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DEVI CE AND METHOD OF FORM NG A SEM CONDUCTOR DEVI CE  The pr ' tion
relates to a sem conductor 5 device and to a nethod of forn@m@u&,mwmmﬂmm '
sem conductor device. The present invention is particularl with
hi gh vol t age/ power sem conductor devices which can be used as "#'%Crete
devices, in hybrid circuits and in power-10 integrated circuits and is
particularly concerned with field-effect transistors, such as power
MOSFETs, insulated gate bipol aSEMIQONDIICGIOR OECBTE) and ot her types of
power devices such_as diodes, i Stors angd i )

designed for use i ANY P8 OF FOR - ST 3R E
termnals (variously called the anode/cathode, drain/source and

emtter/collector) and the control termnals (ternmed the gate or base) are
placed at the s@hfapresenthdientden rokates tee b ea8i Fgndocheessi bl e.
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| ateral devices. Such devices are often integrated with | ow voltage
devices or circuits built in ,CIVDS—t%/gne or ot her Zg%standar d- EI agar ,
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devi ces miyh_bL?h LBh el ghudy tden Sahkachi Or dSPlabsopgni shprav dedubeiween
t he hi gh-power and thé | ow power devices as well as between adjacent power
devi ces. Twespdilscinedle idviiatédn B0 hehihd| obr esihavendndngeeweranel y
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field-effect transistors, such as power MOSFETs, insulated

gate bipolar transistors (IGBTs) and other 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 control 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 is between the main
terminals and is therefore principally lateral. Such
devices are therefore typically referred to as lateral
devices. Such devices are often integrated with low-
voltage devices or circuits built in CMOS-type or other

25 standard planar technologies to form power integrated
circuits. Several high voltage/power devices may be
integrated in the same chip. Isolation is 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-isolation (JI)

technology and silicon-on-insulator (SOI) technology.
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*000001* -2- In JI technol ogy,.a reverse-biased junction is used to isolate
adj acent devices. However, this is in many cases not satisfactory for
power integrated circuits since mnority carrier conduction through the
sem conductor 5 substrate (on which the active part of the device is
formed) can take place and interference between adjacent devices is
therefore difficult to prevent. In additi-&gr, JlI bipolar devices (such as
the lateral 1@&BT) also suffer from parasitic nobile carrier plasna stored
in the sem conductwrdlOtsuhsdliage,i B rheecasesbdbaeashijamdmaison ol dhengeioved

during turn-off. This decreases dramatically the sw tching speed of the
devi ces. | n KP13ERnAOIBGFRCa BULFES i nEQWEVRRg TS i UE PN ERRSS

i sol ate vertigal Ly {B5e2toBr§eFbeORAYRLON nk ke g lh&, 1 dI0td HiRe
sem conductor layer and, accordingly, current conduction is principally

restricted troindweltppcasenerondudtiot ibayséhrandht fédre senijgaoivcadty no
current in the bottonkseniﬁon u%hor I%%er in_any qg?q%?operation. 20
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of silicon") isolation. SO technol ogy offers better isolation than Jl
t echnol ogy béeaicest he bheredoirrsdidfilsylitafer et s 2B cafddhion, JI

conduct | on 30l 25 TRf BRI AN Jhe BUNSALS, i gh YOld Agfecer erom
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junction_30 includes a,relatively | owy doped sem cqnductor | ayer which
it hst anb. tFUSPAFGEEL I B FoRTGRTERe VHLCRpd R MR HE T G UF Mol s

when the deviggnisren thgiaf hett@b@e@N@ramatically 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 semiconductor 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 mcde of operation.
20 Horizontal or lateral isolation in SOI is typically
- ’ pravided via trenches which are filled with oxide or hy use
of the known LOCOS ("local oxidation of silicon")
isolation. SOI technology offers better iscolation 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 junction 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



operating in the voltage bl ocking node. This layer is -3- conmmonly 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 along the drift region between the two ends of 5 the
drift region. However, as shown by the 1-D Poisson -equation, for a given
doping of the drift region, the distributdi-on of the electric field has a
triangul ar shape or, when fully depleted, a trapezoidal shape. Since the

area under nedudrg, eteEsFieal i 8l dsCcanebarappr @xgeiedras skt mdrigakdown
vol tage when the peak of the electric field reaches the critical electric
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power devic a lateral transistor,
it is obv1ous that for a 1-D junctlon, the lower the doplng

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

30 effect. This diode 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 -4- the voltage bl ocking node. It
can be noted that the drift layer 1 is fully depleted but the

sem conductor substrate 2 is not fully depleted. The potential |ines bend
as they drop in the substrate, fromthe vertical direction towards 5 the
hori zontal direction, such that bel ow theshigh voltage termnal 3, the
potential lines are practically parallel to the bottomsurface 4 of the

substrate 2. pHhig i eaRUSeci hhembiLckness-oh Lhenserlcenduct e %wa%ttr ate
21is relatively large (typicalTy 300m conpared to the vertical 10
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i sol ation, which makes integration w.thi |nte%nated circuit very
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known. Figure |b also shows the ecz -potential line 30 distribution during
t he vol t age bhtoekilmy swdetratecan (bgpically 60um 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 field. Nevertheless, 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 poor isolatieon, 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 SOI 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 1lb 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.



seen that the potential lines cromd towards the edges of the drift |ayer
1, resulting in a poor RESURF effect. -5- Increasing the thickness of the
buried oxide 6 helps to redistribute the potential |lines nore evenly at
the top surface 5. However, in general, the breakdown voltage is stil
bel ow that of a JI device or JI diode as shown in 5 Figure la. Again, the
potential lines in the drift layer 1 and5t-he buried silicon oxide
insulating :layer 6 below the high voltage term nal are practically

aligned to therdwrimponiled swidacess TBEsthe Bueikd bhedeast Higls tthe

sem conductor substrate 2 is not entirely depleted. The 10 result is that
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5 which results in high electric field peak nd therefore | ogwer. breakdown
vol t ages.® | § &S i oh, 0728d tﬁ%vPEEEgtfﬁi @6H§§r&5tﬁgﬁ G ifffe layer 1

per pendi cul gpcamonanti & sihecsheskihe fhuxidensit ¥ aD=EE sathdigy taf of
the sem conductor layer 1/buried oxide 6 interface limts the 20 nmaxi mum
vol t age t hathitdie wktiage ok¢deiBataarsuprairhibefidye altieesy itid ddie el ectric

field in the sem canduct or er at .the interface s .reached. This

verti cal brggﬁﬁﬁﬂﬂgyggl%%r%ég%éry%g%?oﬁﬁ ﬁpﬁi%gthﬁ gﬁcfhgﬁlqk%ﬁﬁ%lvoltage
rating achi exsahleridictogi yebsbusted2oxsdacthetkiess:y d2plBHues. | muMmary,
in both JI and SO devices, the potential |lines have to bend froma
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and moreover have to align parallel to the insulating layer
6/semiconductor substrate 2 interface. This creates an
uneven distribution of the potential lines at the top
15 suxrface 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=€E 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
very strong limitation on the maximum voltage rating
achievable for a given buried oxide thickness.
25
Thus, in summary, in both JI and SOI 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 is far from ideal.
30
Moreover, when a power integrated circuit made in thin
SOI technology comprises at least a half-bridge

configuration, which involves two power devices operating



30 Moreover, when a power integrated circuit made in thin SO technol ogy
conprises at least a half-bridge configuration, which involves two power
devi ces operating -6- in different nodes, the device operating in the high
side node may suffer from pinch-off of the drift region during the
on-state. This is due to the high electric field in the drift region
caused by the high negative potential 5 efeated in the sem conductor
substrate with respect to the potential of one of the main term nals of
the high-sida dd€fiegent indded heatted adevoppaseatat ad ihethemheghdgctier 10
substrate in the SO technology is not passive in all operation npdes and
its presencBOAEsiPYs U feHddom it eh i § ovf ofle ndr pbtererarn AHEdNduri ng

t he vol t age | acki de, | CJ r u d o] nly
t the surt S8 of the sem canducrorhy at the Burred 15 onrdottas T

sem conduct ahei nrerffracediun taawerd ilgal thédriesddomegaTheel poapptdadh suffers
fromvery poor i%PLati n wWthin t$e power intqgrated ﬁircuit and thg
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circuits used in high voltage or power electronics, it is preferred that
the main t&eviisgl-s have a vertical orientation and are placed at opposite
sides of the wafer (e.g. with the low voltage 25 term nal at the top and
the high voltage terminal at the botton). These devices are referred to as
vertical high vdad age/gronesfsteyi gesar&onpared tbhel abadabndevitess, the

current]&JOM/betmeen the main termnals_is p[incigal[y , _
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
isolation within the power integrated circuit and the
breakdown voltage, although generally higher than in the
SOI devices, 1is 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
opposite sides of the wafer (e.g. with the low voltage
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 circuits. Example of known
high voltage/power devices are DMOS & Trench MOSFETs, DMOS
& Trench IGBTs and Cool MOS.




vertical and this results in a larger current capability 30 and a hi gher

br eakdown vol tage. Such devices are however difficult to use in integrated
circuits. Exanple of known high voltage/ power devices are DMOS & Trench
MOSFETs, DMOS & Trench | GBTs and Cool MOS. -7- For an optim sed trade-off
bet ween on-state/ sw tching/breakdown performance, the vertical devices
require a narrow drift region that is preflerably fully 5 depleted at ful

vol tage bl ocking. Such a |l ayer may have a thickness fromé6mto 180m for
devices rated from50 Vto 1.2 kV. Commonly the drift layer lies on a

hi ghly doped Serﬁcﬁorﬁﬂ@ﬁlrﬁi@é&r'@i:@deTBEfSB&EQ@BQU@hQ@t&ﬁWrate however
i ntroduces a series of ne ive effects on the 10 general perfornmance of

the devi ce. sMitsthing/hue Wy perparuantee EBS| ¥eghéealwhiedH dssads to

nOensed LAl DU o0 Seggtghyt Ler 181 BoLAL, %wy;:g%hlpw anode

injection su since the S rate

reduce the prwledeasses ful I heosudgerBleckingesi stahce, lblyer mjagcthaore far om
the substrate which acts as the anode (emtter) of the device is in nost
cases too sthicrkneswddion @t@nhtghlﬁelarnsfemdem@@ﬁu ngtedsfesemard I 6w

turn-of f du t.he | ar anmpunt,_ o asma red i nsi the rift
regi on durlﬁg J] ommqé$¥dgn %E % rate |ntrogg§ }hc¥%EF%al
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sink placed at the bottomof the device. Finally, if vertical devices are
to be usedhavevRegiateedereeunt §eTiRe pfederasive cideatiscion t

seni condyge tc#]ere ; ﬁé.ﬁfmgﬁcésetathgndg%t@een gdhagent; ¢ %%t%a&ee% very

difficult. een nunerous prior proposals for increasing the
br eakdown vgaegeitoic seastondoceor wiéehcéspads to increased on-state

power losses. Secondly, for bipolar 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 introduces a thermal resistance which prevents effective
dissipation of heat to 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 isolation between adjacent

25 devices vexry 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-60659396. However,

none of these prior art proposals has tackled the problem




particularly power sem conductor devices. Exanples 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 probl em of

i ncreasi ng the breakdown voltage by a detailed consideration of the
electric potential lines in the drift regron. 5 In WO A-98/ 32009, there is
di scl osed a gas-sensing semn conductor device. A gas-sensitive |ayer is
formed over ofa iMdolEE ihentsie Wiredkdswisedl tagheay thdegasisensitive

| ayer. The substrate on which the device is forned_is, back-etched to form
a thin menmbFaRé i ratd el ffareteciviFirehstrd2bet haﬁédlflh&?let R& iMEsFET
heater is arlgg voltage device (and as such does not have a drift region)
and, furthermore, the thin nmenbrane is forned bel ow the MOSFET heater
soIer to facilitate heating of the sensing area to very high tenperatures

and not to affect t fie potential Iine t he dev

US- A- 5895972 di scibdEs & %@4%%%&§n t%ﬁﬁﬁré?ugl?Sioségoﬁl 1§ °a %9§ﬁh§§nductor
devi ce durin@guikedasid g i cdebugosng-peasesidur 1agetevel FrmRld ofved
device. In place 20 of conventional heat slugs such as copper, a heat slug

of naterlakiﬂ«%ﬁFEE;h@@ﬂﬁ?pdﬁbh@htbslhﬁﬁd Fedhratf fhed9p6 -Seasiddiece. A
di amond heat; sl ug h ?ﬁgéd% 95ed. as ?ﬁehﬁééﬁdth tdebic@'é%'%%%ﬂe%h%ﬁ the

substrate on VICE IS can pbe th prior to applylng
the infra r%&d&idﬁéﬁﬁﬁaﬁ@nfoﬁﬁaa shug hembliendevnceheThensumgose-caf. this
t hi nnin of the substrate is to reduce transm ssion | osses _that qQccur

during ddl shtihdaneebubBrhgtbe MREFEdJeRratedsitfg & i itdd as&ans.
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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. In 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
ig 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 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 to 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



30 applied and there is no disclosure that the device is a power device
having a drift region. Mdireover, as stated, the purpose of the thinning of
the substrate and application of the heat slug is solely to facilitate -9-
testing of the device using optical testing and debugging. This process is
carried out during devel opnent of the device. The heat slug is not used
during nornmal operation of the device. 59Fhere have been a nunber of
proposals in the prior art for sem conductor devices which nake use of a

so-cal l ed gesbhaseofExalRssidelwsiendSie 6420458t Wiy AafRd/ 3d2bG4ging.
US- A- 3689992 and US- A-6008126. In the case of each of 10 these prior art
proposal s, ThéSsPRCEEFFUCTCHBARD PUL fHHring pdokeleeveeE ahdtfBus does

not have a dclftcreohdn. ildhe Al CASEnot N SR MALANG, 220G MBAL b sused to

provide for iSolation between s conductor devices™in an integrate
circuit or bétwhkendesgiaens within a sem conductor device 15 and/or to
renmove or | ower coupling parasitic capacitances. |n each case, since these
are Iom/§oltage devices, the breakdown voltage is virtually unaffected by

the nenbrane st FypehW 6,520 RCGOr4i NgnbOr acf i fBbpaspest 1 af thBeppriesentt
invention, there is provided a power senlconduc¥or devi ce having an

active regi 6ot semiowiddera drvices eghboh mekeéease af pospi-ealdedt he
drift region being provided ], a [erbaanss fayi 89, 0ppogedalen 3ad ot t om

surfaces, the op surface e nenbrane having él ectrical "{érm’'nal s
connect ed diuce@i-I3s8amod nehid ecs{y-shegero. t oral thw aavel bageach b& applied

| aterally across the drift region, the bottom surface of _the nenbrane not
havi ng 4 05 e HESSI RGIGHE SifsthERResals, the semiconductor device 1s not

a power device and thus does not have a drift region. 1In
each case, the membrane arrangement is used to 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 virtually 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



positi oned adjacent thereto. 30 According to a second aspect of the present
invention, there is provided a power sem conductor device having an
active region that includes a drift region provided in a -10- |ayer, the

| ayer being provided on a sem conductor substrate, at |east a portion of
the sem conductor substrate below at |least a portion of the drift region
bei ng renoved such that said at |east a pbftion of the 5 drift region is
provi ded in a nenbrane defined by that portion of the |ayer bel ow which

t he sem condugtear, Subslayte basnpepnoviedededn aheemdpQNQUGMQ;(ﬁ t he

nmenbrane havin electrlc t erm nal s_connect di rect ndi rect |
thereto to 599§%§§Rﬁﬂt%® 2 e aBBFFéanlag gggrﬁﬁmﬁ Ct%tm:drlfty

regi on. Acciididrdi: rdibw da@speskt0h pBecpraselt thavertiifan rediere is
provi ded a MOS-control | abl e power sem conductor device for use in an

|ntegrated(h&xnﬁtrem¢ﬁﬁ@e$m@h rastngaig ah é@ﬁﬁ@ear@@n§1QHuﬁflqhﬁLMes a
drift region, pé%-f??gg{i the, dtn fbrLed! ‘&thl‘?fe@bﬁf ded in a
and to one

menbr ane haV|ng op m sur aces T éast ialectrlca

term nal corﬁmmhobf ee}téylayernﬁerte@t lpith the skopcmdanemnd at | east
one electrical term nal connected 20 directl or indirectly to the bottom
surface to aYRRFERLYPRRGESED BEMANBRY el GeFPPC SV 25& Ghfe RRTIRane

region, the, hofton SuEfAce, of ttbﬁtlﬂsmgr BBAnAGk AWiRG & 1,5 &H conduct or
substrate positiohed adjacent thereto. 25 According to a fourth aspect of

the present imiyenecohy tbheeeO|SOpaé&pded aoMeBaeo o &id atrre issher
sentconductg%?%dev e for use |nte rated circuit, the device having

an acti ve’ TIRh ?ﬁf?ﬁae %Fﬁ Fegi-6h "provided in a

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

15 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 terminél connected

20 directly or indirectly to the bottom surface to allow a
voltage to be applied vertically across the drift region,
the bottom surface of the membrane not having a

semiconductor substrate positioned adjacent thereto.

25 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

30 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



| ayer, the | ayer being provided on a sem conductor 30 substrate, at |east a
portion of the sem conductor substrate below at | east a portion of the
drift region being renoved such that said at |east a portion of the drift
region is provided in a nmenbrane defined by that -11- portion of the |ayer
bel ow whi ch the sem conductor substrate has been renoved, and at |east one
electrical termnal connected directly otlrndirectly to the top surface
and at | east one electrical termnal connected 5 directly or indirectly to
t he bottom surftacen taf atheowiayevobtage wwhibd appl secthiveridwealdy across the
drift region.  The said at |east a gortion of the drift regionis fully or

|

subst ant i al ISPRSHYRF P L RECR TRBBV S cRRAGET16 S@ 5T 08 HSAdi tage is

appl i ed acr Qe rhef n%r%a@été@edigééfi:@?; oknihhe rhickat, and greang, aspects of
the present invention, the potential lines in said at |east a portion of

the drift reyufrce emibst ahtdat| gnpeppendiréokdr teantimal taymreantdabt t om
surfaces of t.he nbr ane. and_supstantially, 15 unifor spread | aterally
acr oss saﬁod T9%ast A pjo?&r](f)ﬁ?ggy Eﬁe%hfei Pf’%rté’& gﬁl_.rrgf%ies 1% T’ 1%ads to
a higher breakdoyn volbagepphiel FaytappN0gch ke deal @fifit heqfedd cal
limt. In the third and fourth aspects, the potential lines in said at

| east a portion of the drift 20 region are substantially parallel to the

top and bottom suldacepsol! g Jentr ahe.aud %lfb%g%ngrai'ér%g%ifoqgga;hspaced

vertically across said at Teast a portion of the us, in
t he preferrethleyhont nenbstathiadbgeiad lgf depd eteemofondiicitloy chdrsia at e
under at_|east a porti.on of thf depl.eti on t%%gon in lateral devices |eads
to enhamt®d CHreHKdOWEBi #i VG888t & Sa2Rbrd SPadGTeas &Edait 44 difte
device. In the first and second aspects of the present
invention, the potential lines in said at least a portion
of the drift region are substantially perpendicular to the
top and bottom surfaces of the membrane and substantially
15 uniformly spread laterally across said at least a portion
of the drift region. This is 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
20 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.

25 Thus, 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 favourakle electric field
and potential distribution within the drift region of the

30 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



and potential distribution within the drift region of the 30 power devi ce.
For vertical devices, the absence of the sem conductor substrate all ows
the formation of a thin drift region and renoves parasitic effects such as
the -12- parasitic series electrical resistance and substrate thernal

resi stance. Power devices typically operate with a voltage in the 5 range
30V to 1.2 kV and a current in the range190mA to 50A. Their application
may range from donmestic appliances, electric cars, notor control, and
power suppl ipesatsd tRE avelries ce bevavelicat cuebssandceebadosmipsteatticon syst ens.
10 1t wll b% %§EQEC|ated that the terns "top" and "bottoni, "above" and
"pel ow', and™9 AESHHP ®Yertical ", are all used in this specification
by convention and that no particul ar physical orientation of the device as
a whole is inplied. 15 The so-called nmenbrane power device of the present

i nvention may beHﬂW6ﬁu@etﬁ¢$%r@ﬁPi@§bb¥ opacktei g thore W&&ﬂﬁ@&akﬁcﬁmme, a

transistqr, a th %Kﬁhcontrollable evice,such _as FET, an

i nsul ate g%ﬁ@g cﬁ%pd?ar ran3|s?or fPEﬁ?Tg lndoaglran X eV|c§Fjetc. In
the preferredrenbodisent spell sesssed hayt hahgbeltewn dtdﬂ@rse;llcs P etk s,

hi gh vol tage,. power device with high breakdown voltage capaC|ty coupl ed
with excell eqheqts@%t%ﬁs 2BChAE FeBhErd  sePf- RO¥ETN G UPHHe o righdEhetitd may

be such thatyonly,paE topfctbes drbf tof egbafubs BRAY e didde membr ane. 30

In the flrst an econd aspects, where only a part of “the drift region is

provided in the nenbrane, preferably the high voltage term nal end of the

drift r%_ion s It will be appreciated that the terms "top" and
"bottom", "above" and "below", and "lateral" and
"vertical", are all used in this specification by
convention and that no particular physical orientation of
the device as a whole is implied.

15

The so-called membrane power device of the present

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

20 Dbipolar transistor (IGBT), a double gate device, etc.

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

25 and reduced self-heating.

The arrangement may be such that only part of the

drift region is provided in the membrane.

30 In the first and second aspects, where only a part of
the drift region is provided in the membrane, preferably
the high voltage terminal end of the drift region is

contained within the membrane; the remainder of the drift



contained within the menbrane; the remainder of the drift -13- region,
including the low voltage term nal end, may remain outside the nenbrane.
In the third and fourth aspects, the device edge 5 term nation nay be

provi ded outside the nmenbrane while the active region which includes part
of the drift regionis provided wthin the nmenbrane. In any aspect, the
whol e of the drift region may be 10 providted in the nenbrane. At | east one
i solation layer may surround the drift region. The at | east one isolation
| ayer may beeprovi,dachclivdisad dienbsaneoDiadd e sapakat endgmaagnechaiext end
from 15 the top surface of the nmenbrane to the bottomsurface of the
nenbrane. APUtEdsie She imAIh- | ayer may surround the drift region and
be provided outside the nmenbrane. 20 The or at |east one isolation |ayer
may be provided by electrically insulating material. The or at |east one

i solation |ayer may the prlovidleshdyfauhtighdypeoped tiendeoridectedygd ayer
which in use is biased to provide a_§5 junct%&n tgat i s.reverse-hiased or

bi ased bél oW EHE PF O RrRDi RS PEVEFdedhares bEepPETPFaRCat 1 &t héne

addi tional peWsKe 4@ iCsh Nayidy endiidisrggionoat cheagt idPAddi®m Qfs whi ch
is 30 provided on said nenmbrane or on a separate nenbrane. The separate
menbr ane i s ppcafigiegb|wi floymettheveembhangane ori gi nal substrate and
preferably in the sane fabrication -14- step with the or each other
menbrane prov'de%ﬂwgégm%ség%%Fethe whole of the drift region may be

10 provided in the membrane.

At least one isoclation layer may surround the drift
region. The at least one isolation layer may be provided
in said membrane or in a separate membrane to extend from

15 the top surface of the membrane to the bottom surface of

the membrane.

At least one isolation layer may surround the drift
region and be provided outside the membrane.
20
The or at least one isclation layer may be provided by
electrically insulating material. The or at least one
isolation layer may be provided by a highly doped
semiconductor layer which in use is biased to provide a
25 Jjunction that is reverse-biased or biased below the

forward-bias level.

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

original substrate and preferably in the same fabrication



There may be provided at | east one | ow voltage device. 5 Said at |east one
| ow vol tage device may be provided in said nenbrane. Alternatively, said
at | east one low voltage device may be provi ded outside said nmenbrane. In
t hat case, said at |east one |ow voltage device may be provided in a
further nmenbrane, said further nmenbrane being 10 preferably forned over the
sanme original substrate and preferably wi4hin the same fabrication step
with the other nenbranes provided in the device. In either case, this

arrangement proviydes, apowsr ddieasehed gbhsdhhe ghevhiawa vel tage device or
devices may be for exanple a bipolar or 15 CMOS circuit. Such | ow voltage

power device&sviee form driving, protection or processing circuits. In the
preferred enbodi nents di scussed bel ow, the nenbrane power devices are well
i solated both vertically and laterally fromsuch |ow voltage devices. The

vertical isolati amdse 2thache eyesvbiedli st UuBegEtt Bacabsaneelehhddh@iepdicasi tic
substrate beneath the active region of the power device-. Lateral,
i sol ati orP c&risk aHchisaald e bFPef Y9LlHager BEdCCaBaVe LBy PSR isechiie

| solation | ayers Rlgyided PrefelahlyyLiya DRIRr ape faam bhe hop, to the

bott om surface of nbrane or out e nmenbr ane. ere may be at

| east one | salatdan deayere pnayilde ngroeldetir boakidsokatidomedinaeen adjracent

devi ces. The said isolati$ may be glace on a further nenbrane,
ErRgLPy

|
sai d 30 fur tHEE AR arh 1t et er BBF9° b B4t ger e S MY Bt i gi nal

substrate and-prefasabl ya WihiRert R8mB2HBe, f 8BHBCALFOR S QR mMidhd MR 9y
each other nmenbrane provided in the device. -15- In the first and second

aspect of0t refesanty | Fvened opverheheegpme muyIdompr ss@sdaradied@nd cal |y

preferably within the same fabrication step with the other
membranes provided in the device. 1In either case, this
arrangement provides a power integrated circuit. The low
voltage device or devices may be for example a bipolar or
15 CMOS circuit. Such low voltage power devices may form
driving, protection or processing circuits. In the
preferred embodiments discussed below, the membrane power
devices are well isolated both vertically and laterally
from such low voltage devices. The vertical isolation is
20 achieved 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
above by one or more isolation layers provided preferably
in a membrane from the top to the bottom surface of the

25 membrane or outside the membrane.

There may be at least one isolation layer providing
electrical isolation between adjacent devices. The said
isolation layer may be placed on a further membrane, said

30 further membrane preferably being formed over the same
original substrate and preferably within the same
fabrication step with the or each other membrane provided

in the device.



insulating and thermally conductive | ayer adjacent to the 5 bottom surface
of the nmenbrane. The electrically insulating and thermally conductive | ayer
is used to help renove a |large part of the heat that m ght otherw se be
trapped within the nenbrane when the power device is operating. The |ayer
may be of any suitable material such 10 as for exanple polycrystalline

di anond, anor phous di anond, boron nitrid&5-al um nium oxide, etc. The
material is preferably formed by bl anket deposition as a |ayer by
sputtering or chem cal vapour deposition or any other suitable technique.
The | ayer may entirely f|II t he space 15 under the nenbrane or may be

provi ded as a thid Idkert hﬁﬂ%ran@héeﬁﬁﬁﬁréﬁ@eﬁﬁdoﬁhﬁéﬁ'Bﬁqsﬁﬂ§?the si de

wal |'s and the., eﬁﬂst&m SULE a5€ 0L Ny T EARLDLEBQ SUDSRILALE. ¢ E{]lqr})dayer IS

preferably in thermal contact wmth a heat sink. 20 In the t and fourth
aspects, tharm:oﬂia:trmtgarmqhathemylbg ebedtictdakl yaged Eldglarmlrity tcondect i ve.

The bottom term nal nmet al nbl nat i of metals
such as a umii %‘“b]fr)%% ee?gatg‘ﬁemﬁg{)ﬁ)‘ﬁ?t erm“ﬁale rlﬁaﬂﬁ % he space
under the Welrfm@rbe:lrigﬂ @ncﬂ)fﬁﬁéfcﬁmssﬂlg%éﬁégék:%@t 1al Q%t tad Q;rdﬂ}{é@.'
provided as a thin layer wunder the nenbrane that ol | ows down side vval I S

of any renuignaue subsr¥a¢erant afdehet heafmithafomights gthweavigfe hehe
devi ce. Thi sm{ ?Peﬁ(d 'ﬁltﬂﬁfﬁe ggl %elmgﬁgg %encg@lt ﬁ&t WQ\QJ tééﬂ% e>&tser nal heat
o]

sink. Altern m)ret an one om ternina e formof thin
| ayers isol at;&dcéﬂm onehanbther, magcnbbeo}ﬁl am@d sautlttahtﬁebmtatmacafl anelor
separate nenbranes. -16- The_ nenbrane_ may nprise a sem_ conductor | ayer

provi ded bn ah @%c?’?‘?“&%]r?prﬁé’ﬁFéfFFﬁ&1P§?efilaﬁf}‘?€d'ela€&rﬁl¥%q Wi3RR% i ng
layer may be,an,0xider] @Q¥era88minium oxide, etc. The material is

preferably formed by blanket deposition as a layer by
sputtering or chemical vapour 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 bottaom
terminal may be made of a metal or a combination of metals
such as aluminium, copper etc. The bottom terminal may
fill 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 of any
remaining substrate and under the main bottom surface of
the device. This layer is preferably in thermal contact
with an external heat sink. Alternatively, more than one

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

membranes.



formed in for exanple known SO technol ogy. Where 5 substrate is etched
away to formthe nenbrane, such an oxide |ayer conveniently acts as an
etch stop, which assists in the formation of the nenbrane. In the third
and fourth aspects, this layer is renoved to provide access for the
termnal |layer to be provided at the bottom 10 In the first and second
aspects, the device may conprise a nechahfeally strong and electrically
insulating |ayer provided under the nmenbrane. The nechanically strong and
el ectrically insutleingnbayee pagvideprikeuat seal cbndsitear t1dyeet he
menbrane and al so_acts to mnimse the risk _of nenmbrane rupture. In any
aspect, the RF¥19¢2¢Pone eyl RavEIS2hH- dRPFOAI "BogiWG r of iM%, Thi's hel ps

to ensure that POt ent i k20 khnes ALt diief 4 egis r antially
uni formy rs]%ree%%&egg?ogg t h%ugr F?Fgr 28;)’%%. h‘%%i ?ei tgnt ﬁgénlq%ezidfyetwob% hi gher
br eakdown vdadmaged whii chormagxappi sakhotvhe Spdeakcbnolidgpor etWloate [ imit. The
dopi ng concentration of the dri.ft region at hi gh vol tage term nal side
of the dé@iéﬁﬂ?§£§%t%ré?e?55g§dr8W§¥i 8|§°Hﬁgﬁh§n EWﬁEEHE%iﬁﬁ“?bﬁ?éntration
of the drifdxi@gi pgyet achP¥wnhyehtage skesmaRaknsicderofsddie, wievdke is
preferably relatively low. The doping concentration of the drift region
may vary |inessigterom thaeformatapnt pd dhef mepbgiage t o Ithethr Hdrirdhnd
serves to 30l mprgve furter (hhe breakdun,eapnd idy glojhe. devics, 44 the
first and second aspetis, the driff{‘région my conprise At T eas WO

sem conduct othé¢ ayersindlal bgeratbnpe provddaduet tHHey Hotreoms r anged one
above the other and in contact with each other. In use, these two or nore
senmi condt®tor layers of alternating conductivity type

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. This serves to

30 improve further the breakdown capability of the device.

In the first and second aspects, the drift region may

comprise at least two semiconductor layers of alternating



provi de a sem conductor junction in a vertical direction 5 such that the
drift region can be fully depleted of nobile charge carriers when a
voltage is applied across termnals of the device. This again helps to
ensure that the potential lines in said at |east a portion of the drift
region are substantially perpendicular to the top and 10 bottom surfaces of
t he menbrane and substantially uniformly-18pread laterally across said at

| east a portion of the drift region. This is turn |eads to a higher

br eakdown \oeirtdages dwhitch teye appraagadt heei dbaveothehedhen ¢ald [dmit. 15 In

any aspect, the drift, region may conprise a plurality of |laterally
adj acent serﬁoél&r‘?difct‘%]rtk?e%?(g}ﬁso%lﬁeralt PnHFantggﬁguéié’ioviotryn}ogefﬁae. These

lateral |y adiGetnd s@ibeoniist or of egl e8gnat iabt ebhaticty vaadugige/i ty type
form plural transverse junctions in the "z" direction of the 20 device,
whi ch agai n tahpisie i@ epeDi eorfactPhel BBEEAPNARD B YeFtiifadait R At a

portion the .drift_regio antially i [ﬁ%ﬁ Hgﬁ%sajd
at | east a ﬁﬁﬁ%i%ﬁ?%fggﬁegﬁgﬁﬁtr%ﬁg?éneg#hkg F?ﬁggfn eéﬁ%ﬁfgg%QQ%lg er

br eakdown vairage W ehigay appnoachtiolhagedéal appli2s tavearsed iwmiminadid . | n
any aspect, the drift region may conprise_a plurality of |aterally

adj acent sefcdritRICISYLERt | sTBES aPRernaelRg (F(S’n(‘]'iﬁ’cgtui‘%%i ttﬁlattyﬁg"%r rayed

around the gglcfﬁ&@{aﬁoliﬁssd%i cgiaThe gehlss MRYRR @ Aacthd N fegul ar
or an irregular pattern. Either arrangenent again helps to ensure that

the potenti atediomsaie sabdtantlieddy aepperichrulelr tiwe tdrd fGop e3jidn are
substantially uniformy spread -18- across sai d, at .l t, . tl e
drift ret? or?CFHPs Sﬁﬂﬁ}‘l?ﬁgﬁ Pgaa t Qeg‘kﬁiaaﬁeera%resab %%%ltvlgﬁltp%eﬁ%%{nmfrgy
approach thespeeah Dacéhaonet beabski @atid at least a portion of the

drift region. This is turn leads to a higher breakdown

voltage which may approach the ideal or theoretical limit.

15 In any aspect, the drift region may comprise a
plurality of laterally adjacent semiconductor regions of
alternating conductivity type. These laterally adjacent
semiconductor regions of alternating conductivity type form
plural transverse junctions in the "z" direction of the

20 device, which again helps to ensure that the potential
lines in said at least a portion of the drift region are
substantially uniformly spread across said at least a
portion of the drift region. This is turn leads to a
higher breakdown voltage which may approach the ideal or

25 theoretical 1limit.

In any aspect, the drift region may comprise a
plurality of laterally adjacent semiconductor cells of
alternating conductivity type arrayed around the plane of

30 the device. The cells may be arranged in a regular or an
irregular pattern. Either arrangement again helps to
ensure that the potential lines in said at least a portion

of the drift region are substantially uniformly spread




5 The device may conprise a termnation region adjacent to and in contact
with the drift region, said termnation region being provided to reduce
the effect of premature breakdown at the edge of the drift region. At

| east a portion of the said term nation region nmay be placed inside 10 the
menbrane. At |east a portion of the said term nation region nmay be placed
out si de the menbrane and above any semni tbhductor substrate. The drift
region may be nore highly doped than at |east a portion of the term nation
regi on. The adridsts rsegichrethraledet nerpoht ghhyoflopbd tmaditt hegitkh. This

sem conduct ar_ substrate ccording to fifth aspe of the present
Tvention.  thett SRR Gech d P ROAEEr A FEP I o] FPgPer R Bty

sem conduct ipAREGe hayi gean et tMEoregienlt hakikncl udes 20 a drift
region, the nmethod conprising the steps of: formng, in a layer provided
on a sem conductor substrate, a power sem conductor device having an

active region th i S drj ceqign; Vi - I t
portion q%f t he g%ﬁ%é%%%ﬁ%%d?ggugéﬁéggggbgl8ﬁ?§ & %gé 5%%5§ﬁ<§?ﬁ%‘%ﬁfthe
drift regi ontcsunid tihratcsat alcat wi eastha gotftomeafiochhe sadd ftie rmeigiaam drs
provided in a nenbrane defi ned bg that _portion of the | ayer bel ow which
the seni condiRd G T rR¥eVhdedpkenrreHEFedRaRd Femto PR E ™ eHES i cal

contacts on ol QNG i fage Bhigtheepener gsercordyctor 30 dewdice, It s
preferred that the substrate be " renoved as the |ast or one of the |ast

steps in thedevioge dabtlhieasidd teégmippbiessrepiorhavywde plesasslibistsiatee
provi de upport faor__the device_for_as | ong_as _possibl e ring the
fabri catS]i Oznp&ber or%ee“g%lfa%e Saj - agef"ggs? cploﬁg% g Foft fo% %th asléjﬂ1'L£ceorﬁ’rgL ur%:“’{]:olron
substrate region may be placed outside the membrane and above any
semiconductor substrate. The drift region may be more
highly doped than at least a portion of the termination

region. The drift region may be more highly doped than the

15 sgemiconductor substrate.

According to a fifth aspect of the present invention,
there is provided a method of forming a lateral power
gemiconductor device having an active region that includes

20 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; and, removing at least a portion
of the semiconductor substrate below at least a portion of

25 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
substrate has been removed; and, providing electrical
contacts on only one surface of the power semiconductor

30 device.

It is preferred that the substrate be removed as the

last or one of the last steps in the device fabrication



may be renoved by wet etching. Said at |east a portion of the sem conductor
substrate nmay be renoved by dry etching. 10 Said at |east a portion of the
sem conductor substrate nay be renobved using a buried insulating | ayer as
an etch stop. The buried |layer may be part of a Silicon-on- |nsulator

(SA) structure. 15 The nmethod may conprise the step of applying an
electrically insulating and thermally conducti ve | ayer adjacent the bottom
surface of the nmenbrane. The electrically insulating and thernmally

conductive bayeles®y 2h bthappbied bye ashpsetetabpyoblaskepgepesitioron
process. Alternatively the nmethod may conprise _the steg of _applying an
el ectrical | FPen@SHE =Y TOnRRT | 98 Pagetblanfekingt §hgs fakrdicedtirdde
(termnal) %@&gé ~the bottom 25 surface of the nenbrane. Said |ayer may
be applied by a anket deposition. According to a sixth aspect of the
present invention, there is provided a nethod of formng a

MOS- control | abl e ~ 30. power sem conductor devigce for .use jn_an integrated
Ciroutt, % he deviSes hat nEat att PYECHe8i B EREt SPRGFFaELSE Ohs et etiton,

the method gRAPHSIAGdNes stepse0fecbRiALNg, in a layer provided on a
sem conduct or "substrate, a power -20- sem conductor device having an active
region that includes a drift region; renoving at | east a portion of the

sem conductor substsate beloutal Leastog BEr Lhanf;theq dribt Jeqlon queh

that said at |east & portion of regi on 'S provi
menbr ane defriaiedbdyrdtatePosyi @pyottchhagl ayer bel ow which the

seniconqﬂftor substrate has been

Said at least a portion of the semiconductor substrate
may be removed using a buried insulating layer as an etch
stop. The buried layer may be part of a Silicon-on-
Insulator (SOI) structure.

15

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

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

Alternatively the method may comprise-the step of
applying an electrically and thermally conductive layer
which acts as an electrode (terminal) adjacent the bottom

25 surface of the membrane. Said layer may be applied by a

blanket deposition.

According to a sixth aspect of the present invention,
there is provided a method of forming a MOS-controllable
30 power semiconductor device for use in an integrated
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



removed; and, connecting at |east one electrical termnal directly or
indirectly to the top surface and at | east one electrical term nal -
directly or indirectly to the bottom 10 surface to allow a voltage to be
applied vertically across the drift region. Said at |east a portion of the
sem conductor substrate nay be renoved by wet etching. 15 Said at |east a
portion of the seniconductor substrate n&9-be renoved by dry etching. Said
at least a portion of the sem conductor substrate 20 nay be renoved using
a buried i nadnatdargila@yer dasvaneehahingt ap. athe vieuriegd draygtatrayndiengess t  of
a. Silicon-on-_Insulator (SO) structure., At |east one sem canductor | ayer
may be intrdﬁd%%ﬂﬂbyreQSP'hpF%ﬁ?XﬁPBn?td#FF§§iénPSFtdéﬁb§? [ fromthe

back-si de ofgethe,daydCor f ohbowinget Re16Har ARt hen 0f A he, ey abe. ¢ e bot t om
termnal |layer may be applied to the bottom of the nenbrane, said bottom

term nal | aybrifieimepion3gucbnthet wRtH at [least enesdrnicomilictioe dwyfy
within the nenbrane. -

21-.Ln.formation,of th vi C and in the nethods
descri bed® abdiR, *"one” oF TR 88t B Bo[“ﬁP’?réﬁﬁ_s% it Y r%ﬁfs,p%l,orf roeﬂch
technol ogy afh&noye+ nbeusat RHiehr ediet sehabioneridt@r hens: fiye beaempéayed.
5 In the devices and nmethods described above, the drift region may

conprise at Iwemtednedf SFPRESAL1HHI PEor cacdr iinge S 1A AT | gasTmime !
nitri de. and &%éé%]?ephg%reégl (Eléetﬁlxreo.\{:'og)e%alx%taé cagly OQ@dPéaétbeone
i nsul ating |ayers y conprise one of silicon |0X|§%, nitride, di anond,
electrical terminal directly or indirectly to the bottom
10 surface to allow a voltage to be applied vertically across

the drift region.

Said at least a portion of the semiconductor substrate
may be removed by wet etching.
15
Said at least a portion of the semiconductor substrate

may be removed by dry etching.

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

Insulator (SOI) structure.

At least one semiconductor layer may be introduced by
25 implantation, diffusion or deposition from the back-side of

the device following the formation of the membrane.

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

membrane.



alum niumoxide, alumniumnitride and boron nitride. Enbodi nents of the

present inv
reference t
Cross-secti
schematic ¢
a schematic
to the pres

ention will now be 15 described by way of exanple with

o the acconpanying drawings, in which: Fig. la is a schematic
onal view of a prior art JlI power diode; 20 Fig. Ibis a
ross-sectional view of a prior art SO power diode; Fig. 2a is
perspective view of a first -25-exanple of a device according

ent invention; Fig. 2b is a schematic perspective view of a

second exanpl e ofira feMmh0ei ®ECOF dt RY Hevibesprasenh imeemdtdibds 30 Fig. 3
is a schematic cross-sectional view of anothe7 exanple of a device

according t
iI'lustrated;
per spective
i nvention.

Sl inass ROV P e 0T | NOTRhPENPERELBEL e MMOA ! B35 e
dor 2% KON 884 &%é? g&ekﬁgt}ﬁnﬁwt% %{%%%dlﬁf@' or

V|eWB of ‘f Urt her exanp evi ces accor e present
T dRefierat ingh novep® mwagubesedalapdd2b, first and second exanples

of a nmenbrane power sem conductor device 10 according to the present

i nventi OI'? e

ach have a sem conductor substrate 11 having a bottom surface

12 that forms ths, aid BotiosysynfagecfbakhaedevigRdl @bArd, e i n
|l ayer 13, which in these exanples conprises a sem conductor layer 14, is

formed on t
top surface 5
11 is indic

manuf act ur e,

10

15

20

25

30

heecsirs trragt ecdnipahge haslaatscpogar béc@lilaqdmt sidriort he nai n
3;‘ ethed:fjg%c';r(f% 10a hemorl gl nﬁ faul I tent ofr t he éubst rate
SEPIK FiGurE S GAd 2B o GESHE ngs lfémb.l :
a portion 11' of the substrate 11 bel ow
Where provided, at least one of the insulating layers
may comprise one of silicon dioxide, nitride, diamond,

aluminium oxide, aluminium nitride and boron nitride.

Embodiments of the present invention will now be
described by way of example with reference to the

accompanying drawings, in which:

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

art JI power diode;

Fig. 1b is a schematic cross-sectional view of a prior

art SOI power diode;

Fig. 2a is a schematic perspective view of a first

example of a device according to the present invention;

Fig. 2b is a schematic perspective view of a second

example of a device according to the present invention;

Fig. 3 1is a schematic cross-sectional view of anothe:
example of a device according to the present invention ir

which the potential lines are illustrated; and,



the thin layer 13 is entirely renmoved up to the thin layer 13 in order to
| eave a region of the thin |ayer 13 below which there is no substrate 11,
this region being referred to herein as a nenbrane 16 (shown within. the
dot and dashed 20 lines). The remaining portions of the substrate 11 form
support |egs. The nmenbrane 16 has a bottom surface 17. The active
structure 18 of the power device 10 (indi2ated by dotted lines) is in

t hese exanples located entirely wthin the nmenbrane 16. In the exanple of
Figure 2a, the 2%iapirnese Straic4Urerd8schevbedtr ceakky sesdliatred faom ot her

devices or circuits Qy an,isola%ign Iﬁ%er 19 fgrned wthin the nenbrane 16
bet ween t he PEESRERT AR Pt heURERBF aR¥2MBoEEoMEs GENVAGESL P 1At

the isolatiqnp layer 9% swropndsc1bg active structure 18 of the power
device 10. 30 In the exanple of Figure 2b, the isolation |ayer 19 is

provi ded outside the nenbrane 16 within the thin layer 1= such that it

surrounds the actjve structure 18 qof the pq;aer Vi 1Q0. In,the exanples
of both Fgure Zf‘ i 2H9 RV 5% ngﬁéFsdgei géldlg% 0 io aefl%rsi?cforfiyer

20 that is phaggsddd ot he seabeandugbeer! aren cbhdurgigde ddeidd rsd thin
layer 13 and entirely within the nenbrane 16. The drift |layer 20 supports
hi gh vol t agesceppling Heross PrReSAREniNFERLANs e5cnd@%hdin) of the power

device 10 whj ggfﬁ%ﬁ%&@rsgﬁg&ﬁstel%i ﬁagfi%lgggfj b'%'t‘%qﬁiﬂkeﬁé@é [ PYEREE 059

the main term na rorng such operating t he ayer ones
partial |y orfdxealtdlye coaphebet yodephefedeobfmbiel eevdare ilers. MAcCorsti ng to

an enbodi nent of this inventjon, if 1%Fthe main.termnals, are glaced on the
top surfkte HEBFLFRET tdvi ¥BIGRAIRI FREFS REMEHG AT RE T 952

equi - pot ent idlnd dfesuct Hra1&708S18€C kOB nchorderL b ngaddier drahd
| ayer 20 are practically perpendicular to both the main top surface

has a top surface 15 that forms the main top surface 5 of
the device 10. The original full extent of the substrate
11 is indicated in Figures 2a and 2b by dashed lines.

15 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
which there is no substrate 11, this region being referred
to herein as a membrane 16 (shown within the,dot and dashed

20 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
by dotted lines) is in these examples located entirely
within the membrane 16. In the example of Figure 2a, the

25 active structure 18 is electrically isolated from other
devices or circuits by an isolation layer 19 formed within
the membrane 16 between the top surface 15 and the membrane
bottom surface 17 such that the isolation layer 19
surrounds the active structure 18 of the power device 10.

30 In the example of Figure 2b, the isolation layer 19 is
provided outside the membrane 16 within the thin layer 1:
such that it surrounds the active structure 18 of the power

device 10. In the examples of both Figure 2a and 2b, the



15 and the nenbrane bottom surface 17. According to 15 anot her enbodi nent
of this invention, if a first main termnal is placed on the surface 15
and within the nenbrane 16 and a second main termnal is placed adjacent
to the bottom nmenbrane and within the nmenbrane 16, the potential lines are
practically parallel to both the top 20 and bottom surfaces 15,17. It is
preferred that the substrate portion il -®»2- renoved as the | ast or one of
the |l ast fabrication steps, and particularly after formation of all or
subst anti al Ippwix aldvidde the sthugitses dpidndlabeve2bheHdt nid gyeiceB ihas
been conpleted, so that the entire substrate 11 can support the whol e of
the thin |afé"re EBRHAIHIIE heSel fEBF 4t iBA1Aet Epe. fagrsit Shsimokdehdidting

out here the, i IIeranees Iichlf chiongdhgeaakonal. Potentdalsdintyd butd on of

prior art hlg tage” devices, such as conventional junction-isolation
(J1') hi gh vaduggertdevh tgls mol&gesoappmibdsababss (cﬁ@l yna ir24-eamiha e
nenbranefgom&aadeV|ces ac ordln to tgls i nventi can be seen |in
Figures | § ERG (R Eﬁﬁv AVEBNGFVigeyitled! lﬂﬁé PR RIYERT 199 r e

virtually peypendi ot aindOop1bBRst PReSYLI GG D achbls 2% H1@¥4 i O iy e
body of the 5 device, they align to be parallel to the bottom substrate

surface 4. QMﬁnmmS$m¢mu®P©nabﬁngh@O§@tehheaﬁrhﬁmeéaW@w A deeeangs emat ur e

br eakdown. Fl res a and. 3b ow_t he di,mens | distribution of the
pot enti al | i f oExéﬁ% ZTgfcgmg%ﬁ%wgy gm@? e3€cégr?}ﬁé¥%re accordi ng

to the 10 pr@ﬁﬁie'vr@VEI’IAJ:@dﬂrﬁ@h@ﬁdobﬁno@th&ldﬂgxleelthloﬁfh tHold aigeredtigt | GrE 1 n
the exanple of Figure 3a, the main termnals 23 are placed on the top

surface 4% dreE tTeldrFE¥MiBgisnare pdaresi A8 the Qq?pﬁltrifta}%rﬁ/ %ethe
SenlcondUCtCHe¢9¥§r M@'&bthln the membrane 16, the equi-potential lines

in a cross-section of the device along the drift layer 20
are practically perpendicular to both the main top surface
15 and the membrane bottom surface 17. According to

15 another embodiment of this invention, if a first main
terminal is placed on the surface 15 and within the
membrane 16 and a second main terminal is placed adjacent
to the bottom membrane and within the membrane 16, the
potential lines are practically parallel to both the top

20 and bottom surfaces 15,17.

It is preferred that the substrate portion 11' be
removed as the last or one of the last fabrication steps,
and particularly after formation of all or substantially

25 all of the structures in and above the thin layer 13 has
been completed, so that the entire substrate 11 can support
the whole of the thin layer 13 during these fabrication

steps.

30 It is worth pointing out here the differences in the
two-dimensional potential distribution cf prior art high
voltage devices, such as conventional junction-isolation

(JI) high voltage devices or Silicon-on-Insulator (SOI),



is nmore lowy doped than the p+ anode region 21 and the n+ 15 cat hode
region 22. This drift region 20 becones conpletely depleted during the
vol t age bl ocki ng node and before the breakdown occurs. Referring to Figure
3a in conparison wth Figure la and Figure Ib, it can be seen that the
potential |lines are perpendicular or near perpendicular to 20 both the top
surface 15 and the bottom surface 17 of tR€é- nenbrane 16, and substantially
uniformy distributed from the anode region 21 to the cathode region 22

i nside the 4ghd fthe egemibr2Qe speReirhdevi besvakue rdfi riche drigaiks oimivervtol drage
approaches its ideal limt. In_the exanple of 25 Figure 3b, the nain
termnal s 2PRrPRHPOE ECEBPIBUFEFEECES L 2aAB I o Ut €AV §Rs R vel y

such that thepotentigle Lopescane panall %lreoRfi'}%%{al@%{ ?Jaé[ﬁ%eﬁ@i@ﬁ&té"@

top surface 15 and the bottom surface 17, and substa y uniformy
di stri but ed fhromthesanbdeer Bgi bnt2ast thelye deathade a edieorb@ly 22f i tise de t he

drift region, 20, such_that the breakdown | tage i.s ideal, for iven
Ehi cknesss ore RSy | FROT agbronob S3sEornd loiofter FOf GHIGHTTRAR G FE oh
vol t age powesugeyiees. accqrdi A8st ibhe 1Phe SNt HeNRIHd Y Al SPigkd fedy from

the prior art devices in the way the isolation is achieved. The isolation
in the prefelead renbranatpoeeprearideons . s Figuads Sad aret tikeashgwi phey

perfect mannes, tA1quoh, Lhe, aB3eRce , of SURH rale helow fhe ACtiye; stiycture
(]:1 8 and ed Tateral y

18 of the nenbrane power device i s achie rough't he

use of an isodmaplenofayerihflehipelvesudeaunds dthei@Enires eacddding et d 8tloé
t he power device 10., 10 Where provided, the isolation |ayer 19 nmay be in

the forh? of PEERFGHI §IHHSBEHO§e§E’EB‘ﬁ61u&YoPT’Iea¢é1n%H“elal'édvcﬂotaage

junction. In the example of Figure 3a, the main terminals
23 are placed on the top surface 15 and the drift region 20
contains for simplicity only one semiconductor layer which
is more lowly doped than the p+ anode region 21 and the n+
15 cathode region 22. This drift region 20 becomes completely
depleted during the voltage blocking mode and before the
breakdown occurs. Referring to Figure 3a in comparison
with Figure la and Figure 1lb, it can be seen that the
potential lines are perpendicular or near perpendicular to
20 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
drift region 20 such that the value of the breakdown
voltage approaches its ideal limit. 1In the example of
25 Figure 3b, the main terminals 23 are on the top surface 15
and bottom surface 17 respectively such that the potential
lines are parallel or near parallel to both the top surface
15 and the bottom surface 17, and substantially uniformly
distributed from the anode region 21 to the cathode region
30 22 inside the drift region 20 such that the breakdown
voltage is ideal for a given thickness of the drift layer

20.



mat ched voltage so that all the junctions associated with said isolation

| ayer are reverse biased or zero biased. In 15 this case, the isolation

| ayer acts as an effective conduction barrier. Figures 4a and 4b each show
an exanple of a nmenbrane power device 10 having a p+ isolation |layer 19
whi ch extends fromthe top surface 15 to the bottom nenbrane surface 17
and whi ch surrounds the active 20 structduk&-18. The p+ isolation |ayer 19
is connected to ground, which in these exanples is assuned to be the

| onest potentialTiewaptabeered thdogowehtisnio@ghdigd wItcidd .pdwer t he
exanpl e of Flgure 4a, the isolation layer 19 is provided wthin the
menbrane 16.99W %% 2SAAPEENST LR HFe DFESERL ﬂﬁ@qQQﬂQﬁl%ﬂﬁQzﬂ&ﬁqu)ﬁ%Pm

provi ded outl ns‘}fff@r r@ﬁ@fé@fslcég ifhe 'e.SQJag,t QR '1@@ gegm%éofee%y be

made of an ating layer such as silicon oxide an nay be in
f orm of a.trEhEﬁuswlatrﬁS Layehe pseﬁeya@dfm@NhnanﬁtgﬂWEmldey1¢®@ is
i sol ation_can ma

e by trenches filled_ wth a sand f oxi de and
pol ysilicon i %e CY%%FlC?ﬂgﬁléplgnFﬁﬁ?¥ﬁ% I@?QEfﬁ"éﬁgEP%éﬁtﬁﬁﬁi o er
alternative s26suhsSt 8- 8SBedbly GARS ac$QveldtadictMERA" L Plof tHhChembrane
isolation). Several isolation |ayers 19 may be used within the 5 sane

menbr ane 16 RIVsepdedateeplir andporepcddeivess BT gyadded tiweudh tie wsere
nmenbr ane 16 Of %ﬁ ﬁ§$§5g38nbhgglgrlgrw d@gé{pkﬂgqﬁ1deV|ces fromthe
10.

power devi ces ef erring ar e ba, ere s shown Ct]éxanple of
four such poweructievéces &8 phacgdwuﬁﬂaeWukEEJSHne menbrane 16 and i sol at ed
10 from each other through isolation |layers placed within the nenbrane 16.
Referrinmg®to Figure 5b, there is shown a top view of an exanple of four

pover devices 10 phag€dpPBvided, the isolation layer 19 may be in the
form of a highly doped semiconductor layer connected to a
matched voltage so that all the junctions associated with
said isolation layer are reverse biased or zero biased. 1In
15 this case, the isolation 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
19 which extends from the top surface 15 to the bottom
membrane surface 17 and which surrounds the active
20 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. In
the example of Figure 4a, the isolation layer 19 is
provided within the membrane 16. In the example of Figure
25 4b, the isolation layer 19 is provided cutside the membrane

l6.

The isolation layer may alternatively be made of an
ingulating layer such as silicon oxide and may be in the
30 form of a trench or LOCOS layer. As a yet further
alternative, the isolation can be made by trenches filled
with a sandwich of oxide and polysilicon layers. Other

insulation materials can also be used. Another alternative



separate respective nmenbranes 16 and isolated fromeach other through
isolation layers 19 placed outside the 15 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 CMOS and

bi pol ar devices 41 placed outside the nenbrane 16. Alternatively, the CMOS
and bi pol ar devices 41 can al so be 20 pla2ed on the menbrane 16 toget her
with the power devices 10 as shown in Figure 6b or on different menbranes
16 forned deercd hesesantr ogags nasosabsledt eMESAdS ogshdwrenth"Fi gure 6¢. The
exanpl e of Flgure 6d dlffers fromthe exanple of Figure 6¢c in that the

i sol ation Iéﬁ%‘%ﬁ¥Q% 25 pl aced outside the nenbranes 16. It is evident

that the use of the nenbranes 16 and isolation |ayers 19 can provide a
very effective electrical isolation between the power devices 10 and the

| ow power circuit3evErab M&¢laa$obeﬂagens adjmaynbep@wad<mﬁnhﬂn;GKE 30
Referrin%nowto Fi ure §0€5|derin thaFL lof thedtermnajlos are 3

pl aced orr t & top"S e 1% tR ?ﬁ??r 8- PRYVEr 4Gt 1 Prece

el ectrical |l ywiigsid a&rh@gs&ué wbinbhahas18 027tor sleghiraeley D@ dhesaiMos
conductivity may be placed adjacent the bottom surface 17 of the nenbrane
16 to help rlam\i@lataﬂi%r@%vwaétﬁﬁﬁmth?héoweat d\ﬁFrl&@Sotlweers%ferWr&

trapped r i e_.po i tiqnal .
t he preferrz! qﬁﬁ%ﬁ?ﬁgﬁ% a@ﬁ?%glgge%ﬁigg o ng a ?éfﬁ) e S|ﬁgﬁé
back- si de etdEl‘Hthgesc)flm h;_elaeem wonHiat ohesslamtar afeenblhnes Jcsarancédlsmﬂtatamﬂ may

be in the form of nket deposjti ,on of a diiel ectric nat rlal q hlgh
t her mal ]cQ)ncﬁ}Ef?‘T‘\/??%“ SeRT nhtEPPER ARP1BE 1PEr 12T SR

G her materi@lgorsMeN @S bREGBrring to Figure Sb, there is shown a top
view of an example of four power devices 10 placed on
gseparate respective membranes 16 and isolated from each
other through isolation layers 19 placed outside the

15 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
bipolar devices 41 placed outside the membrane 16.
Alternatively, the CMOS and bipolar devices 41 can also be

20 placed on the membrane 16 together with the power devices

- 10 as shown in Figuxe 6b or on different membranes 16
formed over the same original substrate 11 as shown in
Figure 6c. The example of Figure 6d differs from the
example of Figure 6c in that the isolation layer 19 is

25 placed outside the membranes 16. It is evident that the
use of the membranes 16 and isolation layers 19 can provide
a very effective electrical isolation between the power
devices 10 and the low power circuits 41 as well as between
adjacent power devices 10.

30

Referring now to Figure 7, considering that all of the
terminals are placed on the top surface 15 in this example,

a layer 45 that is electrically insulating but which has a



nitride, alumniumnitride, and alum nium oxide, can be used. As shown in
Figure 8, the insulating layer 45 may fill the entire gap in the substrate
11 left by the nenbrane formation. In either case, a heat sink 46 nay be

15 in thermal contact with the insulating |ayer 45 to extract heat. As
shown in Figures 9a and b, the first thin layer 13 rmay conprise a thin
insul ating layer 50, the bottom of 20 whith effectively fornms the menbrane
bottom surface 17, and at |east one sem conductor |ayer 51 placed on top
of the thimdlrgulvatlingriglyerh&tnahscqnownt inityr mayaipsl o lstcatde-asijiaadmd- art

Silicon-on-lnsulator (SA)_techpology.,.ln this_ _case, ,an.SQ technol agy
such as bondif¥fy R %}r%@g%rfgSOgnFB%n‘aeWé§a88 E?e&ol r?et%?e T9bricdt i on
of the powen a idd eratetbei sEULRS. ndht ewAAERhYBkYe réiilsieC @ yobeditrappkaan

be used. As one of the last steps of the high voltage SO process, and as
in the exanpiresidiesdrs beemabene, 16 hehidai EBRdDOVEr SEHSeatE 11 bel ow t he

buried insulating. ayer_5 i r; ed .thr :
convent i gflaIOpepra leofi%?ing b%[/ns?}ﬁgl o ggg%?dgln%%sgﬁlﬁ‘%%'l r?kphs?slig%;(earnpqif’e,ls t he
buri ed i nsul i | #ftesr SOhacs sngseabaekfedtievetehdng stfopteo formt he

menbrane 16. Inportantly, when the main -28- terminals are placed on the
top surface SENEGRNGREFHPH THRSCRBRBr Ahelts Cathe SHuidd qqﬁisd'ﬁaéf' Fyie 50

al so hel ps  achieye 2 wnifRem desbl PYbhoB ol e 1RRLENI laddasl Wwitsi de
the drift layer 20 such that the :breakdown voltage 5 of the nenbrane power
devi ce 10 wiliglbetlnéusel t condectdwaky-vabueh matelrd adxamy eoffd gure 9a,

Lhe 501 gl BLAYEL A5 chooRl assenhi Bri [RIANS Jo10 Le ranpl e of
nitride, aluminium nitride, and aluminium oxide, can be
used. As shown in Figure 8, the insulating layer 45 may
fill the entire gap in the substrate 11 left by the
membrane formation. In either case, a heat sink 46 may be

15 in thermal contact with the insulating layer 45 to extract

heat.

As shown in Figures 9a and b, the first thin layer 13

may comprise a thin insulating layer 50, the bottom of

20 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 fcr example state-of-
the-art Silicon-on-Insulator (SOI) technology. 1In this
case, an SOI technology such as bonding wafer, SIMOX or

25 Unibond may be used in the fabrication of the power
integrated circuits. Alternatively, silicon or diamond can
be used. As one of the last steps of the high voltage SOI
process, and as in the examples described above, the
semiconductor substrate 11 below the buried insulating

30 layer 50 may be partially removed through conventional
patterning by single back-side etching. 1In this example,
the buried insulating layer 50 acts as an effective etch

stop to form the membrane 16. Importantly, when the main



10 Again, an insulating layer 45 with relatively high thermal conductivity

may be formed bel ow the nenbrane 16 as

renove the heat laterally to the substrate 11 and/or directly to an 15
external heat sink 46. In the exanples of Figures 10a and Ila, an
isolation layer 19 is provided within the nenbrane 16 whereas in the

exanpl es of

Figures 10b and lib, an isota8+ton |ayer is provided outside

the nenbrane 16. 20 In the exanple shown in Figure 12, a further

el ectrical | ydmeulaald ngrd ayescd8 wht Bhenbapcedrifaeckaniscalind priapeirt itﬂﬁa IS

pl aced between the buried insulating |layer 50 and the electrical
Gy %%d@éﬁ@@ 1P§9éﬁ‘t459| havRE Plgicdm i thﬁég nmenbr ane

i nsul ating
16 in order

m nimse the ri

addltlpnall

dlcth i S%EreSta{ #'SPmt ?st’%&&ﬂﬁ&%ﬁ 8% the %*érr?cﬁ%llellﬁr@s hel p

of mechanical rupture o ane 16
unﬂﬂdﬁlunﬁI@Weftnhyyatséohehphtohacomben$&aakduwnnMHkﬁage

shown in Figures 10 and 11 to help
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thermal conductivity may be formed below the membrane 16 as
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 Figures 10a and
lla, an isolation layer 19 is provided within the membrane
16 whereas in the examples of Figures 10b and 11b, an

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
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.
This additional insulating layer may also help to
compensate the overall mechanical stress in the membrane 16
and may also enhance the adhesion of the electrically
insulating but thermally conductive layexr 45 to the buried
insulating layer 50. It will be appreciated that this
mechanically strong layer 55 can also be placed under the

membrane 16 in any of the other examples described in this



to achi eve good adhesi on between one | ayer and another. 10 The insulating

| ayers 21 and buffer |ayer nay be nitrides, oxides, anorphous materials or
pol ycrystalline materials. |In the exanples shown in Figures 13a to 13c,
when the main device termnals are placed on the top surface 15 and 15

Wi thin the nenbrane 16, the first thin layer 13 in each case conprises two
sem conduct or | ayers 60,61 of opposite <€@%ductivity type such that the
drift region in the power device 10 is now conprised of two sem conduct or

regi ons 60Lpki fifcoppasitleatofdusdbt Vhbyet ype placed abeva aanthd nadfer
direct contact with each other to forma sem conductor junction. The
presence of Stthedd IR SEARIYMILEt erhregiBaAsthE0El6Et réradi PREsgitat ion

conductivity t QFQ:' i c Lani ki L ingeasg.d he
br eakdown Véﬁ%ﬁ‘ o} Htl‘;“ﬁhe{jé e]\'/ei %?E %gﬁlgg gge‘%g ltsfﬁlgﬁﬁgﬁllr)zéonlt ;tlrl ] u(r?ltl ion
formed 25 i madel anerddlcal tlde reesi shahetweenrtpeugenm cSetdeatadr dwaygers 60, 61

which facilitates the depletion of the entite drift region at nuch | ower
vol t age ﬁhaﬁqQR?Qﬁ%éh&NwﬁF§%?$ab@?uT?ﬁng 8¥§th§Fnt§%(ﬁ%HqS% g act s

physically aganadintdifnsi &r ! ayermdubi-aget he vel iags dlecking dmde.and the
30 potential lines in a vertical cross-section of the device are

per pendi cul aigsipdtelemp sussavatésSeandtirhicaddybradd orbotarsmlsiddtaee 17 and

nore evenly distribut al.ong th dri region in the |ater di rection.
For “these » SBHA et o wet i et Bl obr PBRY SR, Pnaltr ot Hhitadt CEie
uni f orm al ong then kv d tge6gi @aheBibhebkalveral oble X ay@dd egld GhodHed he
electric field reaches its critical value, aval anche breakdown occurs. As
the el eck®i g eIRPWL % 106 $2PBF At 21 s 28Gh SHAACT all Py it RS tHe BHrdedkedown

vol tage, whighdss or apbiEALLY hePLesented Ly e 3/ea undfl nddier flRetric
field curve 1n the x direction between the
In the examples shown in Figures 13a to 13c, when the
main device terminals are placed on the top surface 15 and
15 within the membrane 16, the first thin layer 13 in each
case comprises two semiconductor layers 60,61 of opposite
conductivity type such that the drift region in the power
device 10 is now comprised of two semiconductor regions
60',61' of opposite conductivity type placed above and in
20 direct contact with each other to form a semiconductor
- junction. The presence of these two semiconductor regions
60',61' of different conductivity type and in direct
contact can significantly increase the breakdown voltage of
the device. This is due to the horizontal junction formed
25 1in the vertical direction between the semiconductor layers
60,61 which facilitates the depletion of the entire drift
region at much lower voltage than the breakdown voltage.
This means that the drift region acts physically as an
intrinsic layer during the voltage blocking mode and the
30 potential lines in a vertical cross-section of the device
are perpendicular to the top surface 15 and the membrane
bottom surface 17 and more evenly distributed along the

drift region in the lateral direction. For these



main termnals of the device, is a maximum It will be understood that the
dopi ng concentration and the thickness 10 of the two sem conductor |ayers
60, 61 each play an inportant role in obtaining the maxi mum breakdown
voltage possible and are preferably selected such that the entire drift
region is depleted at relatively | ow voltage conpared to the rated

br eakdown vol tage. The choice of doping i50eoncentration and thickness of
the two sem conductor layers 60,61 is also influenced by the type of power

device enplayadantedy the asseciratedibabr i cathr JHALSSradthe-£XAPP! €
shown in Figure 13b is of the SO type 20 having a silicon oxide insulating
| ayer 50. Th&vidqunmlalerg FhgudeifBcrpgiaggaiin ¢he Hatsmal ygre-having a
silicon oxide _insulatingc:l r ag.ekectrically insulatin ut
thermal |y cgaﬁldruéc'{‘?lvéeﬁl ayg$ %gdgggg??g g% tlﬁetrl%eéac esslydleé%féxa]t%leg?i;sul ating
| ayer 50. |tvatlidd, bevappneneabedakblatvnabc2hrel.ectyd aald yel sttt Bd i fige Ddut
thermal |y conductjve | ayer can _al so be_deposited on the bottom surface 17

of the menbrdnd 4% BPithelJ| SBRERBRE SR Wit fSHur S8R TR exanpl es
shown in ldadp dde, which ¢0rbespaadaiig epeidldnt & dhecxamples, shonn

in Figures 13a to 13c, the drift region’in each case is forne y sever al
seni conduct drh¢ aykestvicaFtetdatimyecondtdie W tdi teqiel dniibet ween tope of each

other in the y. direction suc? %gatdﬁhe -31-, entire drift re |on4£ cones
conpl et el y dEbbteEF GEIoF 81 8Ei GaPy ISR Tol s CETTAMRY t ot HE T ht 2
breakdown vigldege: odgatRati Ehwi Bbphagappheentired tdiatarah tied echidiemddy

insulating but thermally conductive |ayer 45 5 can be deposited on the
bot t om st f atfe @ire ofwe heeheABREHE Y6 laveamy 66F Gheaciexa@y ea? I n the

exanpl e SWNM%@&E%%QHVE0151iﬂh%BtQQ%&%th%e”%d%imum breakdown voltage

possible and are preferably selected such that the entire
drift region is depleted at relatively low voltage compared
to the rated breakdown voltage. The choice of doping

15 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.

The example shown in Figure 13b is of the SOI type
20 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 insulating but
thermally conductive layer 45 deposited on the back side of
the insulating layer 50. It will be appreciated that an
25 electrically insulating but thermally ccnductive layer can
also be deposited on the bottom surface 17 of the membrane

16 of the JI example shown in Figure 13a.

In the examples shown in 1l4a to 14c¢, which correspond

30 generally to the examples shown in Figures 13a to 13c, the
drift region in each case is formed by several

semiconductor layers of alternating conductivity type built

on top of each other in the y direction such that the



termnals are placed on the top surface 15 within the 10 nenbrane 16, the
drift region of the nenbrane power device 10 conprises plural adjacent

| ayers 70,71,72 of alternating conductivity type arrayed in the third

di rension z. These adjacent sem conductor regions in the z direction form
transverse sem conductor junctions in the z direction such 15 that the
entire drift region becones conpletely depleted at relatively |ow voltage
conpared to the rated breakdown vol tage. The presence of the vertica
junction pl argsiren ditihet zrejiect benonast hempgrbedge ded liedsad tas£ i N an even

distribution of the potential.]lines along the drift i 20.in th
direction, Vi@ R eatet YRL: BPSaRABRATE0! E8051% 5 B L RGP RP Fhe | deal
value. As iR dihepxanmigsindeseribed shoxpprbhepetenti=al drines in a

vertical (x,y) cross-section of the device are perpendicular to the top
surface 15 anceathel gahby abesbhbet dnosbptacberMadAy aoadunisi s Hyemedb to

the y axis. The .doping and the thjckne of th dj,ace em _conduct or
| ayers 705,57]?,% bo? C(aﬁﬁg?se}té%? O%oﬁhﬁc&o\%i%w tsillb:eaé:%e 127eloeq:t}:ttgn s%%‘%ﬁ%rg . the
drift regione depletesoentheekbyekamphesvol tage bl ocking node at relatively
| ow vol tage conpared to the rated breakdown 30 voltage, thus increasing the

breakdown voltage close to its ideal value. It wll be understood that

whi | st three Se”iﬁomg%%m{;;xeéﬁom L e %%qw}?ébr{eaa;@gi_mﬂ Szl

direction, just two or nore an three such™ ayers may enp oyeé? It
wi || furthertdxemimales st vedpihatdapn ehecttopc &unf aass dlsatwitthbutthder mal |y

conductive | ayer ma ?e deposi t g on the battom surface 17 of tﬁ; nenbr ane
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Figure 16, the @khbii&€8i pNuks8l adjacent layers 70,71,72 of alternating
conductivity type arrayed in the third dimension z. These
adjacent semiconductor regions in the z direction form
transverse semiconductor junctions in the z direction such
15 that the entire drift region becomes completely depleted at
relatively low voltage compared to the rated breakdown
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
20 in the x direction, which increases the breakdown wvoltage
to be close to the ideal value. As in the examples
described above, the potential lines in a vertical (x,y)
cross-section of the device are perpendicular to the top
surface 15 and the membrane bottom surface 17 and are thus
25 aligned to the y axis. The doping and the thickness of the
adjacent semiconductor layers 70,71,72 of different
conductivity type are selected such that the drift region
depletes entirely in the voltage blocking mode at
relatively low voltage compared to the rated breakdown
30 vecltage, thus increasing the breakdown voltage close to its
ideal value. It will be understood that whilst three
semiconductor layers 70,71,72 are shown arrayed in the z

direction, just two or more than three such layers may be



formed by several cells 80 of different conductivity type placed
alternately to each other to format the top surface 15 and in the X,z

pl ane regul ar patterns such that again 10 the entire drift regi on becones
conpletely depleted during the voltage bl ocking node so that the potenti al
is distributed uniformy across the drift region. The cells of different
conductivity type may be formed regularly3é4s shown or irregularly (not
shown) in the x,y plane. 15 In the exanples shown in Figures 17a to 17c
(whi ch shoempdspect. velty will fleviber heSohddeegioed ah@taa®d device

havi ng an el ectrically insul ating bu her mal | conductjve |ayer 45

appl i od Lo FHENEOCTIIY o RENBr BRe. 28" 167°F PRAL¥UBSUTLNS TE e emavi
such that oMoy Rdeitcd oh hendrbbt t6R0EQRFR0el 1OS ol thie i@ rEdranei rl6.
Thus, part of the drift region 20 remai ns outside the nmenbrane 16 (and is

t her ef ore peidemriad exfovrct heerenramnghpadevére e substrate 11). The
main termnals are placed on the 25 top surface 15 but, preferably, the
hi gh. voltage termnal end of the drift region 20 is |located within the
menbrane 16 whilmt dihe dosmyDét spewhelifi Fabuerd 16f, the ddifft regiion 290
may remai n outside the nenbrane 16. Again, it will be appreciated that an

el ectrically9 RY RLPRE2t her kbl §U30Lcardberrre IS A5 ey derpe
deposi t ed Orsbalfar&f‘encpg%af@@}ﬁggé%etolzaek bRBIERRr 828wl G Of Ak & diesse

exanpl es. - of the exanples described above and shown in Figures
2 to 17, theswardd of the subspilahe tégalerapgitéerrtso stuvdh X hetplageiof t he

aterel Pvigs LS PEPPUsge o oSk SoRR Leehyl e farebost e
KOH sol uti onznelheo 5t dd€ 0Pl S8Rshiameddl sbs thafDROeC ipHetltial is

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.

15

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

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

20 16), the substrate 11 is removed such that only a part of
the drift region 20 lies within the membrane 16. Thus,
part of the drift region 20 remains outside the membrane 16
(and is therefore positioned above the remaining part of
the substrate 11). The main terminals are placed on the

25 top surface 15 but, preferably, the high voltage terminal
end of the drift region 20 is located within the membrane
16 whilst the low voltage terminal end c¢f the drift region
20 may remain outside the membrane 16. Again, it will be
appreciated that an electrically insulating but thermally

30 conductive layer 45 can be deposited on the bottom surface

17 of the membrane 16 of any of these examples.



and the etching rates of anisotropic etchants is dependent on the crystal
orientation. The etch-stop planes are usually the (111) planes. Those
devices of the SO type 10 that have the buried oxide |ayer have the
advant age that the back side etch stops automatically at the buried oxide
since the etch of the oxide is for many eetchants (including KOH) nuch
slower than that of silicon. Alternatively3-for bulk silicon (i.e.

non- SO ) devices, the back side etch can 15 be controlled in tinme or

el ectrochem cal | v, ISt ead Ol Vet @P1 89t §OREE: BEANLBGwedhPAHW d&
etching may be used for producing any of the nenbrane power devices

accordi ng t &ichve gy esaem 1 hvemté omal Deyobatkessdbs2@asec Hilngreasindied
advant age that .the wal Iﬁsglof th SHbS rate 1% are vertjcal,, as shown by way
of exanple i Frgures B8 *Hhd> 180 ThrsSheandSVRSE 't hd V61 dife P5CEii%ed by
the gap in the pfstdidhtod It beheyqhbersenbraresibel stodileNgey wedependent
on the thickness of the substrate 11 and thus a 25 plurality of nenbranes

16 with rred@edddtaiaridt spaeing: weidkehst hEhicanllhe paaicarad iufitiee asane
chip or int te ci reui toore. 1Ly e |_e of Fi , the
i solation | g{?/{e}ﬁ nguftslé)rr?bvi dlﬁ,\% %?ﬁ?éﬁht ﬁlélbrgr%;: ?SnéaTéS &Oé{fgg%%ﬁ%

exanpl e of RErgurehel8nclihegi satati on hayebt30ple ks cheisded edmdrdzrithe
menbrane 16. In _the exanple shown in Figure 194: t he menbrane 16 is forned
by front si @& éfthiTyF52e. oBtpraRbifcr o ThECRFAPNGF OR3P e FFSubst rat e

11. In the ex@nple, shawn1ihe dﬁi’&ﬁéé@t eThddel 8eRkL P Iphd v ed hel ow
the active region 18 of the evice 10 so as to leave a gap in the

substratle® 1thsdl dwve hehachiveedt puidar éaygrwhayk hdlpadvarntageddwtt he 5

br eakdown capabi lity of .the device. Figure 20 is.a cross- sect.iopal .vjew of

the exanpl e%g}e ﬁagcij esal%g %tl:%urgga S 5d omaglcaﬁly at %:%e %urlec{' bxide
since the etch of the oxide is for many etchants (including
KOH) much slower than that of silicon. Alternatively, for
bulk silicon (i.e. non-80I) devices, the back side etch can

15 Dbe controlled in time or electrochemically.

Instead of wet anisotropic etching, dry back side
etching may be used for producing any of the membrane power
devices according to the present invention. Dry back side

20 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
the substrate 11 below the membrane 16 is no longer
dependent on the thickness of the substrate 11 and thus a

25 plurality of membranes 16 with reduced lateral spacing
between them can be achieved in the same chip or integrated
circuit more easily. In the example of Figure 18a, the
isolation layer 19 is provided within the membrane 16
whereas in the example of Figure 18b, the isolation layer

30 19 is provided outside the membrane 16.

In the example shown in Figure 19, the membrane 16 is

formed by front side etching (i.e. surface micro machining)



shows a SO variant of the exanple of Figures 19 and 20. As in all of the
exanpl es descri bed above, the presence of the gap in the substrate 11

bel ow the active region 18 10 (i.e. the formation of the nmenbrane 16) neans
that the potential lines in the drift region 20 are perpendicular to both
the top surface 15 of the device and the bottom surface 17 of the nmenbrane
and are substantially uniformy distribut%d inside the drift region 20
such that the 15 breakdown voltage approaches its ideal limt. In the
exanpl es shan tie Funatesat22al and R2bthehexamp e eshewpectiheelsypbilt raned SO

variants, the gap in the ubstrate is formed only parti,ally under the
ari 11 20" 1 egiion DE IR ALY Gy iesart ioy HRE aRLEver sgpdnRd OF foemed
in the menbrang k6.1 AG s the TBARetLrgipals are sphaeedc@n ihhedien
surface 15 but preferably the high voltage termnal end of the drift

regi on 20 i $hsl acad venisthiuctyree nkfrbvlabheh 1Be WhEl 50 therkewevdlhteage t er mi nal

end 25 remai.n, out si de .t he. menbrane 16. Figure_23a_sh dn _detail an
exanpl engt%/ frr%rlr(bdroéﬂr?e Carﬁag}?ﬁl v%ﬂ’a%% '?%1 e‘rg%ﬂ’l FE’gFE FIJ:"F) 8§ *5EEor di ng
to the preseitidnegnty 0w idE WhehekfepUei 6 reghes 20 .1 s Aigure3R1
conductivity type, the source region 90 and the drain region 91 are of n
conduct i vi t Bhidfe aaP Vv ef3r vt @bpelde axamrdsnsf FApures &9 #ed &% a good

ohm ¢ contact, the ¢ I { S0 ctiui iy e entd onal
735 i naul ats B T aread By iR 8o he P S bty R mr R RE Con
and/ or met altHeaysrp 9 i tshel aicledt abowell hbepowwehke 82tdwe iregiated & rom t he

source netal layer S by an _insulation layer 95. A thicker insulating |ayer
56, 5 retr rbit o B (1 Bl okt dBRe S BE PR edBht TEATENS Fp L6 ¢ he
drift layer R0 hatieen ihesi nsutptedrgateragdohh®o are perpendicular to
both the top surface 15 of the device and the bottom
surface 17 of the membrane and are substantially uniformly

distributed inside the drift region 20 such that the

15 breakdown voltage approaches its ideal limit.

In the examples shown in Figures 22a and 22b, which
are respectively JI and SOI variants, the gap in the
substrate 11 is formed only partially under the drift

20 region 20 such that only a part of the drift region 20 is
formed in the membrane 16. Again, the main terminals are
placed on the top surface 15 but preferably the high
voltage terminal end of the drift region 20 is placed
within the membrane 16 whilst the low voltage terminal end

25 may remain outside the membrane 16.

Figure 23a shows in detail an example of a membrane
high voltage lateral DMOSFET (LDMOSFET) 10 according to the
present invention in which the drift region 20 is of n

30 conductivity type, the source region 90 and the drain
region 91 are of n conductivity type and very well doped
with donor impurities to form a good ohmic contact, and the

p well 92 is of p conductivity type. A conventional



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 term nal D which 10 contacts the n+ drain region 91 and the
source termnal which contacts the n+ source region 90. This current is
controlled by the potential applied to the gate termnal G which contacts
the insul ated gate. When a hi gher potentiab- is applied to the gate
termnal with respect to the source 15 termnal, a channel of electrons is

formed at thesurdtaek gatet herpedebl 92tunder nkhe aicesiulaled gat eaxnhich
allows flow of electrons fromthe source region, through the channel, via
the drift r&§iorPoleent#edlphi RetThelawerc@ical Béacast P wh HiRl B f by

I I h I | t
CONDLFET | o ‘BTaced on o nochr ane” 1"de naa by ot A Tap S0 Tace 18 Shd the.

nmenbr ane bounmmkani@melaYerThé nenbthmekbmtﬁmmmﬂamﬁa@e1hven596;tuated in

t he directio e Cross. se bet ween top surface 15 and the
sem Iéonduﬁ:t d:re%}gs‘?CIatt% %ﬁr?ﬁ@e% 8%20’{1“ & nﬁ‘ﬁ%’r ffe PI& S ey it &%Fhin in

conpari son g htnd her sefi capduchor pauhsthat el ngvah ity mhentde evi ce
operates in the voltage bl ocking node, the drift region 20 becones

conpl et el y dipdiat ecedionobi Ebeoapﬂyenélgm/mﬂpd@m &4 Imaesextrend by

virtual ly per pgndicu the, to %ﬁ e n he otton1nenbrane
surface 17 as s %ﬁ&lé%ét cﬁrgb B I's |s %hoan rgEI h§ prlor art Jl

LDMOSFETS  igh Wi £the | h@uﬂfeﬁt fegw@nbesw@@&vm@ @alily twmlefhlabmwnazh
t hi ck sem conductor substrate which in the off-state is not -36- conpletely
depl et ed: AndFAHeR€FDreEhB+pBE @Al aPIEPrReS bend tHoMANES ity ™inader ti cal

di rection !M{I@q%ﬁéa&e' PhRet A+ bh%ew g,flg?.h Jeor i zental . diragtian (x

axis) wthi substrate. The a vantage e high vol tage nmenbrane
controlled by the potential applied to the gate terminal G

which contacts the insulated gate. When a higher potential
ig applied to the gate terminal with respect to the source
15 terminal, a channel of electrons is formed at the surface
of the p well 92 under the insulated gate which allows flow
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 potential to
20 the gate terminal. The high voltage LDMOSFET is placed on
a membrane 16 defined by the top surface 15 and the
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
25 12. The membrane 16 is therefore thin in comparison with
the semiconductor substrate 11 such that when the device
operates in the voltage blocking mode, the drift region 20
becomes completely depleted of mobile carriers and the
potential lines are virtually perpendicular to the top
30 surface 15 and the bottom membrane surface 17 as shown in
Figure 24. This is in contrast with prior art JI LDMOSFETs
in which the drift region is conventionally placed above a

thick semiconductor substrate which in the off-state is not



5 LDMOSFET resides in higher breakdown vol tage capacity, a nore uniform
distribution of the potential lines at the surface and a better isolation
through the use of a vertical isolation |ayer 19 in the nmenbrane 16. In
this exanple, the isolation layer 19 is nade of a highly doped 10 p+ | ayer
and is connected to the source termnal. It should be understood that the
device shown in Figure 23a may typically3éontain severa
stripes/fingers/cells such that the device neets the current |evel and
power speci fdeatlieansly Fdephae 688 ¥ndevheeefblre dhief pategitaral 15 rkepilend
concentration may typically be 1016/ cn8, the thickness of the drift region
20 between. FP" ‘&0 1R Yﬁétlléﬁ&t R1&P LR LY tt-hreeg#]%}rﬁ‘%@@)‘rﬁnﬂ%

dopi ng of the 4 iogifuse@ﬁgnhgﬁesﬁéa@%ﬁ%&%&t A Bnd) GANLWAL Yefd om t he
source end to the drain end. For exanple, at the source 20 end the doping

may be 8x101bllenBrase | e Ther edskngabienedr ithe tho gdx M3l6/age regmibtenealr ai n
end. Figure 23b sho an, SO variant of the anple .of Figqure 23a in which
o T nsubat | M NS SEEPATRF ab B PAPRERe D 2B SR PbH O A5 THYITETegi By 20
as part of the-&renhlasenllisthisutiswl atfi RHd yRlerdl Need ot e did ck as
in the case of prior art SO high voltage devices but may instead be very
thin since t$erpatentidl ai hethervabrags isrodkineyafoddie (Wireref e device i s

of f) is not suppo d. Lt he 3 i_r i int of
conventi onal” . %ghl%%?ggg (]:Iél ie%egf SLJ%I t?lr?s?(feéa (}Ea}:\rg)éﬁl‘;lﬁ%’t, fllﬁ @ﬂizgx

direction. dhenpse| athenisplbhisncasgers Ivade made encha dxigleby 1@oed - 37-
ot her tyfes of jsolations, such as p+ |layer, may be used., Fjgure 23c shows

a variatt®n Rf tRESEXEARPI 5of OPPGGTEREE HNT I St SRE 3 cal 1y
Irrgfﬂlzj)lr a Lngol 2Y&56145p8 Lhaargeeda LRGN L RANE WHdtil SiP! BLedrde pyv the
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
15 doping concentration may typically be 10%®/cm’, the
thickness of the drift‘region 20 between 0.2 to 20pum, and

the length of the drift region 30-50pum. The doping of the

drift region 20 need not be constant and can vary from the

source end to the drain end. For example, at the source
20 end the doping may be 8x10'%/cm® while increasing linearly

to 3x10'¥/cm® at the drain end.

Figure 23b shows an SOI variant of the example of
Figure 23a in which an insulating layer 50 is placed at the
25 bottom of the drift region 20 as part of the membrane 16.
This insulating layer 50 need not be thick as in the case
of prior art SOI high voltage devices but may instead be
very thin since the potential in the voltage blocking mode
(when the device is off) is not supported across it in the
30 y direction (as in the case of conventional SOI high
voltage devices) but instead along it, in the x direction.

The isolation in this case is made by trench oxides 19 but



5 facilitate the renoval of heat to a heat sink 46 and thus avoid
excessive self-heating. In this exanple, the isolation layer 19 is

provi ded outside the nmenbrane 16. Again, it will be appreciated that an
electrically 10 insulating but thermally conductive |ayer 45 can be
deposited on the bottom surface 17 of the nmenbrane 16 of any of these
exanples. Figures 25a to 25c show in detad¥-exanples of Lateral 15

| nsul ated Gate Bi polar Transistor (LIGBT) nmenbrane power devices in which

bi pol ar cur peMerCeRfid ion Vdhinidbhe, gdubht akegionad@ suspendrd pied.he
menbrane 16 is enployed and which correspond generally to the LDMOSFETs
shown in FFg@Es 23C (e, a THer hat hodi PferbRcexbaphee it Fd dUmEGRR 310

menbr ane power devij,c and : F . _devi_ces own..in Figures 23a
to 23c is t#@'&ggl% E%lhlg %ggﬁ%ped p- ?%gg@ESSe!FX%ébggr 1§§%fi (%t t he
anode. Bi poltivereenducinductivity B3 pypeedeveltes iheChardaterd sed by
conductivity modulation in the drift Jayer in order tg reduce the on 25

state resi st@Tcd1TARE PG tTSPYabeChppreti hPed LRAT &inkeldScnitalys

i nsul ating : ; L r 4 be. j t n the
bott om surf%@lﬁ%ﬁéh%lﬁ%gﬁeﬂgﬁ%%ﬁ an?no ﬁ?ﬁe%ﬁ@%&%l gtgl.éJSO Fi gure

26a i s a schemdtdtciperkspeet i Ve vseprotidad exasplbe ¢fhea memiraaree Idevice in
the formof a power diode. For a 600 V power diode, the doping
concentration of the n drift region 20 is in the range 3x1015 to 1016/ cnB

with a -38- | engtady0fn 30i¢ owbOmM beThg?pbé@Kaeéa ehatherddifdcdrawe1 130  may
be between 0.2mto 20m_ The doping of the drift _region 20 need not be
const antl Gand Ean kg e tRersalt ¥ecorAdCEd VENS a¥Ea o Bt exanpl e,

at the sourcg end the 5, dopi ng, ey, bg,, 8% 1015, ¢nB ~while i ngregsi ng Idgnearly

to
any of these examples.

Figures 25a to 25c show in detail examples of Lateral
15 Insulated Gate Bipolar Transistor (LIGBT) membrane power
devices in which bipolar current conduction within the
drift region 20 suspended on the membrane 16 is employed
and which correspond generally to the LDMOSFETs shown in
Figures 23a to 23c. The main difference between the LIGBT
20 membrane power devices and the LDMOSFET power devices shown
- in Figures 23a to 23c is the use of a highly doped p-type
hole injector layer 100 at the anode. Bipolar conduction
in LIGBT type devices is characterised by conductivity
modulation in the drift layer in order to reduce the on-
25 state resistance. 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 any of these examples.

30 Figure 26a 1is a schematic perspective view of an
example of a membrane device in the form of a power diode.
For a 600 V power diode, the doping concentration of the n

drift region 20 is in the range 3x10%° to lOM/cnﬁ with a



3x1016/cnB at the drain end. For sinplicity, only one cell of the diode is
shown. Figure 26b shows schematically an SO version of the power diode
shown in Figure 26a in which an insulating |layer 50 is formed underneath
the drift 10 region 20 which facilitates a nore even distribution of the
potential lines within the drift region 20 and therefore increases the
breakdown ability of the diode. In additiéf; the insulating |ayer 50 acts
as a very good etch stop and hence it makes formation of the nmenbrane 16

easier. To hehplp Jemyecd heghgat whil ent BRNBAWEH Fd@WeC 1T tOPQ At oAl |
a highly thermally conductive but electrically insulating |ayer 45 (not

shown) nay agat aeqlweed ontont be bagk. of Thehdoperbr aife tie efritfte devi ces
shown in Figures 26a and _26b. This Iazer 45 may be formed by sputtering or
ot her 20 wayeBfoHePbSItFOIN s BReCBPSERBL| 38€ FRHC¥IIIhd KAk fd1§ Pource

t he-fabri catd LaLegr d_.Gi -t .as e | v,
éhrﬂ;‘[‘ Q ﬂg@m@ggﬁaléﬂa.g BLedGLI h'_'g_, 5‘% %%b%%dlt@éj ahy d;fhoede

Fi gure 27a shows sc y an exanple o rane power

whi ch corfpr icesiray drdy tbe egkdd *2@m’f whidd hyctwe sliage s G, 10 It of

di fferent candugtiviiy type ,p.arranged vertically .one on top of t

ot her. Thesé”cvéyéFg Iﬁ%,gbi ﬁﬁglﬁeep rﬁEEOEySéEPQ&ﬁ%%YINQR&XIQﬂe &
preferably hyr ivmd aMo@é O8eshayAl 181guRko2khe Py skemadli &oria £00 V

power diode, the doping concentration of the two sem conductor |ayers
101, 102 for Qg CeresenfeLreponowed dapdse sbewedn FIEB ek &x 101 6/tEats

wth a 'engta*l}bcz’ifz?éﬁ’]bé iﬁégla.ﬁ%rnﬁnggotfg-&\ ﬁfﬁlzldt%frr}e%ecﬁ Y’%ﬁqesgdl]};:‘:@{‘d“‘:t or

| ayers 101, et we m and m Op ~ sem con or |ayer
101 is fuor meckdiyon npd awhichhéactihetadepi Agmoarc erteratd gt mifbutieon off | taheer
101 will be higher 5 than that of the battom sem conductor_|ayer 102 and
hence, potential lines within the drift region 20 and therefore
increases the breakdown ability of the diode. 1In addition,
the insulating layer 50 acts as a very good etch stop and
hence it makes formation of the membrane 16 easier. To
15 help remove the heat while the power device is operational,
a highly thermally conductive but electrically insulating
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 45 may be formed by sputtering or other
20 ways of deposition as one of the last processing steps in
the fabrication of the power integrated cireuit as

described above.

Figure 27a shows schematically an example of a
25 membrane power diode which comprises a drift region 20
formed by two layers 100,101 of different conductivity type
n,p arranged vertically one on top of the other. These
layers 100,101 may be formed by epitaxial growth or
preferably by implant of one layer 101 into the other 102.
30 For a 600 V power diocde, the doping concentration of the
two semiconductor layers 101,102 forming the drift region

20 may be between 10 and 5x10'¢/cm’® with a length of 30 to



in order to maintain spatial charge equilibriumwhile the drift region 20
is depleted, the thickness of the top layer 101 is preferably | ess than
that of the bottom | ayer 102. Figure 27b shows schematically an SO
version of the power 10 di ode shown in Figure 27a, whereby an insul ating

| ayer 50 is forned underneath the drift region 101,102. An additi onal

hi ghly thermally conductive but electricaB®y insulating |ayer 45 (not
shown) may again be placed under the nenbrane to facilitate the renoval of
heat, as 15 (eseli beghdrayi Oustys Ekoddhe 288 §Qﬂ%o§1&aﬂ%%tr’ qallep-san exanpl e
of a 3D nenbrane power diode. The drift region of the 3D power diode is
conpri sed ofisevieralipabésweennopiiRghnas208ii. 111£20hdi sppsed in the X, z

pl ane such that they formtransverse junctions in the z direction. The

wi dt hs of t e appiugtyersayen, 191 Afy feypréably 1P lisetwedhen heand 5m

whi ch repr el%gg %eg;‘ %nde 58N, fthge‘cﬁﬁt X%g%@ 1o‘i”§ﬁﬂl H %,

that the dr p etes faster the z |rect|on t |n t he
x directi®n tarch tthmtefcmf ethdaehaveems'seinﬁabhyiutao&n llargtelxi ni2c alrayefeﬂcre,t he

vol tage bl ocki ng. node. For a 600V devi the len tq the |ft regi ons
20 (in the XTHFERT orfy HaybalBppPaki t& T86 ST ?ﬁ?é n, p

regions 110 d]zlllfﬂma}’eé)foﬁewve@a é@pi@%éﬁcn%h%n@hti)&'k%@scr& t'?{eeft%pﬁbia\yef he

n,p regions 110,111 “are fornmed by inplanting one layer (e.g. an n |ayer)
110 into th‘JeDbti@rpi@@@rabéYgleaSpthagneut)lamofTNéﬁreefcmtéont Heayet0-1 Wopi ng
concentrati .of t Ia&gegc a erl l|s hl%%%rversf% q{ q{ tQ;
background IéV%f qr RERCE L Ruitary 3the charge dhl Bt UK He
w dt h of1¢ hejiqsad aélﬁ@sdn| aperighi@ byapr eherably asmald=er dthaly thatewfsd he
background layer 5 111. Figure 28b_shows schematically a SO variant of the
is 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

15 described previously.

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

20 disposed in the x,z plane such that they form transverse

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

layers 110,111 may typically be between 0.2um and 5Spm,
which represents a small fraction of their typical length.
This ensures that the drift region 20 depletes faster in

25 the z direction than in the x direction and therefore
behaves similarly to an intrinsic layer in the voltage
blocking mode. For a 600V device, the length of the drift
regions 20 (in the x direction) may be approximately 30 pm.
The doping of the n,p regions 110,111 may be between

30 10%®/cm® and 6x10'®/cm®. Preferably, the n,p regions 110,111
are formed by implanting one layer (e.g. an n layer) 110

into the other layer (e.g. a p layer) 14. Therefore, the



exanpl e of Figure 28a. Again, in each case, an electrically insulating but
thermal |y conductive |ayer 45 (not shown) may be deposited to extract
heat. 10 Figure 29a shows schematically an exanple of a single gate
menbrane 3D LDMOSFET. The devi ce enpl oys the concept described above for

t he 3D nenbrane power diode to support a very high voltage between the
source and drain termnals while in the-¢oltage bl ocki ng node, whereas in
t he 15 conduction node the device is simlar to a conventional LDMOSFET

and the devigs alg R@wEen23ar 1 5hodEe tAab 15wt <ICherRid cald yig 19nheari ant
of the exanple of Figure 28a. Again, in _each case, an electrically
i nsul ati ng Bdtan tHeahedf ytRenbackpreundydryss (Adt asibenCeralyo bea delpdsi t ed

20 to extract, heal, Floue: 30,3000 seheqaticaldy an exqrple of 2. doubl e

gate menbr ane evi ce ‘again enploys concept scri bed

above for the B0 grembs faeapovesmdildde thadb thdppart the &saycibgabund! I ager
bet ween the source_and drain termnals. In the conduction node, the device
is contrdl Ied vi FHItRet RBPnSERYANSFIEAG A CeHanhdél IRE e 5irRAt ohathe

uni pol ar parallel; congdugt op.t Bgqughthe n and ) ~stdines n occur.
Bi pol ar coné%%fﬁ%n can a% o} ?aEe placg gg”byqﬁnjéétion of electrons into
the p drift dlayerramall by ihehéstingobtite thedmiafltl  ayerductdilve Refeeri 4% now

to Figure 31, another exanple of. a nenbrane power semni conductor device 10
accordi ng t o' 1%e s%ﬁ%%%n?g?nggnFFBHSH§§dat§bﬁ?§6ﬁﬁﬁbt F3%Substrate 11 and a

thin layer 13 which conprises at |east one sem conductor 5 | ayer 14 and has
a top surface 15. The substrate 11 has a bottomsurface 12 that forns the
mai n bot1®m surf akEIeret B8a gheiee Schefatd araddf &t \weamrl9oefi ansbrglae

substrate l]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 source and drain terminals
while in the voltage blocking mode, whereas in the

15 conduction mode the device is similar tc a conventional

LDMOSFET and the device of Figure 23a. Figure 29%b shows
schematically a S80I variant of the example of Figure 28a.
Again, in each case, an electfically insulating but
thermally conductive layer 45 (not shown) may be deposited

20 to extract heat.

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 to

25 support a very high voltage between the source and drain
terminals. In the conduction mode, the device is
controlled via both the n-channel and p-channel gates such
that unipolar parallel conduction through the n and p
stripes can occur. Bipolar conduction can also take place

30 by injection of electrons into the p drift layer and of

holes into the n drift layer.



below the thin layer 13 is renoved up to the thin layer 13 to define a
menbrane 16 with a top surface 15 and a bottom 10 surface 17. At |east one
main termnal layer 103 is attached to the bottom surface 17 and in contact
with the sem conductor |ayer 14. In a preferred enbodi nent, said term nal
| ayer 103 may be in the formof a netal |ayer deposited fromthe back side
of the device 10 after the 15 nenbrane 164ils forned by single side
back-etching. The netal |ayer 103 may extend fromthe menbrane bottom
surface 17 to tirefminibgttom sarFagaré23af thetdern exabplandhi sa

preferably in contact with an external heat sink. The device conprises at
| east one fd?et“ﬁ%?a%iﬁp‘t’%lfn?‘ﬁraFcﬁﬁﬁu‘ZéoﬁpaPi"é&et ¢ 0t REGJF NG RS, in

contact w thtdienSermeondushohakayetehd cARAuREEIE AR M ddi i tdgy npnbrane
16, such that in the on-state current conduction between the nmain top

term nal 104 hEnd Ydeenal h Boichnrowpriings 303 leiasts st araniiatdndwerar cal

and perpendicular tpo the top 25 surface_ 15 dt menhr ane bot surface
o Drel Gowi AL AP a8 B8 A0r B8 BRERARE 2305 A Bl S St 18 A6 to
control the gadt@ntsbetseenithenaai Aok-esnhal $1a1038 b o BuPENEE sleviee 10
contains a drift layer 20 placed inside the first thin layer 13, within

t he sem condifRfeFe| ay@rring mapufpcrezsy a portilen of tthe drubpstraserlo is

pl aced wit hi e -42- .Th if r qHE t i gh
vol t ages app%le%pg%@%@tﬁﬁelégﬁ tﬁér %EngFg‘Hi’S?, }‘%Zet\ﬁnﬁ%sets t ggp%%%%@dl?vi ce
10 is of f antb hetkse tdhemgnbtage aér @isht he top murdadendl S arld) 3z ask tldid .

During such operating_node he drift layer 5 20 hecones partially or
conpl et ety o éﬂ“‘e%l g?' mobF | SSBEFr PBRs "Erd {R&EHAF PR &% ites in a

Cross-secti ofxwichdderdevheendlrame sharalleh Wady tihe da s fiacen enand
the 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

15 membrane 16 is formed by single side back-etching. The
metal layer 103 may extend from the membrane bottom surface
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

20 applied to the top surface 15, in contact with the
semiconductor layer 14 and preferably within the membrane
16, such that in the on-state current conduction between
the main top terminal 104 and the main bottom terminal 103
is substantially vertical and perpendicular to the top

25 surface 15 and the membrane bottom surface 17. The device
may have a control terminal 105 placed on the surface 15 to
control the current between the main terminals 103,104.
The power device 10 contains a drift layer 20 placed inside
the first thin layer 13, within the semiconductor layer 14.

30 At least a portion of the drift layer 20 is placed-within
the membrane 16.



menbr ane bottom surface 17 and substantially uniformy distributed between
the top end of the drift layer 20 and 10 the bottomend of the drift |ayer
20. The renoval of the substrate 11 under part of the thin |ayer 13
results in a better trade-off between the on-state resistance and the

br eakdown performance. The uniform 15 distribution of the potential |ines
inside the drift region in the nenbrane-4%-results in ideal breakdown
voltage for a given thickness of the drift region 20. Because the
substrate 11 is rEmved findeayear 20osupherthi nhkeayneghl 301 tadmerse applnied

substrate parasitic electrical and thernal resi.stance and isolation (not
shown) f ro%a(?trl‘régrs deif 6@%1%ntaer‘8?'?§51ﬁ %gSr éégnf” i} héﬁ"cenipp?"fesr RSy & t(()

make. The teyninalsd aves B03cks Phef obabbyehiaghlon st heldmidih onsediye to
hel p di ssipation of heat fromthe nmenbrane region 11 to an external heat

sink (not sH®@n)and5l @ gurlkuBnghewshseobematiogl mpden atwpieiibf kayer

menbr ane power .device 10 according to th resent i-nyenii L0, whi ch dry
back- si degoe}tgg ikf?gc?r%e%s%%rYbagggdugecgﬁgieﬁg‘i rgﬁe lféergl'hogqm%élﬁllsf%f t he
remai ni ng paddonsrofakdecBO sghspbatarihlananess tircal @soshayect ok gfir e

32. Follown the menbrane formation_by dry etching, a termnal |ayer 103
is applied ttde everdr hheabbt PorRddeflaid 17 the fretmBhEafe 1hea i hhe

termnals Of,ddie Aoyl 58:d0n E3rPLEU Q4SLhg ddpplalned, e fynpy ch has

t he advant age he volunme occupied by the gap int strate 11 is
no | onger diependdmtted bhewehinckhessopf enlde cfuliste atwel fit]l bander t herafidr e

the area of the nenbrane 16 is easier to.contrql. 5 Figure 33 shows a
cross-sé’c‘?i(ﬁ\h‘?ﬁb‘?qﬁpﬁe@P%eofOtgﬁoﬂﬁlftt 1ayer 20.

The removal of the substrate 11 under part of the thin
layer 13 results in a better trade-off between the on-state
resistance and the breakdown performance. The uniform

15 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
substrate 11 is removed under part of the thin layer 13,
there is no substrate parasitic electrical and thermal

20 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
conductive to help dissipation of heat from the membrane

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

“ Figure 32 shows schematically an example of a
membrane power device 10 according to the present invention
in which dry back-side etching is used to produce the
membrane 16. The walls of the remaining portions of the

30 substrate 11 are vertical as shown in Figure 32. Following

the membrane formation by dry etching, a terminal layer 103
is applied to the membrane bottom surface 17 to form one of

the main terminals of the device 10. As previously



in Figure 31. In this exanple, a termnation region 106 of the device 10
is placed outside the nenbrane 16 whilst the active region 18 is placed

wi thin the nenbrane 16. The 10 term nation region 106 is used in power
devices to suppress prenmature breakdown at the edge of the device 10 while
the device blocks the voltage between the main termnals. The termnation
region 106 does not play an active role t#3the on-state and hence
substantially no current conduction 15 takes place in the term nation

region 106 duding o stlaé edrppetahi BAs fReNhAvEhsagehe et Hiat e/d1esiest ance
and power | osses, |t is desirable that the drift layer 20 is as thin as

possi bl e. HARSERLed P¥Uppor 828 kRgRER BrBak¥aRA At tife nAUARILRdge and
thus force agl éégélaAo né%{lrga&ﬂot‘!‘ﬂe ?n?&ﬁgésgn EQ‘EP%OS%EL& 90y 4 he

termnation r 6 is preferre i cker thi s reason, the
active rem<ﬁhéMbﬁdrerﬁhmedreasDdethbemembhaaae1361@e@amleMﬂddncqnuﬁ¢mably
the termnation region 106 |lies outside the nenbrane 16 on a thicker

| ayer than the nenbrane 16. The ternination 106 in 25 this exanpl e henefits
from havi ng a sub%ltsﬂa]fe 11 GRE¥PneaFfKOSRNPERTLRE Ot &hes A91E Spridhdihy i

the depletiof Qfc 9.8 thdehiKobydrotl | o E@%ﬂ%@t&%&%% K% g i ah

vol t age across e main termna PESf m nation region
substrate 1]1:1'rmydéraycee aldi I’L{sepéat:edopurtrgldlearuhkhmedﬂarfane 3k Ivd'ynélrstQO:lm aced

within the active re |on pr err odi nent, the ubs rate 11
S ore | owlSF IR CERaR Hhe dr PACRYFORISS. Chfe EOAAA | Sn 106

can be if therhordm pbnhi-g8hyndeped it e@teangnr ?’E‘ﬂfér( @m#rw% pss
encircling the active region 18 of the device which help to spread the

depl eti on r egfiormioare Pargkdonneatathehedssucifasde drohiqmi¥0 ofhilegshe

;"‘hg‘ZL;‘”d' NGad s LG PRARE L RE! VBETR aLAC Ve Wbl N i f NG Ll ¥ 01 tAgE,

termination region 106 does not play an active role in the
on-state and hence substantially no current conduction
15 takes place in the termination region 106 during on-state
operation. To minimise the on-state resistance and power
losses, it is desirable that the drift layer 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
20 active region, the termination region 106 is preferred to
be thicker. For this reason, the active region 18 is
placed inside the membrane 16 region whilst preferably the
termination region 106 lies cutside the membrane 16 on a
thicker layer than the membrane 16. The termination 106 in
25 this example benefits from having a substrate 11 underneath
which facilitates the spreading of the depletion region in
a wider volume while the device 10 blocks the high voltage
across the main terminals. The termination region 106 and
the substrate 11 may have a different doping than the drift
30 1layer 20 placed within the active region 18. 1In a
preferred embodiment, the substrate 11 is more lowly doped
than the drift region 20. The termination region 106 can

be in the form of highly doped floating rings (known per



5 reducing the risk of edge premature breakdown. This term nation, known
as floating ring termnation, may conprise field plates and
channel / depl eti on stoppers. Alternatively, the termnation nmay be in the
known form of junction term nation extension (JTE) or field plate 10
termnation. Figure 34 shows in detail an exanple of a nenbrane verti cal
power MOSFET according to the present invehtion in which the active region
18 contains a drift region 20 of n 15 conductivity type placed within the
menbrane 16 gwi)t kenriddriidgathomnadcegrenrdg§bonl asedfouhei deviibe rmEniamd
region 16. In this-exanple, the termnation region 106 is made of several
concentric #16d& %y HIFAY dopedrPLeypelr FRgECR09™ and2XIFNATSH @ Foped

n-type depl efj,qn, St ORRRM Mgy 198 2054 NG PAVBENNPREET nhasihighlae doped
n-type source 109 and drain 122 regions, an insulafed gate formed by an

i nsul ati ng leyevectPrrand & fodgsidncoh/ hbeakotayervolobgenhitdler®dts as a
control termnal., The source termnal 104 is placed,on the surface 15
and the &rairﬁ‘fbﬁﬁﬁ%gﬁhelo@% ?i %$9§cﬁﬁam?l6ufﬁe%ﬁ§ﬁ§%§)ﬁ'g'bo%ﬁ@fﬁ surf ace
17. The sourGsmitidial Mweontact 6abohl trhegsewraenaedicd) k8, and the p

wel I 120. The drain term nal_ 103 contacts the highly doped n-type drain
regi on 122. crHeowis afiord oplahes MISREThpAnel Hdepestigne StENREY Dn t he

formati on of,.an inversi I r e _s a n a
gat o vol t agd | SR TLEP BHRC-EBnthat Bar MRS 05 P Pl Sk W

el ectrons arpuidt@anspotéedi fiaotvhhexseusdenr égiran a9 Adied d tdimatsai d
inversion layer forned in the p well 120 through -45- the drift region 20
to the drQi FEEHRAA22: To mininmse the on-state resistance, it is

preferred that the drift region 20 is thin and relatively nore highly

doped compared  pjgqure 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
15 conductivity type placed within the membrane 16 with a
termination region 106 placed outside the membrane region
16. In this example, the termination region 106 is made of
several concentric floating highly doped p-type rings 107
and a final highly doped n-type depletion stopper ring 108.
20 The power MOSFET has highly doped n-type source 109 and
drain 122 regions, an insulated gate formed by an
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
25 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 contécts the highly doped
n-type drain region 122. The operation of the MOSFET in
the on-state relies on the formation of an inversion layer
30 at the surface of the p well 120 when a gate voltage is
applied to 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



to the substrate 11. During the off-state, when a high 5 voltage is applied
across the main termnals 103,104, the drift region 20 is conpletely

depl eted of nobile carriers and supports the |largest fraction of the
voltage in the active area. The potential lines in the drift region 20

are parallel to the top surface 15 and the nenbrane bottom 10 surface 17
and ideally uniformy distributed inside-#he drift |ayer 20. In the

term nation region 106, the depletion region has nore roomto spread.
inside the wshbsdrate tédgibhepeby cavbiedidit iGr awdjing of2pot endi@iniwides and
premat ure breakdown at the edge of the drift region._ 15 The substrate 11
may be nore TR 9nddpediet KEA1ERETSE f dde 1soPuHE K% Hhat ohhe e§FdHE 106 and

the drift regégf'oﬁozo'ﬁs shoul er%?taptq_vterl. nid! %%%g&%ﬁ%&i%@%{'&d

on-state current conduction in't erm nation reg ore
the thick antorehat svkesyrhoel ¥ 1dop&rsiongs totet e fifl- dhtdweswineh af hegh

adversely the on-state resistance and does not add addjtional power. |osses
as voul d Paviebeade  bf haPRILE e epaaen T T S jrRAT e 1 11 fad? BlenthF esent

under the megbyanerd§ioht 20 lils bempdelstoetdinated U RbBPLECELYrithE
internal structure of the MOSFET is only 25 shown in two dinensions in
Figure 34. FegdrsuBBoshewshg delraiestt & yeatsipactdehe evwpbfage3bn heebr ane

power device_10.wt terminal. .103 .pl.aced on th bottom 17 of th
R R B P T D SO Al G pher e aboaeeh €

r
menbr ane 16. I region r ane” power ~dev S

conpri sed ofageveaablpalr scothe, top regiferse L0, dhid thepastdranet bet Xom
pl ane such that they formtransverse junctions in the z direction. |If the
regi ons 190, $4ufare tii arer HOeaHe 2rdifadtivorl i Hant Pyt efelngsdeythe

oo B84 Ly LSO 20l ietod 387 2081 e L 1
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 region.

15 The substrate 11 may be more lowly doped than the surface
of the termination region 106 and the drift region 20. It
should be noted that there is substantially no on-state
current conduction in the termination region 106 and
therefore the thick and relatively lowly doped substrate 11

20 does not affect adversely the on-state resistance and does

- not add additional power losses as would have been
otherwise expected if the substrate 11 had been present
under the membrane 16. It will be understood that for
simplicity, the internal structure of the MOSFET is only

25 shown in two dimensions in Figure 34.

Figure 35 shows a schematic perspective view of a 3D
membrane power device 10 with a terminal 103 placed on the
bottom 17 of the membrane 16. The drift region of the 3D

30 membrane power device is comprised of several pairs of n, p
regions 110,111 disposed in the x,z plane such that they
form transverse junctions in the z direction. If the

regions 110,111 are thinner in the z direction than in the



applied across the main bottomtermnal :LO3 and a top main term nal (not
shown) placed on the top surface 15. This 5 ensures hi gher breakdown
ability and that the potential Ilines are parallel to the top surface 15
and the bottom surface 17 and substantially uniformy distributed across
the drift region. 10 Figures 36a to 36¢c show schematically an exanple of a
met hod of fabricating a device 10 accordit®y to the present invention. In
this exanple, the thin layer 13 conprises a sem conductor |ayer 14 under
whi ch i s previddetct imrri ethe idsifiat ragioni 2é Hdapéetb8 dadeerwhiclithes z
provi ded the 15 substrate 11. in the exanpl es descri.bed ahove (f.or
exanmpl e wi t%lrrgf:é:rlé)ﬁbet %IF}rr@u'fA%eﬂ é%ﬁ%cgé CHﬁSBCPo 198U % IF bel ow

the buried izpspuliald Nt Syered0 hsinPebtish! YetpamRYed by RaeK=Sid® &lGh ng
with the buried insulating layer 50 acting as an etch-stop to formthe 20
menbr ane 16 texsnigizdwn(nior Filgewe) 3Bdaced ohi shexanapl surdecs ddi-catBds n

Figure 36b, the porti.on of the buried_.insulating. layer.50 bel qw.the
nenbrane%goﬁﬂ%ﬁ#%) Q%ébe%e%¥%%% 0é o?bfg§§y T28i§h8r58hfhéﬁﬁ¥ﬁﬁﬁﬁkd SO

that the expesed healtmmrslréacecoththecpeniednductiar anay @helbotxdu ovi des
the bottom surface 17 of the nmenbrane_16. This renoval of the buried

i nsul ati ng 1S3y 1h 3Mé FegFbArbialiHeURdABERAZ P4 SEMibnsed tashasStal
layer 103 tqhe fdeposited; ,Qn the back-side of the device. As shown, in
this exanple, the bottomterm nal |ayer 103 extends over the whole of the
30 bottom surface 17 of the menbrane 16 and down the inwardly facing

si dewal 130 and undergutes bds s onvosBetashswobchhaatiemiily Ry leegrmdrd icdns of

e Substrote ol fhaiiee. 3T Loq0, show scheratical . g1aml 55, 2
invention. In this example, the thin layer 13 comprises a
semiconductor layer 14 under which is provided a buried
insulating oxide layer 50 under which is provided the

15 substrate 11. As in the examples described above (for
example with reference to Figure 9), the semiconductor
gsubstrate 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 form the

20 membrane 16, as shown in Figure 36a. In this example, as
indicated in Figure 36b, the portion of the buried
insulating layer 50 below the membrane portion of the
semiconductor layer 14 is also then removed so that the
exposed bottom surface of the semiconductor layer 14

25 provides the bottom surface 17 of the membrane 16. This
removal of the buried insulating layer 50 in the region of
the membrane 16 allows a terminal layer 103 to be deposited
on the back-side of the device. As shown, in this example,
the bottom terminal layer 103 extends over the whole of the

30 bottom surface 17 of the membrane 16 and down the inwardly
facing sidewalls and under the bottom surfaces of the

remaining leg portions of the substrate 11.



menbrane bottom surface in an integrated circuit containing |ow

vol t age/ | ow power devices and circuits and ot her power 5 devices. Figure
37 shows for exanple four nmenbrane power devices each featuring

i ndependent termnals with four main termnals 103 attached to the bottom
of the menbrane, and 10 four main termnals 104 placed on the top of the
menbrane. | ndependent control termnal ss405 can be used to control the
operation of each individual power device. The power devices placed on the
menbrane 16 are iFdoghateed ¥T am et hshow hechéthaviighllgokabmpld elsaydr &t 19 as

described in previous 15 exanples. Figure 38a sho a _sch tic
cross- sect i BRTOF2RSHAMNET i‘ifﬁve]gq%t]e%l ‘6?’? u?ttﬁﬁm%\ﬂ%@haEBﬁnggﬁs toh&EBSenbr ane

pover devi gekQ Wd A B el ef i daln 103 appbiedeba bhehatt apndQ isuriace
and | ow power CMOS and bi pol ar devices 41 placed outside the nmenbrane 16.

Al ternativellpw tvied tades lamd phipol devtees casd4diranisbs ande gfihegedamiethi n
t he nmenbran 16 _as shown in Figure 38b or on a separate nenbrane 16

f ormed oéer%FP(écseﬁfe original substrate 11 as shown in 25 Figure 38c.
Preferably the bottomterm nal 103 does not extend under the | ow power

devices and circyifigirelhe; &30P opf ckh@iplie 88drdinbh@rsinke ¢ovdiat of
Figure 38c in that the isolation |layers 19 are placed outside the

menbr anes 16levd@ekheeasth uktaresinaowndspredant caPrpinglE gliitds B3og mpimgd
are SO cor conondents 0, those shawnoi DEi gures.382 oo 3dpddnd Nese:
exanpl es, theinsulating |layer isTused as an etch stop to formthe
menbr aneg gl 6.folhe maisul dimina bye1 04 481ab8dabaothel popt @fi stleatmenbyding .dual
devi ces placed within .
Independent control terminals 105 can be used to control
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

15 examples.

Figure 38a shows a schematic cross-section of a power
integrated circuit 40 which contains one membrane power
de&ice 10 with a main terminal 103 applied to the bottom

20 surface and low power CMOS and bipolar devices 41 placed
outside the membrane 16. Alternatively, the CMOS and
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

25 Figure 38c. Preferably the bottom terminal 103 does not
extend under the low power devices and circuits. The
example of Figure 38d differs from that of Figure 38c in
that the isolation layers 19 are placed outside the
membranes 16.

30
The structures shown schematically in Figures 39a to

39d are SOI corespondents to those shown in Figures 38a to
38d. In these examples, the insulating layer 50 is used as

an etch stop to form the membrane 16. The insulating layer



the thin layer 13 fromthe substrate 11. Figures 40a to 40d show
-schematically possible ways to 5 integrate nore than one nenbrane power
device with independent nain bottomtermnals 103 in the sane power
integrated circuit 40. In the exanple of Figure 40a, two power devices 10a
and | ob each having a respective bottom main termnal 103a, 103b are
integrated on the same nenbrane 10 16. |I™8he exanple of Figure 40b, an
insulating layer 50 is used to formthe nenbrane 16 and hel p isolation of
i ndi vi dual deviade® Mdlpan tdei pohrtei hhéfratadlcdevdices4®lacHie weanpl e of
Figure 40c differs fromthat_of Figure 40b in that the outer isolation

| ayers 19 ar@€pItdddy RHeT de’ 15vPRet RBnBFRAET26S FHe i nner isol ation | ayer
19 in the exanple of Figure 40c which separates the first power device

| 0Oa fromthe sec r vice b i Lt hi :
; 1&%‘$ 4 .
al so shown in th(caﬂgarrp e (g% ?Il:(?gﬁ!r)g iggwgﬁﬁeﬁaﬁtgqggal%}ﬂgoof |lgsﬂe 03:,%the
menbr ane overt edmatzesn@fe lflaad Obnbamenhrande peweenidehdideomittdr m nal s
103a, 103b respectively are placed on ditfeient nmenbr anes 16a, 16b

respect i vel Y IGRAWIHoVRA 1RePebREMoF EMARRLSUBSEr 4T TRE SafF iRV e the

menbr ane powefr devices &1 pmngachoot hep, rae bubikel EMIRRE-LEG MG My
contain one i1solation layer 25 19 is forned above the origi nal substrate 11
and pl aced dwstaratevizead] @geandnifbr aaehpbaeringewi cesSpECE, iMh . botRiquir es

41a to 41c show in nore detail les of _.a nenbrane vertical power
VCRFET. Fi ottt ga T ol B0° nAPaRE oy ot PEAT BSnar NS e S BTSARS o
an embodjgents . ofid hengresanplenventigaresivng,t ke Kl MG tiephanolsgy.
The power MOSFET has hi ghly doped n-type source 109 and drain 122 regions,
an i nsul at ed-gateed of BY) Bhe- merbrasg afi agd AP iEPiddp of

p0|y5iliCOW@Hﬁfﬂi&&erd49§ces within the power integrated circuit 40.
The example of Figure 40c differs from that of Figure 40b
in that the outer isolation layers 19 are placed outside

15 the membrane 16. The inner isolation layer 19 in the
example of Figure 40c which separates the first power
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

20 10a,10b having independent bottom terminals 103a,103b
respectively are placed on different membranes 1l6a,16b
respectively formed above the same original substrate 11.
To isolate the membrane power devices from each other, a
further membrane 16c which may contain one isolation layer

25 19 is formed above the original substrate 11 and placed

between the adjacent membrane power devices 10a,1l0b.

Figures 4la to 41lc show in more detail examples of a
membrane vertical power MOSFET. Figure 4la shows a
30 membrane vertical power MOSFET according to an embodiment
of the present invention usingrthe knowrn DMOS technology.
The power MOSFET has highly doped n-type source 108 and

drain 122 regions, an insulated gate formed by an



which acts as a control termnal. The source termnal 104 is placed on the
top surface 15 and the drain termnal 103 is attached to the nenbrane
bottom surface 17. The source 5 term nal 104 contacts both the source
region 109 and the p well 120. The drain ternminal 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+qasersion layer at the surface of
the p well 120 when a gate voltage is 10 applied on the control term nal

105. In thi s aRdgtingl @GhEANS AT & dd ansRoryed {sony hbeasoungerr ggson 109
via the said inversion layer formed in the p well 120 through the drift

regi on 20 twhihbk dcéienaseg ezl Mgiminahe Dhe-sparee hRsniaahi gR4
voltage is applied across.the nain 5 t inals ,103.104 he drift gi on
20 1 2 conp! SPePYAEN Blod T b T E T | B S and- SOpPERLE ERETARGedPS
fraction of jthatrakhage to e rasibehares: t Jhes et £k al7 . | iThes sbarthe
drift region 20 are parallel to the top surface 16 and the nenbrane bottom
surface }7 BAEMigedl LY LFEWHFTTIBOHR st bIRRECE nSEEECEN& 08r PRE [tR§eP 20.

The highly e -t j.n, | : Li I
prior to thggggcgggrdgﬁE%gﬁétﬂ}éﬁ%ggy%%%sf§%eggﬁgﬁggénggf6ﬁxgﬁlya?ég%gy,
the n-type hayepeldZanmy degyiusedli2as drhe nopergtiorans tbesMOSFERe in

back-etch using a known 25 el ectrochem cal technique. To facil.itate the
el ect r ocheni &?ogf@ﬁftﬁhégﬁﬂﬁﬁr?ﬁeghﬁ.ﬁ%ﬁm%%l%? %EtﬁﬁelnHSEFﬁGnt ¥5rm a

junction with the sixddrd We dives J22 The exaAphegateFvgaragtlhdiffers
fromthe exanple of 30 Figure 4l1la in that the highly doped n-type drain

| ayer 122 pppildededrby skt wpl biemkrinabatRSsi déndEpasi roge .after the
gg??gﬁ?gu3?§g%c%%%%%fé?l¥ﬁ%fg§%éb£€g&1Pgémlgﬁei§0898Ei?ggﬁgntq%9”%qEJane
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
15 terminals 103,104, the drift region 20 is completely
depleted of mobile carriers and supports the largest
fraction of the voltage in the active area. The potential
lines in the drift region 20 are parallel to the top
surface 16 and the membrane bottom surface 17 and ideally
20 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
25 electrochemical technique. To facilitate the

electrochemical etch, the substrate 11 may be of p-type

doping to form a junction with the said n-type layer 122.

The example of Figure 41b differs from the example of
30 Figure 4la in that the highly doped n-type drain layer 122
is formed by masked or blanket back-side deposition after

the membrane 16 is formed. The drain terminal 103 is

applied to the membrane bottom surface 17 after the



menbrane 16 is forned and the n-type drain layer 122 is introduced in the
menbrane 16 fromthe back-side of the device. 5 Figure 41c shows an
exanpl e of a nmenbrane vertical power MOSFET according to an enbodi nent of
the present invention using trench technology. The structure in Figure 41c
differs fromthat shown in Figure 41b in the way the insulated gate is
formed at the top of the structure. In d19othe structure of Figure 4l1c, the
inversion layer in the 120 is forned vertically, substantially

per pendi cul glert-drlte 14 oPs sbtacq idrd TheSnstipet Wke ihas dhe- advantage of
enhanced channel density and higher packing density. 15 Figures 42a to 42c

show i n det dintmdinpi@sinf tiyerngobrangnidfl ares Ghee bBigFol sirdeTrahsitst or s
(1GBT) nean%Qekggmer devices in which bipolar conduction within the drift

region 20 stispended on the menbrane 16 is enpl oyed and which generally

correspond to the menbrane vertical power MOSFETs 20 shown in Figures 4la

to 4lc. The main @idhesence sRokBean! ERAGPIE biFe aUsRdrahdlighiy: @oped
p-type hole injector anode layer 123 in contact with the anode term nal
103. Bi pol @owpndiRIFBR atceréivdr Fentn smbgedmemt A1 Eherpessirlul ar to

the top surfac : LS_ch ri 5 cC UGt vi t.y j [ n
the drift Iévggﬂ%glggd?% ﬁ@eg%§§EROE§§ g?éoggftaggghgg%xg%?%ggd##2§%ﬁ?ﬁ%
| ayer 20. Theid-dypeebsf feoml ajat $R2wandnt e goriey ga aniodec Hawesy 123 may

be fornmed prior to the formation of the nenbrane 16 as shown in Figyre 42a
or after thet?9ihEsdnIsEet he AerBenetathes o8 Stoll's PHEMYr e A2b. 1 gur e

42c shows, a ¢gench-yyanhlantrokibhecmeAkr anRg el Bl oW iThd Juie 4. 134
Figure 42a, the anode |ayer 123 may be used directly or indirectly as an
et ch-stop toidoformée venbianély6. subgtantially perpendicular to the

top surface 15. This structure has the advantage of

enhanced channel density and higher packing density.

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

20 shown in Figures 4la to 41c. The main difference in the
IGBTs is the use of a highly doped p-type hole injector
anode layer 123 in corntact with the anode terminal 103.°
Bipolar conduction of the current is substantially
perpendicular to the top surface 15 and is characterised by

25 conductivity modulation in the drift layer 20 to reduce the
on-state voltage drop across the drift layer 20. The
n-type buffer layer 122 and the p-type anode layer 123 may
be formed prior to the formation of the membrane 16 as
shown in Figure 42a or after the formation of the membrane

30 16 as shown in Figure 42b. Figure 42c shows a trench
variant of the membrane IGBT shown in Figure 42b. 1In
Figure 42a, the anode layer 123 may be used directly or

indirectly as an etch-stop to form the membrane 16.



Figure 43a and b show exanples of a power integrated circuit containing two
vertical power MOSFETs 10a, 10b using trench technol ogy and suspended on
separate nmenbranes 5 16a, 16b. In the exanple of Figure 43a, the devices
10a, 10b feature independent termnals and are isolated fromeach other

t hrough the use of a third nenbrane 16¢c and an isolation |ayer 19. The

t hree nmenbranes 16a, 16b, 16¢c are forned intthe sanme step and in this
exanpl e by use of a 10 back-side dry etch which results in vertical walls
for the remmining leg portions of the substrate 11 which, as previously

descri bed, are aGMQﬂhageDME drot Iohéladbuni egarapl bet ber acpbiveal iokegie tee@nbr ane
area and integrating a larg nunber of devices within the sanme chip. The
exanpl e of fBrFPdGr§qE§?ﬁQ$Q9EKYOV%?¥%h?a%fP?W%rewgﬁﬁﬁgsoﬂOPIé@Peu§3§9

The isol ati Q&Len%xﬁerté&lﬂ&égﬁ) Sa&ils@uéﬁeﬂ?a@&egnOHé?hgﬁtEhﬁ\en%‘}EW sanes 16a
and 16b and together with the buried dielectric Tayer 50 ensures an

effectivé |§6bamam1(ﬁInrﬂhetaxammwerOEewlgese1@aa10bhérd&wéaem AatolagrL.0bThe
exanpl es in 20 Figures, 43a

i ntegrat ed ifF 3t z%ﬂ??ﬁﬁ?ﬁ%q) %ﬁ@l%¥% ﬂaﬁﬁFﬁnésﬁgﬁggd %C§Wb§?céan be

used in a Siginear taoRsHl dﬁ@'@é@%f@%l@@ﬁ& m&fBeEnas 1860%61' R hi's
figure. 25 Although the above exanples refer primarily t silicon, the

power nenbr&ﬁ@hﬁ?AQﬁxiaﬁeRkkﬁpre%b%tthrﬁﬁemﬁmbﬁaéaﬁ béabdﬁkbléﬂ aitiser
Sert Conduet ¥ G 5d o Loy LEOBER! Mot RL £ lemyd, Cose
thin | ayer backecan dee dmdestofh widechandsgaps mheveaticaSUChzaa&sdlfmrtdme
"2 Caks, AN AN 3 QS SO PS.ImOE Ol "SLELRLUnS e onTuE 4%
previously described, are advantageous for obtaining a
better control of the membrane area and integrating a large
number of devices within the same chip. The example of
15 Figure 43b 1is a SOI variant of the example of Figure 43a.
The isolation layer 19 in this case is placed outside the
membranes 1l6a and 16b and together with the buried
dielectric layer 50 ensures an effective isolation of the
two power devices 10a,l1l0b from each other. The examples in
20 Figures 43a and 43b show two membrane power MOSFETs
integrated in the same chip, but any other membrane power
devices can be used in a similar way and isolated from each

other as shown in this figure.

25 Although the above examples refer primarily to
siliccon, the power membrane devices of the present
invention can be built on other semiconductors, such as for
example silicon carbide (SiC), diamond, GaAs, GaN or other
ITII-V materials.

30

The drift region as part of the first thin layer 13

can be made of wide band gap materials, such as diamond,



GaN and Al GaN conbi nations or other suitable materials. The insulating

| ayer 50 is described primarily with 5 reference to silicon dioxide but

other insulating or sem - insulating materials, such as dianond, nitride or

conmbi nations of nitride and oxide, can be used. The heat sink |ayer 45 can

be made of dianond, 10 alum niumnitride, boron nitride or other materials

with good electrically insulating propert?2es and hi gh thernal

conductivity. Sone exanples of the thickness of the nenbrane 16 have 15

al ready beegagisveczabauel Ehevnl ¢yn ba aaflat efahetevicdenctimmsmevniars 16
may have a thlckness in the range Imto 10m or r rally, in

a vertical §&¥ é&d &N aﬁhoﬁﬁyoﬁaQEhﬁrtﬁP&gnégg|W?9ﬂﬁ% gey6n1or

10m to 60mor 100m or 180m or so. 20 Enbodi nents of the present invention

have been described with particular reference to the exanples

illustrated. Fbméverln&uhw¢in@elappreﬁDa@éddﬁﬁgﬁlbﬂ@wgnhmﬁﬁﬂkﬁuﬁlth

nDdlflcatlon%ﬁgg%% de t t%%ﬁNélof 5§§b%§ g%ﬁ%? Q%%luﬁé& tggagﬁgpg of

t he preséht over “Sefm ¢on evi ce on a
sem conduct qrnsm@ctlrzeg Qnatt@ﬁl@DW?r s8eni a@ndmam@hddevimfrﬂwlcng an active
region that includes a drift region, at least a portion of the drift
regi on bei ngqvnaert® af rerbFafe RBG RE1EEpoSEd BFp UERE bot t om surf aces,
the top surface of the nenbrane having electrical term nals connected
directly or indirectly thereto to' allow a voltage to be applied laterally
across the drift TegilosatthinBelrbgenddst oan debsacat ethadangpred gap such
that the bottom surface, of he . . .

1 aluminium nitride, boron nitride or other materials with

good electrically insulating properties and high thermal

conductivity.

Some examples of the thickness of the membrane 16 have

15 already been given above. Generally, in a lateral device,
the membrane 16 may have a thickness in the range 0.lum to
10um or 20um or so. Generally, in a vertical device, the
membrane 16 may have a thickness in the range 6um or 10pm

to 60um or 100pum or 180pm or so.
20
Embodiments of the present inventicn have been
described with particular reference to the examples
illustrated. However, it will be appreciated that
variations and modifications may be made to the examples

25 described within the scope of the present invention.



menbrane has no sem conduct or substrate positioned adjacent thereto. 2. A
power sem conductor device having an active region that includes a drift
region provided in a layer, the layer hejsng provided on a sem conductor
substrate, at least a portion of the sem conductor substrate bel ow at

| east a portion of the drift region b%.gr&ermved such that said at | east
a portion of the drift region is provi a nenbrane defined by that
portion of the |layer bel ow which the sem conductor substrate has been

renoved, theltop A pHiaEesohitbgaietbranevhayi B 8l eehliictdladtiJp nal's
connected directly or indirectly thereto to allow a voltage to be applied

| ateral |y actdsstiafe driie peyebnsenicanfmstesntevlicabhevimgerran active

' duct lev] - ' ' ted ci i.t, the device havi
nactive  rOSToH 1 HaT hadkS oS E T RPON™ Pl 452 ta pERHORTOPE | he

drift regiortheidig P ovégloeh i be engepboangefayhng meRBRSSE HaRi1gRd bottom
surfaces, at |east one electrical term nal connected directly or

indirectly tWPRIFED dPP stnd deet bl avrfeass, ohbeekeopt suedlcrerati riale
C e o dhPEe a Ml SELLY L0 e BRLEQTLSUGL AR L0 A o g, ol ! 208

to be applied vertic 0SS regron, Pface
of the nmenbriams ettt haviingrato seai sdbducaorosubgkr abe bRosigidiared adj acent
t her et o. 4.6¢%NCS-controllable ower sem conductor device for use in an

p . . .
integrated it @hall¥ RSP cEhRadrhft areateRvethpegieny comsuatedl udes a
drift regi onsyyavded dh.prbaye I LN _QVi n_a
sem conduct or substrate, atéT %eg%? %Gggr?ggﬁ gﬁbtﬁggggﬁ%%ggg%gbeféﬁggtrate
bel ow at | ewgibrarporitd ®mofsenmieondudtor swgstate pesitigned adjesens theetohat  sai d
at least a portion of the drift region is provided in a nenbrane defined
by that portion of the |ayer bel ow which

2. A power semiconductor device having an active region
that includes a drift region provided in a layer, the layer
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
the semiconductor substrate has been removed, the top
surface of the membrane having electrical terminals
comnmected directly or indirectly thereto to allow a voltage

to be applied laterally across the drift region.

3. 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,



t he senmi conductor substrate has been renpved, the nenbrane having opposed
top and bottom surfaces, the bottom surface of the nenbrane not having a
sem conductor substrate positioned adjacent thereto, and at |east one

el ectrical termnal connected directly of,indirectly to the top surface
of the menbrane and at | east one other electrical term nal connected

directly or cipdi bot t surface of the nenbrane to allow a
voltage to Eeghsﬁﬁ?%%y %ﬁﬁ%%ﬁ%]?@ g%%o@%m?ﬁ%nﬁrp?F g@§?8ﬁla5. A devi ce

accor di ng t seanycofdud timesiubd or gt e Wies et fon8al ¥apaeknel +Hagdrj ft region
is provided in the nenbrane. 6. A device according to any of clains 1 to
4, wherein the whole of the drift region is provided in the nenbrane. 7.

A devi ce accog di ngatmoanyontrelabpielpbact, seaipbnsiuagoratddweiass fe use
isolation layer surrounding the drift region. 8. A device according to
claim7, wherBrndthénhedrahst cémnevisol & PoﬁeWéyérQQ¥H&QmﬁQkﬁFq%V%ajd

menbrane or | i oS CPRL AL EnABIREENE 12 i gX! eBd i bRomIRE JoP ST ach of, the
menbrane to t %@ %tton1sur?ace.of t he ﬁenbra%é. -g%; 9. A devi ce according
to any of clathe layer8pedogppirsvagedabnl easemigenids@itain gubdstymate, at

surrounding the drift region nd, provi ded aut si de the nenbrane. 10. A
devi ce accgrdrﬁﬁsgoaaﬁ9r ﬂoe|g?n§h§ F&méFoﬁﬁgFZPﬁ %H%?Qﬁgggéhékﬁﬂ The
isolation |ayeeaks Bre¥rdednbyr ehecuriigal Inggikeulaling reEfddl sudi - tiht

device according to any of clains 7 to 10, wherein the or at |east one
i sol ation | aygalfisapr dergé&dabpogthioghiof theped iddmresiductior pegerdsthiieh in

e o eop LU R IR R cs A Syl Al er b 7 50, o
and the semiconductor substrate has been removed, the membrane
having opposed” top and bottom surfaces, the bottom surface
of the membrane not having a semiconductor substrate
positioned adjacent thereto, and at least one electrical
terminal connected directly or indirectly to the top
surface of the membrane and at least one other electrical
terminal connected directly or indirectly to the bottom

surface of the membrane to allow a voltage to be applied

vertically across the drift region.

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

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.

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

at least one isolation layer surrounding the drift region.

8. A device according to claim 7, wherein the at least
one isclation layer is provided in said membrane ox in a
separate membrane to extend from the top surface of the

membrane to the bottom surface of the membrane.



further conprising 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. 13. A device according to any of clainms 1 to 12, and:
further conprising 4t least orie |ow voltage device, 14. A device according
to claim 13, wherein said at |east one |ow voltage device is provided in
sai d nenbrane. 15. A device according to €b&rm 13, wherein said at | east
one | ow vol tage device is provided outside said nenbrane. 16. A device

accordi ng toscl ai m tmvinteretcosaidgatol aagt crfora aiew Violdage, deyhse: & tng
provided in a further nenbrane. 17. A device according to any of clains 12
to 16, conprP&i AG3&ET IRt TPEP T SOT at PBATI SPErousEiing sdiatdonft 5eegiayer

providing el ggtyri | aty,089; het ween .adj t devices. 18. A device
according to cIa?H1i?] ere?nltﬁe saigggFggﬁgfion | ayer is placed on a
further nenbrane. 19. A device according to claiml or claim2 or any claim

when dependent therepn,. conpri si an electrically . insulating and
thermal |y corduct %\/éﬁfvajycé‘? n%ﬁf%f‘gﬂrt"gt he 2B&t FEmSWiftte’ dt° the WerHPHhe.

20. A devicerdecidifng 102 6¢ abAe 15 0616k3M 4 Yo @) G dependent
t hereon, wherein the nenbrane conﬁrises a sg'ﬁ%ondu%%opﬂkaﬁgsg%rovided on

an el ectri calllypdtsigatingintayer ingimapedewilce according to claim1 or
claim2 or any claim when dependent thereon, conprising a nmechanically
strong and electrically insulating |ayer provided under the nmenbrane. 22.

A devi ce accandi N\ tdedie OhceballiBgl b0 adls ShelRiims theedlridt §B&lOM has
a non-uni form dopi ng profile. _ :
the or 'at least one isolation 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.

12. A device according to any of claims 1 to 11, and
further comprising at least one additional power device
having a drift region at least a porticn of which is

provided on said membrane or on a separate membrane.

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.

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

one low voltage device is provided in a further membrane.

17. A device according to any of claims 12 to 16,

comprising at least one isolation layer, said isolation



23. A device according to claim 22, wherein the doping concentration of
the drift region at a high voltage termnal side of the device is
relatively high and the doping concentration of the drift region at a | ow
voltage termnal side of the device is relatively low 24. A device
according to claim22 or claim23, wherein the doping concentration of the
drift region varies linearly from one si®of the drift region to the
other. -57- 25. A device according to claim1 or claim2 or any claim when
dependent t hexyon, PWABEELAS Ivd afttificaledgi vl aohpr i keswean Redscento

sem conduct o Igggés of alternating conductivity type arranged one above
the ot her an n--contact wth each other. 26. A device according to any of
claims 1 to 24, wherein the drift region conprises a plurality of

lateral |y afljacent dsericeoRdeEAHideHONS1HImal b erpaLiagnconduchiiv ty
type. 27. A device according to any of clains 1 to 24, wherein the drift
regi on conprisesahiphudaliety icf nlaeedl Py aabiputhar wembcenductor cells of
alternating conductivity type arrayed around the plane of the device. 28.
A device according to any of clainms 1 to 27, conprising a term nation
region adjacept ta aediice ceiAEdingM td ¢heidrifbrr egaem 2saird g @1RAM ON.
region being provided to reduce the effect f premature breakdown at the_
edge of the WRPRt AERGPEENL2G R RN cROHREDF HRHgaNoceratHIZ8 Ll dher ei n at

| east a port]j : 1 i i i i ced.insi de e

menbr ane. SOEh%GéE&ﬁ% 5%@%?3%%%ﬂ%gfglg?%?%%#Qgﬁe?g?%§a?gpgg§%gﬁtﬁ%%rtion
of the sai d berromatsiugrfaceygiconh tlse phavkdaneat si de

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

layer.

21. A device according to claim 1 or claim 2 or any claim
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

the drift region has a non-uniform doping profile.

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

terminal side of the device is relatively low.

24. A device according to claim 22 or claim 23, wherein
the doping concentration of the drift region varies

linearly from one side of the drift region to the other.



the nenbrane. -58- 31. A device according to any of clainms 28 to 30,
wherein the drift region is nore highly doped than at |least a portion of
the term nation region. 32. A device according to any of clains 28 to 31,
wherein the drift region is nore highly doped than the sem conductor
substrate. 33. A nethod of formng a |ateral power sem conductor device
havi ng an active region that includes a dA%t region, the nethod
conprising the steps of: formng, in a |layer provided on a sem conduct or
substrate, a power sem conductor device having an active region that

includes a drift regqgion; and Gggpvin at_ |l east a portion_of

) th -
seni conduct o#5 - subsEF¥EESHACGR A TR S PUPtT ont of TEAR dr Pft a%é(gic&r?lghch

that said at ﬂx@ﬁsae?eﬁ@%'frﬂto&k@réd}?, dindte €0t 108 88irPr o¥idesd idempriRydy ane
defined by t hat portion of the layer below which the seniconductor
substrat e hast bteastefmwvedemnigvidystovt dl aigees eefr péhProattiact s on only one

surface of the.power .sem _conductor deyice. . A pet hg ccaordy to claim
33, wherein %%PﬁgsﬁgWéigttX?%xﬁﬁ%%%ﬁ%§ he %éﬁygon uc gp’%ﬂﬁ%ﬁ%ggé is
removed by wepntgtehiidth IncHA sidod according to claim 33, wherein said
at least a portion of the sem conductor substrate is renoved by dry

etching. -59- 36. A nmethod according to claim34 or claim35, wherein said
at teast a pogllon gl e SRBOORMNG! 0L SHPSLEALSalRs MO YL UM din
buried insulating 1ayer as an etc t op.

the drift region comprises a plurality of laterally

adjacent semiconductor regions of alternating conductivity

type.

27. A device according to any of claims 1 to 24, wherein
the drift region comprises a plurality of laterally
adjacent semiconductor cells of alternating conductivity

type arrayed around the plane of the device.

28. A device according to any of claims 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 @f premature breakdown at the
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

membrane.

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

the membrane.
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37. A nethod according to any of clainms 33 to 36, conprising the step of
applying an electrically insulating and thermally conductive | ayer

adj acent the bottom surface of the nenbrane. 38. A nethod according to
claim37, wherein the electrically insulating and thermally conductive

| ayer is applied by a deposition process._39. A nethod of formng a

MOS- control | abl e power sem conduct or devic® for use in an int egr at ed
circuit, the device having an active region that includes a drift region,
t he met hod cdipri & EEVMiee stepereingf bPniny, oifn cd aimfer2 Hrivyi Hed wrerein
sem conduct or_, substd,at a_power m tor deyvice havi an,_active
regi on that itH‘(?I t‘?belsfta ]ger?ﬁgr\lé\%i %%?ergrrggﬁﬂ%g%glpq ez{‘s 21 ap%r (le%%t of the

seni conduct oporsulst ret eclhel ewrainheash @epaiii.on of the drift region such
that said at |east a portion of the drift. regionis provided in a
menbrane defined by that portion of the layer below which the

' d b - : d i .
semi conduct or, _su %r@é{,\ﬁlgésaggggdgggﬂgg a t%e%%ﬁ%e@%%nﬂlopgﬁégglﬁw

and bottom surfaces, e boftomsurface o avi ng

sem conduct orthesuhsifiat eepbsht i enedradhdeiity tdweyeel cchamdsheonnecti ng at

| east one electrical termnal directly or indirectly to the top surface of
t he menbrane S8 GRNIYeRSY 8HBSEERER el ectrical termnal directly or

indirectly to the bottomsurface of the nenbrane to allow a voltage to be
applied vertically across the drift region. -60- 40. A method according to
claim 39, whezin angthod| edstforaipgr i detefraheowess comducondusubstrat e
s remved by, wet _efching. (A41,8:08'hod aceqnding Lo chaim 33, pherein
region, the method comp;ising 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; 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 substrate has been removed;
and,

providing electrical contacts on only one surface of

the power semiconductor device.

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
a portion of the semiconductor substrate is removed by dry

etching.
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a portion of the sem conductor substrate is renoved by dry etching. 42. A
met hod according to claim40 or claim4l, wherein said at |east a portion

of the sem conductor substrate is renoved using a buried insulating |ayer

as an etch stop. 43. A nethod according-t5®-any of clains 39 to 42, wherein
at | east one sem conductor layer is introduced by inplantation, diffusion

or depositi adefram héehbdckesaddioly tide ldevh c fot | ovang the HBepathon of

t he menbrane. 44. A pethod according to any of claings 39 to 43, wherein a

bot t om t er mi $t4| %Eefg?@taﬁpppé&ltoél He HH 1A BFORFeCt A nBrARBTakE; dS

bot t om ter mi palodayenshabng b Gt atts Wi nfit1d st ,Ong, sepkfropgyst or
| ayer within. the nenbrane,
37. A method according to any of claims 33 to 36,
comprising the step of applying an electrically insulating
and thermally conductive la&er adjacent the bottom surface

of the membrane.

38. A method according to claim 37, wherein the

electrically insulating and thermally conductive layer is

applied by a deposition process.

39. A method of forming a MOS-controllable power

semiconductor device for use in an integrated 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 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 substrate has been removed,
the membrane having opposed top and bottom surfaces, the
bottom surface of the membrane not having a semiconductor
substrate positioned adjacent thereto:; and,

connecting at least one electrical terminal directly
or indirectly to the top surface of the membrane and at
least one other electrical terminal directly or indirectly
to the bottom surface of the membrane to allow a voltage to

be applied vertically across the drift region.
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40. A method according to claim 39, wherein said at least

a portion of the semiconductor substrate is removed by wet

etching.

41. A method according to claim 39, 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
said at least a portion of the semiconductor 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 semiconductor layer is 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 leggst one semiconductor layer within the membrane.




