portion of the drift region such
that said at |least a portion of the drift region is provided in a nmenbrane
defined by that portion of the layer 20 bel ow which the sem conduct or
substrate has been renoved-; and, provisding electrical contacts on only one
surface of the power sem conductor device, 25 34. A nmethod according to
claim 33, wherein said at least a portion of the sem conductor substrate is

renoved by wet etching. 35. A nethod accordi to claim3 erein said at
enet 030" Fhor oF Gk e R T beriad e (28 Thothy Boe i in ™

etching. - 9& $birA ol eyl ngidiol ¢l @i B4 dn cd@i Te 35 aherein said
at |east a portion of the sem conductor substrate is renoved using a buried
i nsul at i ng paywroraan-le diegropat o3 7regioret hod according to any of clains

33 to 36 conprising the step of applying an electrically insulating and

thermal |y conductive | ayer adjacent the bottom surface of the nenbrane. 10
38. A net hatb aceordiivnigzd Gadd @irdi iy, t Wi ot tdlenied exd ricadl y wmsxdkati ng and
thermal |y conductive layer is applied bé a_deposition process. 39. A nethod

of forning WM lontrediem & gower 1 el deVF ce for use in an

i ntegrated &l G lq,d deayice having an active region that includes a
drift region, the nmethod conprising the steps of: formng, in a |ayer

provi ded on a sem conduct or
10 33. A method of forming a lateral power semiconductor
device having an active region that includes a drift
region, the methed comprising the steps of:
forming, in a layer provided on a semiconductor
substrate, a power semiconductor device having an active
15 region that includes a drift region; and,
removing at least a portion of the semiconductor
substrate below at least a portion of the drift region such
that said at least a portion of the drift region is
provided in a membrane defined by that portion of the layer
20 below which the semiconductor substrate has been removeds;
and,
providing electrical contacts on only one surface of

the power semiconductor device,

25 34. A method according to claim 33, wherein said at least
a portion of the semiconductor substrate is removed by wet

etching.

35. A method according to claim 33, wherein said at least
30 a portion of the semiconductor substrate is removed by dry

etching.



substrate, a power sem conductor device having an active 20 region that
includes a drift region; renoving at |east a portion of the sem conductor
substrate below at |east a portion of the drift region such that said at

| east a portion of the drift region is provided in a nenbrane defined by
that portion of the |ayer 25 bel ow which the sem conductor substrate has
been renoved; and, connecting at |eastSéne electrical termnal directly or
indirectly to the top surface and at | east one electrical termnal directly
or indirectky ta thehbdtl berc3disd facelthamakkhowra lelitags t evHea-«appl i ed
vertically across _the drift region. - 59 40. A nmethod according to claim
39, wherei §238j @tatlePSasP PRIFGFN §F St BENLERTEHRIRt SHbsigetCatid i s

removed by Weh 8t EQii?@i a2 o1 g@%&qqt@agorlgyg& Q %'naie@&&st%gr;i n said

at least a portion o e sem conductor stbstrate 1s renoved by “dr
etching. 42. A nethod according to claim40 or claim4l, wherein 10 said at

| east a portion_of e .sem conductor substrate i,s r ed _using a buried
insulatﬁngBPayeP Egigﬁdeﬁ€ﬁo§%689'%§_aRYhQFh8§aéE?o§§?%§ 9§’any of claims 39
to 42, wheeghprigtnbease eRepsef e@Rdyeher ahayekdsidalngdusrdiiR its

i mpl antation, diffusion or deposition fromthe back-side of the device

fol | owi ng B8 fheraRldl ePNEREtidRblayer 44]agemst Fbe &eEHM wynfacany of
claims 39 to 43, wherein  a bottomterninal |ayer is applied to the bottom

of the 20 nenbrane, saird bottomterm nal |ayer being in contact with at
| east one sem conductor |ayer within the nmenbrane.

10 38. A method according to claim 37, wherein the
electrically insulating and thermally ceonductive layer is

applied by a deposition process.

35. A method of forming a MOS-controllable power
15 gemiconductor device for use in an integrated circuit, the
device having an active region that includes a drift
region, the method comprising the steps cof:
forming, in a layer provided on a semiconductor
substrate, a power semiconductor device having an active
20 region that includes a drift region;
removing at least a portion of the semiconductor
substrate below at least a portion of the drift region such
that said at least a portion of the drift region is
provided in a membrane defined by that portion of the layer
25 bhelow which the semiconductor substrate has been removed;
and,
connecting at least one electrical terminal directly
or indirectly to the top surface and at least one
electrical terminal directly or indirectly to the bottom
30 sgurface to allow a veltage to be applied vertically across

the drift region.
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40. A method according to c¢laim 39, wherein said at least
a portion of the semiconductor substrate is removed by wet

etching.

41. A method according to claim 33, wherein said at least
a portion of the semiconductor substrate is removed by dry

etching.

42. A method according to claim 40 or claim 41, wherein
gsaid at least a portion of the gemiconductor substrate is

removed using a buried insulating layer as an etch stop.

43, A method according to any of claims 39 to 42, wherein
at least one sgemiconductor layver ig introduced by
implantation, diffusion or deposition from the back-side of

the device following the formation of the membrane.

44, A method according to any of claims 39 to 43, wherein
a bottom terminal layer is applied to the bottom of the
membrane, said bottom terminal layer being in contact with

at least one semiconductor layer within the membrane.



