| WD 02/25700 2 1 MAR 2005 PCT/ GB01/ 04211 -1 SEM CONDUCTOR DEVI CE AND
METHOD OF FORM NG A SEM CQO : The present inventignh relates to a
sem conductor 5 device and i 1l i umFEf form ng a sem cond t&%“d i ce.
The prese tion is parti |y concerned with / power
sen1£ondu3%orﬂ%§9%ces whi ch céﬁgtﬁiused as discrete devP§g§Bh”ﬁ9ﬁybrid
circuits and in power 10 integrated circuits and is particularly concerned
with field-effect transistors, such asipower MOSFETs, insulated gate

bi pol ar transistors (1 GBTs) and ot her types of power devices such as
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Catraod ctot) and the
control termnals (termed the gate or base) are placed at the surface of
the device in order to be egsily 20 accessible. The main _current flowis

bet ween the mai n*1¢ &4RTERtS lé‘N&nF§°Ph§‘?%4"cﬂ% tor BnERparPYaNaE@¥ al . Such
devi ces af eqbhecefi® do/Ri GRIthsar Sieféﬁﬁ&ﬂc_f @%ehakshahctéfva&\?fc Such

devices are often integrated with | ow voltage devices or CIFCUItS built in
CMOS-type or other 25 standard planar technol ogies to form power integrated

circuits. Severaindighyald agreReueh 9§V¢%ﬁha{méﬁ cbBEEORER SL L the same

chip. Isolation I's provi etmeen pome OV power
devi ces as Wegh ﬁ@lmmeza@emsnndpmx Mcc'@s whigb prhnképased sol ation

30 technol ogiegs hayer & BdPftls NATPhYpL AL ORiIITAH 30 bdldr
10 integrated circuits and is particularly concerned with
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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technol ogy and silicon-on-insulator (Sol) technol ogy. 2 MAR 2005 WO
02/ 25700 PCT/ GB01/04211 -2 in JI technol ogy, a reverse-biased ij MpeiPn is
used to isolate adjacent devices. However, this is in nany cases not

sati sfact QuyofihooPover integrated circuits since mnorijpyresblidssi
conducti on tgrough the sem conductor 5 substrate (on whic tﬁg active part

of the device is fornmed) can take place and interference between adjacent
devices is therefore difficult to preveat. In addition, Jl bi pol ar
devices (such as the lateral 1GBT) also suffer from parasitic nobile
carrier .pl asma simoddd tieehnbéogeni  oreltentserbi@ssdbiunet ton i sedntet at e

Swi {chi ng SRSt FRIREAY, bRfcky " Bdek Bpd Lo e i Vg

| ayer is usest dHtitsfaictorgt Eovepdwen|inteagratedpecsecutomdaiday | ayer from
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em conductar | ayer. and cordin , _cutrent conduction is
bt nci pal | YRR AT TG, REOPBRELaR FOOHAHoEBr PETLESHN Her o | <
practi cakl ysuwstdeenlon Whichethet 4w Pag@ndiictRe Héyeéeiis any node of
operation. 20 Horizontal or lateral isolation in SO is typjcally provided

vi a trencheEorpedh cate take #dagpt Andxirterhenspcgsbetyeer nadlarfit Locos

("1 ocal oxigéids ofs Urldredrk qhgeiativto $reveaENNorRoNaRit RIS Ratter
i solation than JI technol ogy because the buried insulating |ayer prevents

25 current kipellrt idaviars plsashaasokhatlaiienal IFBTIubderatelied diraol t age
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hi gh vol tage junction
10 substrate in the on-state which has to be removed during

turn-off. This decreases dramatically the switching speed
-0of the devices.

In SOI technblogy, 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 mode of operationm.
20 Horizontal or lateral isolation in SOI is typically
provided via trenches which are filled with oxide or by use
of the known LOCOS ("local oxidation of silicon")
isolation. SOI technology offers better isolation 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



I's responsible for blocking the voltage. This junction 30 includes a
relatively lowy doped sem conductor |ayer which wthstands tﬂe}hﬁﬁgﬁ§t
portion of the voltage across the mnmmin termnals when the device is 1h the

of f-state wp@29Berating in the voltage bl ocking node. TRi$/dpdY6hid S 2 MAR
2005 WO 02/ 25700 PCT/ GB01/04211 -3 commonly referred to as the Akt regi on

or layer and is partially or fully depleted of mnority carriers during
this operating node. ldeally, the potenBral is equally distributed al ong
the drift region between the two ends of 5 the drift region. However, as
shown by t heoumanlpyirafarrestat aenthé otrkftyinegiodoprntapértdred did ft regi on,

the distri ' l.ecty| Leld-h a.trianqular sha or, when
fully depl egg%%ﬂ;l& ac%):.ﬂ%fl&ng déahg;e){éégs‘?%cugisnt%é‘ YaFggr#Jﬁﬁ%r%’é’gﬁ? t he

el ectric fi thils copeds: apgpmodeat edeatlyp) ﬁHEaﬁmtﬁnk?amniyoé$ﬁaﬁ%;when Lhe

eak of the.,electric field reache he critic eleciric fie in the
geniconductgi?triyuﬁ%g(ﬁiRQﬂnga?hQFEFgrr%?ﬁ?ﬁ)ﬁ%%ﬁ@??oﬁﬁetE¥°I?ﬁ@ﬂ'QFhe dopi ng
of the dmsi ftheageift thegivghendwlel! eak dsdumy dhyt &8e. 1-blopgy&don f or

majority carrier,devices such as MOSFET types,_ 15 known as LDMOSFETS, the
on-state reSAYREHR oFOF He Ve dopdparof sthendAnidsl FegioBorEr®nal to the

dopi ng of tResgribitidmVeF  thal RARCRrLEVE Lerd aRisSthaReeahguligsi s8thd or a high
voltage switch, it follows that a | ow dopi ng concentration affects the

on-state pePForWasReletlyY (denlahede. a) hrapezeiglali ghaper | Gleealthrevi ces, the
critical el @9&5'ﬁn&éfﬂé’atﬁttﬂé‘eel%‘é'i:tﬁriﬁefiéil.ér@irl e Egg?ogﬁméggdbégrk’ addi ng
gh v . The

further difficulties 1n designing hi oltage late evl ces
i nt r oduckd ofhef brakdP@URIOY Fagh) shenSthe apealriafl d¢he2®lEttede) £ELelxhni que for

J1 devices dlhOiesA0nk NEEEERSa] brErRECBEIPIN I PP UBnTkokBLELSE, deVi Ces

t hrough the use o
it is obvious that for a 1-D junction, the lower the doping

of the drift layer, the higher the breakdown voltage.
However, for majority carrier devices such as MOSFET types,

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

30 effect. This 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



additional vertical junction forned between the drift region and-the
sem conductor substrate. Figure |a shows schematically a converitj gpaahc!
di ode using the RESURF 30 effect. This diode is provided as part of a

convent i ORg g2/ds3fe€r @l power device such as a lateral trapsyshfilosady DVOSFET
or LIGBT. Figure la also shows the distribution of the potential |ines and

the edge of the depletion region during 2 1 MAR 2005 WD 02/ 25700

PCT/ GB01/ 04211 -4 the voltage bl ocki ng4rde. It can be noted that the drift
layer 1 is fully depleted but the sem conductor substrate 2 is not fully
depl et ed. Tihe w@tlﬁaghablbbhéagbmdh as Ittheyn de opoted thhats et daiét fromt he

verti cal dlrec n,to h aI d h | ow t he
hi gh volta tIJe(r;l'mltr!i‘a ggytﬁ eecﬁt e Fn Shﬁ%ﬁ%@é&:qé%ﬁ%& %g?a% el to
t he bott om iairdcac vl 1of dbbazesahst Ir'eiee pbteiihnall sixin@etanaﬁi dshehelri ckness of

t he sem conguct aqr bstrate 2 is _relativel I.ar ically 30

conpar ed tole‘?ﬁaq\f‘e ec:'i'lugfgré*x'?en?f%%’? f’ﬁéta%?) %F’R:r HWPFgﬁlthe t op
surface § ¢Hd hddionttdst dakeclidh y Itl&aeoﬁé:l@w m@&ﬁ\émewmaye Hence,
t he sem conduct or substrate 2 is,not fully depleted when the _breakdown of

t he devi ce eREMIRL 3 thek RokARERAE 1:‘&1qsata§FaPr§Ft%I?%PeY Raraddsilete

breakdown vghd %%0%5 s‘%ﬁlf'a‘é%' gnbet end hadtehtkebt | C@iaiéj'f’éj%%ca'u@eslo' te of
the reduced surface critical electric field. Neverthel ess, as shown in

Fi gure | a, 'é%ritlairclgmssfnoie&hel gemicenduatior sybstrabgt? obs usi ng the RESURF
concept is f b eal, ect.angul ar_i.n s dition
as al ready 5% %%‘f?riy g't?rg-{ene( ﬁlﬁé%?‘%e%({%ﬂ‘r)fngpf‘sﬁ?hﬁ:%hal%eﬁ?g&é‘c@ rrents
and ver yopogktésdia i thdhideipleakes reyRrgl Eronthet Bop Surfeers i ntegrat ed

circuit veri/ difficult. Figure Ib shows a conventional SO diode which is
nto the substrate 2 (typically 60pum 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 isolation, which makes integration within a
power integrated circuit very difficult.

Figure 1b shows a conventional SOI diode which is

25 typically found as part of a 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 1b also shows the equi-potential line

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

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



25 typically found as part of a SO |ateral high voltage power device. The
structure can be nmade using the known wafer bondi ng, Uni bond 1 SIAVRH SO
technol ogies. her . technol ogies such as Silicon-on-Di anond (SOD) are

al so  knowpe okh@by © | b al so shows the equi-potential lin ' I bution
during the vo%:t age bl ocking node. It can be seen that thgcg%tngir@l&{all i nes

crowd towards the edges of the drift layer 1, resulting in a poor RESURF
effect. 2 1 MAR 2005 WO 02/ 25700 PCT/ G891/ 04211 -5 Increasing the thickness
of the buried oxide 6 helps to redistribute the potential |ines nore
evenly at tlmctegsinguritfhac&h$ckhiesevet then byeriedabxidbeé bhelaidan voltage is

i1l bel f a Jl.devi |, di od h in_5 Fi la. Again,
the potent | Er e te HE ReERrelay o e Sicd® BHRHTYI 86 uhe B8 oxide
i nsul ati ng swyRicd el apueher, highgamdizige ther breakdawa pobecddeadld y al i gned

to the horizpontal surface. This_is.due to the fgct. that the sem conductor
substrate 29'%&%32%9’& iﬁ’@%yogeﬁl Bf BV HGR Ofp Yo SirLe; 85 LAWY 10 ¢ he

potentials | Figsrdiame. t quiond thet forémeidlr ifindsayar theafdiERSldyld 19 | ayer
6 in the case_of SO and noreover have to align parallel_ to the insulating

| ayer 6/ seAf€orRpitwriadisidigon oxide einurlating dayegafebebel s en
di stributiopigh J&eded Q'!Efnﬁ.lnallijaﬁé pradtfcd OR, Hligweliaes Enahich results

in high electfic field peaks and therefore | ower breakdown voltages. In
addi tion, fberEoentab\swetace.he TRdAsEsvaLe oip dthe facsetpahdFBel ar conponent

of the ele ' ' E,at .t t LGON or |ayer
1/ buried ox%géléoééf%??ggéed %Enxgtislé ?h%szggﬁa%%n%nﬁly;ﬁeggg% at d?%e buri ed
oxi de 6 kanreeslti bs beliat call tdec potenbhiakl kines dafveeltd icrowfieinto

sem conduct Qhe! @¥Pke 11 Bher 1 %ld 8eb3661hG 18P 1T Wi YGGL! GB! s cakdown
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 surface 5 which results in high electric f£ield 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 1l/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 glven 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



very strong limtation on the maxi mum voltage rating achievable for a given
buri ed oxide thickness. 25 Thus, in summary, in both JI and So} {depmi x®s,
the potential |lines have to bend froma vertical orientation to a

hori zont al Js3feral orientation and the potential di shgd i in the

; w6 b2/25900 _ p

drift layer ?s ar fromideal. 30 Moreover, when a pomer£¢??§%W@?%d circuit
made in thin Sal technol ogy conprises at | east a hal f-bridge

configuration, which involves two power.gdevi ces operating 2 1 MAR 2005 WO
02/ 25700 PCT/ (B01/04211 -6 in different nodes, the device operating in the

i gh side unday FRkrsh Rbadd Oy BR010L oprddmngiid lerieesiion ghud no the
on-state. This 1s due to the high electric fieldTn the drift region

caused by t medri gayneygbfeycfpan aimichi-o8f cofathel dunifithaegdeoncdnyirg or
substrate w S to tial [ rm nal s of
The hi ghsi Gu° BECBERte; Y Phfy BPAR L8] c8S Bth Ao clend

or e appare a e sem conductor 10
substrate i thehdr$ft reghonl capsdd hyothpabigh enegant@ive guereatiah nodes and

its presence resul.ts ip . a poor distribution of th otential lipes durin
the Vol t 2be CTBRGERI A8 HBACSSUHT TR o SHRECH ERell tb TBHEIOTR EBfmonl y
at the surf aetentibheofesheotfiuticoomain abrinhrabsiro®dted mighdeitep

seniconductg%%Lnterface due to vertical breakdown. The JI approach suffers
fromvery p&5iviS€sol ation within the power integrated circuit and the

br eakdown vol t age, al though generally higher than in the SO devices, is
still lower than would be preferred. 20 ,
- It is therefore apparent that the semiconductor

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

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

20

For discrete devices or hybrid circuilts 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.



For discrete devices or hybrid circuits used in high voltage or _power
electronics, it is preferred that the main term nals have a ver €iichr 2000
orientation and are placed at opposite sides of the wafer (e.g. with the

| ow vol ta gégrrrinal at the top and the high voltage Lhal at the
botton). %ﬁ% 208 i ces are referred to as vertical hi gh £€@E}’§Zoé?‘gomer
devi ces. Conpared'to |lateral devices, the current flow between the main
terminals is principally vertical and.4his results in a larger current

capability 30 and a hi gher breakdown voltage. Such devices are however
difficult to use in integrated circuits. Exanple of known high

vol tagel power deyliogs ae sENOB e HaNch MBSERIs Lhade/Trench | GBTs and
Cool MOS. 2 MAR 2005 02/ 25700 PCT/ (&B01/04211 -7 For an optim sed

trade-of f bewitahing/byeskdownsper Eonmapds, e &hgoWArbeeabrdRiHaes t he verti cal
devi ces regui nay.r. ' regl i %)1% Iy 5 depl eted
at full vol %‘Eﬁﬁﬁa&%{a@“gﬁ?&%% ?%/Jge)#h ng%tth%\%egz%%tg%l C ei;'sdsj!"l ’

romeémto
180m f or 5dedepkstedtadd fuldnvbdtege doldcilingy. Goghoal ayéer nay fhavieaper |ies

on a highly doped sem conductor_substrate, The segl:?cfgn uctar, substrate

however i ntE® 8 IxRam Sumo o, BT \fPT48YAFESoR FYetferalto

performance; 03 e EMiciCly eheStriEt 14pd0AUGERS od aPRLIGELY i dogelBi St ance,
which | eads to increased on-state power |osses. Secondly, for bipolar

devi ces wi t Renherrduchgr ubatraten athe gemicandyesorhaubBpy#ef of the
Substrate | WelaB t I% | bsh r 15
resi st ance, h?ﬁ%’?ﬁj jé%:ﬁ%n ror% Fﬁgﬁgé\ﬁéﬁrat ":egﬁtflaigfggagﬁ ?}fg anode
(emitter)o obehbratiepécEormange mfstheadeviceo Bimsbngitl| dntreduees M gh

ot or BRrRHAPSe' Pt AN S\iton' YERag' o Hift-dsblCoR-bEEEE amOUNt of

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, 1f vertical devices are to
be used in integrated circuits, the presence of thelthick
semiconductor substrate makes ilsolation between adjacent

25 devices very difficult.

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

none of these prior art proposals has tackled the problem




the drift region during on-state. Thirdly, the substrate 20 introduces a
thermal resistance which prevents effective dissipation of heat tlo} AR 20
external sink placed at the bottomof the device. Finally, if vertical

devi ces ar. 0 e used in integrated circuits, the presence of the thick
seniconduéf%ﬁygﬂ strate makes isol ati on between adjacentchgBﬁ@M?%es very
difficult. There have been nunerous prior proposals for increasing the
breakdown vol tage of semiconductor deviges, particularly power

sem conduct or devices. Exanples are 30 disclosed in US A-5241210,

US- A-53731835 1ierRa23f892He bEEakatP AdhRagkSpd a4ddddied)S- A- 5463243,
US- A- 5468982, ~ US- A- 5631491, US- A- 6040617, ~and” US- A- 6069396. However, none

of these preéensigdaraylopossl shaaeleckidedotieatpardbl thesnie Zies dndEd2/ 25700
PCT/ GB01/ 04. 8 of increasing the breakdown voltage by a detailed

consi derati o of the el ectric potential lines in the drift region. 5 1In

WO A- 98/ 32009, there is disclosed a gas-sensing sem conductor device. A

gas-sensitive |layer.|s far ver, _a FET Ler lch is uused to heat
the gas. Sensi ti Vi ‘sz;?‘ﬁP%/gﬁgﬁut)é??’é? o IR 2 Tl oy
back- et chedséwidaiductdhideviieshr anegas- dérs itdvel Qgyareds fdrndd vewl d be
noted that the MXFET heater ,is a | ow yol tage vice (and as, such does not
have a drif® YQFHHh) %#(fr “Wiehnapnored et ?‘r%ﬁwsﬁﬁ?aﬁ%n?@t#"& med bel ow
the MOSFET 1hgeter med edubdtaaitacbhi Whieh hand ideyick tbefeemnsdnps area to

very high tenperatures and not to affect the field or 15,gotential lines in
the devi ce. PREE7eEHIRb 70 dFi® 8skin RePRPS AR &55aPSRELRE R T®% 00l i ng a
sem conquct @ ER¥LTE KBIMdtkd RRateEhbNloSPEr heater is a low voltage

device (and as such does not have a drift regiom) and,
furthermore, the thin membrane is formed below the MOSFET
heater solely to facilitate heating of the sensing area to

very high temperatures and not to affect the field or

15 potential lines in the device.

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

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

25 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



debuggi ng phases during devel opnment of a device. In place 20 of
conventional heat slugs such as copper, a heat slug of material Lhatnh@?
transparent to infrared is fixed to the device. A dianond heatl§|ﬁ&“' )
di scl osed erred. it is disclosed that the substr i.ch the
device is 8?%@@)can be thinned prior to applying the iﬁéﬁgﬁg%) 5
transparent heat slug to the device. The purpose of this thinning of the
substrate is to reduce transm ssion |osges that occur during optical
testing and debugging of the device using-infra red beans. There is no
di scussi on y of 1.C t [ | slug is
30 applied %%%tjrf‘%groéf E%gengeggg%l gé‘%‘r{% ?Qé]tajtdcgt\ihgag%gf%gélﬁg %&% & ‘devi ce
havi ng a drthis megicess N caveledasustditeihg delvelppmpnseobftidie t hi nni ng of
t he substrate and | iication of .the heat sl s solely to facilitate 21
VAR 2005 WOB%S 700 BcHeao 189211 et visd (W88 BReRad. pRer Ry opti cal
testing andoflethggiargice . This process is carried out during devel opnent of
the device. The heat slug is not used during normal operation of the
devi ce. 3 There have been a nunber of proposals in the prior art for
sem conduct or deph&xas ndebdtrka HERbeE &f Proptidaad ineRReapeio el es
i ncl ude US- A-5420458, WO A-94/22167, ~US-A-3689992 and US- A-6008126. In the
case of eachobfsamieorduchay devicesprbpeharake uae &énpcsRdbetbeddevice is
not  a powepefisyhee. anthddpiedaee108k BVE-Susiddd, WRORQAB4 /bB16PACH Case,
t he menbrane arrangenent 1I's used to provide for 1solation between
seni conduct Y6 -BedF@2892 ranth Yshthe§i04Ba@6 . ci Fruthe sraggefe@achegfons within a
igg‘ag?[‘glhbgtegEeQSbefo}5a@£'d;§PJp&s%1’ée,”‘BKS Qtmi ORI VP 3R cRAGESHL ©
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



I n each case, since these are |ow voltage devices, the breakdown vol ta%e
is virtually unaffected by the menbrane structure. 20 According td! dMi BBt
aspect of the present invention, therd9%-s provided a power sem conductor
device having an active region that includes a drift region, at |east a

portion of the.drift regian bei provided jn a nenbrane having opposed
top and bottoml.é"’IYr‘afratc(I—FggE ﬁ‘r?é’etrogjl%slﬁ\q é)cré’vd‘fdefs Thé rmstbr Urf%ltxf?g‘?]g

el ectri calgulRytHatal,s sronneeth Hdrasldy ofreHHdwiddnaddieseto to allow a
voltage to be applied laterally across the drift region, the bottom

surface ofSubsakenthedmy it Ieddth@ dotvicomfudttey bl reegiomposi ti oned
adj acent thaer C | t,0 a .secqnd aspect of .the prgesent invention,
there is 6)% g\?%%(? “gbqrpé(%\es(r?'{cg{emn&caotndsaacjt oraqp'd(ejlvelacsgt haa\ﬁonrgtla%n %tgttﬁ%/ee regi on
that incl Wie<ta riigifdn riegimrowirded dad d menbrdhe? MRDASy leyet, the |ayer
bei ng provided on a sem conductor. substrate, at |east_a portion of the
seni condu@BFE1X¥L IR (i Fare Relawadiich g6 isamiFondEcERT ft regi on

bei ng remypdsuah: hat sald @ém&%ﬂcﬁt BhP A 4 oy, a%{goﬁdeﬂét%ée% :gh

provided in a menbrane defined by that portion o ayer

t he sen cdrduigiprelantiwical e dwmsibelbn cameaated thdiereapl suwwface of the
menbr ane .hayin l.ect,rical termnals connected directl r .indirectly
thereto tolnéilllro%tgl%o rfealbegt? ot%eagg%"fi%dvo 39T a9 yb%c?%ggl?(ﬁle drift
region. Adctdeitdldly tadrdds rthasgertt ofediwn present invention, there is
provi ded a MOS-control | abl e power sem conductor device for use in an
Integrated circuit, the device having an active region that includes a

drift region, Q§cé5¥ﬁﬁn§ito a third aspect of the present invention,
there is provided a MOS-controllable power semiconductor
device for use in an integrated circuit, the device having
an active region that includes a drift region, at least a
portion of the drift region being provided in a membrane
having opposed top and bottom surfaces, at least one
electrical terminal connected directly or indirectly to the
top surface and at least one electrical terminal connected
directly or indirectly to the bottom surface to allow a
voltage to be applied vertically across the drift region,
the bottom surface of the membrane not having a

semiconductor substrate positioned adjacent thereto.

According to a fourth aspect of the present iﬁvention,
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
substrate, at least a portion of the semiconductor
substrate below at least a portion of the drift region
being removed such that said at leaét a portion of the
drift region is provided in a membrane defined by that
portion of the layer below which the semiconductor

substrate has been removed, and at least one electrical




portion of the drift region being provided in a nmenbrane having opposed
top and bottom surfaces, at |east one electrical term nal conngct Ba 200
directly or indirectly to the top surface and at | east one electrical

t erm nal directly or indirectly to the botto o allow a
voltage to ge applied vertically across the drift regloz}éﬂ@%gﬁ@%bton1

surface of the nenbrane not having a sem conductor substrate positioned
adj acent thereto. According to a fourthiaspect of the present invention,
there is provided a MOS-control | abl e power sem conductor device for use in

an | nt egr at @il idonddof e U e R 110 120 BBE Yo CphOIEdat T ncl udes a

drift region provided in a |ayer e | ayer elng provi ded "on a
sen conduct surfaneancaed, leastease %ﬂﬁﬁmi%\ﬁ SErmABal cRPRRERNARS or

substrate b&if%t?i’y 'o?%ﬁzﬁz%%’%?&fﬁgoé%ér :}ﬁ lmf Ksu&@%@”to bﬂ. r ermved such

that said at Teast” a portion o region s provi i a menbrane
defi ned by vbhtagedid ibken apfpliled vgyeicakﬂynnanmﬁehthhedseﬁtcnm@hmtor
substrat% has been renoved, and at |east one electrical 2 1 MAR 2005 WO

02/ 25700 “PCT/ GB01/ 04211 -11 term nal connected directly or indirectly to

t he tgp sulrfacerwé\dsaﬁﬁtd |aﬂ:aSIIea@neaeb0:6¢Idmadf tedendrdft cosgboi ek directly
or indirect to the ttoms rfa .o vol t to, be applied
vertically 5 tgﬁq?q 15%9 4? ggie aPa¥es on of the
drift regi Oeatilei'é”\bﬁ{eﬂ)ra m&ta@@t &al bypiidd yacderlsetedmehatobbt aihar ge

carriers when a voltage is %§%@|6d across termnals of the device. In the
first and s@@BhBeaspﬁ%tgh%f ﬁPQséﬁF°nQIP§BﬁR§ﬂ|Q§nthFhEr5%?%%t|aI l'i nes
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of the drift region are substantially perpendicular to the
top and bottom surfaces of the membrane and substantially
uniformly spread laterally across said at least a portion
of the drift region. This is turn leads to a higher

15 breakdown voltage which may approach the ideal or
theoretical limit. 1In the third and fourth aspects, the
potential lines in said at least a portion of the drift
region are substantially parallel to the top and bottom
surfaces of the membrane and substantially uniformly spaced

20 vertically across said at least a portion of the drift
region.

Thus, in the preferred embodiments, the absence of the

semiconductor substrate under at least a portion of the

25 depletion region in lateral devices leads to enhanced
breakdown ability due to a more favourable electric field
and potential distribution within the drift region of the
power device. For vertical devices, the absence of the
semlconductor substrate allows the formation of a thin

30 drift reglion and removes parasitic effects such as the
parasitlc serles electrical resistance and substrate

thermal resistance.



top and bottom surfaces of the nmenbrane and substantially wuniformy s&read
laterally across said at least a portion of the drift region. THi¥A & urn
| eads to a higher 15 breakdown vol tage whi ch may approach the ideal or

t heoretic ot In the third and fourth aspects, the ,al. lines in
sai d at Igggbhg%%brtion of the drift region are substan??ﬁpﬁghgggallel to

the top and bottom surfaces of the nenbrane and substantially uniformy
spaced 20 vertically across said at |eagt a portion of the drift region.
Thus, in the preferred enbodi nents, the absence of the sem conductor
substrate under at |least a portion of the 25 depletion region in |ateral
devices |l eads to enhanced breakdown ability due to a nore favourable
electric field Powerpdevicesl typieallyuoperaket wihht aevelktade dagithe of the

power devi c Ig%ggdve@p qal Q@vgﬁ Sy %4¥%$%§8§§$?P§ffé€§e $EdHC Qrduct or

substrate a the Tormation of a on and renoves
parasitic effrect Thaich applilcatiparmay tiangsefiron dbwesticaappldsinseance and

substr at therml resjst 20 Gﬁg;/ 211 -12
Power degi C%J;e(f%‘:céﬁ#f ’o%@?%‘egé\?%d vagﬁ ?ggg%aﬁéggigg%% 0\7%[60 1.2 kV
and a curr emictowdvee diangd th0aml teleddvmunilmaitioapplstarson may range from

donestic appliances, 5 electric cars, notor control, and power supplies to
RF and mcrowave circuits and tel econmuni cation systens. It will be

appreci ated thatr¢ hgi1ergs agpRciatdd tigt teid teraBoveopangnd bel ow', and
"l ateral” and 10 "vertical", are al] used in|this sggcification by
convention ARetEemt. nRBRFR" @Rdar PBRGY] cARD I IEHEFRION2BR  the device as a

whol e i g9 MPLkeeicalr, are all used in this specification by
convention and that no particular physical orientation of

the device as a whole is implied.

The so-called membrane power device of the present

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

controllable device such as a MOSFET, an insulated gate

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

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

and reduced self-heating.

- 25 The arrangement may be such that only part of the

drift region is provided in the wmembrane.

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

outside the membrane.




The so-cal |l ed menbrane power device of the present 15 invention nmay be of
many different types, including for exanple a diode, a transisiy&Rzﬁg
thyristor, a MOS controll able device such as a MOSFET, an ingula ed gate

bi pol ar tr, ' r (IGBT), a double gate device, etc. 20,/ referred
enbodinen?g&g?é@@ssed further below, there is provided %&ﬂﬁgﬂﬁ%gltage,

power device with high breakdown voltage capacity coupled with excellent
i solation and reduced sel f-heating. 283Fhe arrangenent may be such that
only part of the drift region is provided in the nenbrane. In the first
and second aspects, where only a part of the drift region is provided in

the nmenbrane, preferably 30 the high voltage termnal end of the drift
region is cont a"i:li‘let'c}“’wil%/l'h'lﬁﬁi g ﬁ@ﬂBF]&n%ﬁ,P?%'r RS AB¥LCBI eEFR drift

region, incteghigativn iy W Qi&é&%@@éiﬁ‘%he”ﬁﬁémb%gﬁé” nP Sigle the
menbrane. WO 02/ 25700 PCT/ GB01/ 04211 -13 In the third an ?ourth aspects,

the devi ce aagtve (x8Fiomtylsichrdpciudes e Phihs drifheraghtn ate whil e t he

active regi gpoWaEHd vk Hdas g he drift region is 5 provided within
t he nenbrang.oln any aspect, tﬁ%%%ﬁg?% of the drift region may be provided

in the nenbrane. 10 At |east one isolation |layer may surround the drift
regi on. The at | Basanynespect atthenwhalerofrayhédelyirfity reégdoni magabal nenbr ane

or in a sep t tend from the top surface of the nmenbrane
to the bott§%§§§?$§2%£CJ etéﬁﬁg( rane. 15 At |east one isolation |ayer may

surround the drift region and be provided outside the nmenbrane.
10 At least one isolation 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

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

At least one isolation layer may surround the drift
reglon and be provided outside the membrane.

The or at least one isolation layer may be provided by
20 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
junction that is reverse-biased or biased below the
forward-bias level. '
25
There may be provided at least one additional power
device having a drift region at least a portion of which is
provided on said membrane or on a separate membrane. The
geparate membrane is preferably formed over the same
30 original substrate and preferably in the same fabrication

step with the or each other membrane provided in the
device.



insulating material. The or at |east one isolation |ayer may bel prighi

a highly doped sem conductor |ayer which in use is biased to provide a
junction tRghaisSed EVEr se-bi ased or biased below the for b | evel . 25
There may be provided at | east one additional power dev?@geﬁgv?%g a drift
region at least a portion of which is Erovided on sai d nenbrane or on a
separate nmenbrane. The separate menbrafié is preferably forned over the
sanme 30 original substrate and eferably in the sanme fabrication step
with the of eackitRema¥e R BREVIASH iafoderit RES LRY| RItasaARv388s WD

02/ 25700 P(g4{BYY Q4aLt ohé IBRMGolBagd AR flgg Bé pRAFLdedanl oW vol tage
device. Said at |east one | ow voltage device nai be provided in said
8

menbrane. APaR mambrame. sAlyerratiesiy of@ifoRt YBRERGEIYUAATe may be
provi ded O\L/‘?%ié@f%éﬁﬁim%@nﬁg #ﬁoﬁiéé@%&%&@e aid pimbLasd. ong | ow

8
vol t age de y be provide urther nenbrane, said further
menbr aneSbethat ¢aad .cmadd) atodeadt oore Ldwe vodkager fgvhee mawder ate and

pref er abl y &%{%M@a& G saa%rfti%%i fehb LSt & 1Y gﬂr‘cﬂgr%&% aﬂ?@é&% €S
provided in e device. In either case, this 10 arrangenent providées a
power i nt egpaéferablyc fidrmetheveowthe oddamgeomigined enbdevatesandy be for
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The or at |east one isolation |ayer may be provided by 20 electricauag
d by

Fdi ment s
di scussed bapkavrahide pEsthidete ipovRe déviey) can aieheel basépliid bot h
verticall and | aterall from such Iom/voltaqg de icei Th vgftical
i sol ati j @rrangement ﬁgov1des a power integrated circult. The low

voltage device or devices may be for example a bipolar or
CMOS circuit. Such low voltage power devices may form
driving, protection or processing circuits. 1In the
preferred embodiments discussed below, the membrane power

15 devices are well isolated both vertically and laterally
from such low voltage devices. The vertical isolation is
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

20 above by one or more isolation layers provided preferably

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

There may be at least one isolation layer providing
25 electrical isolation between adjacent devices. The said
isolation layer may be placed on a further membrane, said
further membrane preferably being formed over the same
original substrate and preferably within the same

fabrication step with the or each other membrane provided
30 in the device.



achi eved by virtue of the absence of the parasitic substrate beneath the
active region of the power device. Lateral isolation can be dphﬁﬁ@é%5as
briefly described 20 above by one or nore isolation |ayers provided
preferably in a nmenbrane fromthe top to the bottom surface of the
menbrane or outside the nenbrane. There may be at | east one isolation |ayer
providing 25 electrical isolation bét iSeri adj acent devices. The said

i solation layer nmay be placed on a further nenbrane, said further nmenbrane
preferably being forned over the same original substrate and preferably

wi thin the sang, ftar{:%iSf:i 40N 5§ e WA édgigee%n&a@%@%@%?%r ane provided

30 in the device. - n the first an aspe present 5
i nvent i on,irtventder cehmydeaingy insey arongreicde i avaléyectnsed BIy ng and
thermal |y conducti ve Iaaaller adj acent to_the bottom surface of the nmenbrane.

The el ect AtSH3F 1IN ARG ihRyF ¥ IRATRHG S bR T VA1 3§RRE 160 URl to hel p

renove @ |G wadricd Nor haad ddidr{Aaht idesiserbes1iyapped within the
menbr ane when the power device is operating. The |ayer may be of any

sui t abl e rerssratiingcnd 1thernd by exemplet ok ybayest al $ i weedi toonellp

anor phous dj Ltri l,und ni um oxi d etc. The terial is
pr ef er abl yrdélﬁgrmrré; b%/é)%%:h%{é d%%g%hl%i%%a%s&éa a@%?eh%yél%%ﬁ‘f’%%% or

chem cal vapEppediopnshin othermantyraxtdeshers utiebbewéechevgue. idhe | ayer may

entirely fill the space 15 under the nmenbrane or, may_be provided as a thin
| ayer unde?PeiHe BRenbrEie LHERIRY B2 Powany heust el aanesernhdl t Hechbot t om

ont actowi 10 hear B IE BYOL R R T LS RSt e b o
term nal beyohenktetdei callyiniemtdeidal | gtcondloei vateFhal bbst om
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 bottom
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. 1In 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 bottom terminal, in the form of thin layers isolated from

one another, can be placed at the bottom of one or separate

membranes.



termnal may be made of a metal or a conbination of metals such as
al um nium copper etc. The bottomtermnal may fill the space) angigrithhe
menbrane. In a preferred 25 enbodi nent, the bottomtermnal is provided as
athinla er the menbrane that follows down side F@#h_ 8{ ny

L 2 .
renalnlngwgagé#%gte and under the nain bottom surface of ! gm‘éyﬁce. Thi s
| ayer is preferably in thermal contact wth an external heat sink.

Al ternatively, nore than one 30 bottomifernminal, in the formof thin |layers
i solated from one another, can be placed at the bottom of one or separate
menbr anes. The NMRRDZEOOS MAaVT@WAEE0e PEWLCBOduek 1ayEg The nenbrane

may conpris ngduc rQV.l ' ectgically insulating
| ayer. The pereqq’ei§E %gll %/1 %géﬁ{:a ?g}llgl d'%\eék'l'qgg§8§e a gi(-)'xi d'feﬂelcayer as forned
in for exangdlectricall$Oinsatabbhgdlayethaay Desahsoxbde layext a@sed away to

formthe nmegbrange,, sych an__oxide | ayer. _conveniently ts as an etch stop,
whi ch assi .Cf’g“%%ﬁ iE‘hgoFoFFF&F‘PEﬁd’B?°"E’¥eJ%%ﬁF§ﬂ8E°%' th&*Mi rd and fourth
aspect s, st hinghdtyatle iis eteheadakay PtoVicitm ahecmemboane | heudieran nal | ayer to

be provided atf _the bottom 1Q in_the first and second aspects, the device
may conpri YL IS iCORVERLERF bR P A8 é@tFFEEIP§°?nsYF Bng .layer

provi ded ungesidtie iFe N FOrmAREcHE6H UL HehbraheoNgIn atke SRl iagdl | Y
i nsul ating |ayer provides structural 15 support to the npenbrane and al so
acts to m nEeneth tappeqta this layer is removed to provide access for
the terminal layer to be provided at the bottom.
10 |
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 devicé is

25 preferably relatively high and the doping concentration of
the drift reglon 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.



of menbrane rupture. In any aspect, the drift region may have .Enﬂﬂ,?%,riform
doping profile. This helps to ensure that the potential 20 linées' I'n*t 1
drift region are substantially uniformly spread across the drift region.

This is tyrn leads to a higher breakdown voltage which appr.oach the

| deal or KNP cal Tinit. The dopi ng concentration of%ﬁﬁ"@fq“?lﬂ regi on
at a high voltage term nal side of the device is 25 preferably relatively
hi gh and the doping concentration of -ghe drift region at a | ow vol t age
termnal side of the device is preferably relatively |ow The doping

concentration ofint kBediifbt 888 OfedBha \W¥pkckBNeBht Yafi BN reyionSindg of the
drift region to the other. This serves to 30 inprove further the breakdown

capabi | i t y STBRHSe]aE deasporn/ SemirpndurtapoiApary 10f #Ltematdddr i r st and

second aspetdiunddieidy bypkeakpiodBy GRMLOYE Bhel S8ér (4 s conduct or
| ayers of alternating” coOnductivily type arranged one above the other and
in contactcagtacteadithotiash. othense, In @se tWES6r LW r@r 39@%8ri conduct or

| ayers o I ' LVLEY Lavi ' rg#ﬁ%or junction
in a ver%ig%§£%ﬁ§3§g¥%§¥nﬁﬁﬁékbthgta%%égﬁﬂw f@ Fggggﬁégg%ege ul ly depleted
of nobile phergke cargendiconduenoz yahdtapm iin appkrbilcatrddsedtdan nal s of

t he device. Thi s .,agai.n h to _ensure_ that 1 i | in said
at least a f)lbcrﬁfi oftq}%gr(%‘%itf Fegf"gﬁi%?‘fla ® félﬁ'g'gt gﬁ??é ?é/ ‘%err“lbcgeﬂr’l!L |Secul ar to
t he top andchetdemstriarewheh theobeads ale appd iedbatanssatéymindlfsor m y

spread lateral]ly across sai d at | east ortion of t drift region. This
is turn |eafl ;%e. a‘f?ﬁjgcfﬁa'r k8 nl%&/& t%@r\ﬁllﬁr@h@ﬁﬁl é%roaph t he ideal
or the%%“?éﬁeﬁtiﬂi-liﬂb@%h 3eRecht 168s€rd ffortd@noBENBle CAPDEL Se a
plurality of laterally adjacent sem.conductor_ regions of

region are “substantially perpendicular to the top and

bottom gurfaces of the membrane and substantially uniformly

spread laterally across said at least a portion of the

drift region. This is turn leads to a higher breakdown

15 voltage which may approach the ideal or theoretical limit.

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

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

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

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

irregular pattern. Either arrangement again helps to



alternating conductivity type. These laterally adjacent 20 sem g%gt or
regions of alternating conductivity type form plural transvers

in the "z" direction of the device, which again hel ps to ensure that t he
potential Ilines in said at |east a portion of the drift region are
substantially uniformy spread across said at |east a 25 portion of the
drift region. This is turn leads to a 1ﬁigher breakdown vol tage which may
approach the ideal or theoretical limt. In any aspect, the drift region
may coanQﬂ§W¥€M§hﬂQnﬁhqtHPQﬂnqkﬂhﬂkﬂHQﬁeﬂﬂeﬁﬂwﬂ afe i QB U tROYT W) s Of

alternati %%rédgﬁtl ddyr eg [ as\ﬁ%dstaa %Lir}ﬂléhq} ar]%pr}g?]t tpeEacfew ce. The

cells may be arrange irr her

arrangenericraga rsaiel pﬂ: tlee alt MAI@o’&aﬁEon dif8 trensiyieft haégiche porteid i al
lines in said at l.eas ortion of the drift region are substantially
uni for m y predd ]ﬁﬂ”{ﬂ%st‘gaﬁ dighen Rreakdrym it ti9e HE ik 2% egi on. Thi s

in turns | egg-d12 tHON e I eaKdWM, M fage Wah, may S5 approach the ideal
or theoretical limt. The device may conprise a termnation region adjacent

to and in contact with the drift region, said termnation reg| on being

provided to reg[lj,i_l cg e eeffect of premature 10, breakdown at %g of the
drift region. B Tor 6% %*S?r%%%ﬁrﬂlqaetrjrﬁrha??%ﬁorh e be

pl aced i nsidleand hieh st 20e. wiAlh | Gastd@i POrtdPio®f $4ed Séehmigitisati on
regi on may be placed outside_the nenbrane and above an sem conduct or
substr at e. reﬂﬂé’rﬂrk?efltng RPN IRY e rriwcashg ghf iedoell PHRIFREEY¢ cast’ a

port| o Okt SN R0 ol 08 cbCarlf ¢ t-Lpalon TRY Deagore i ghly
dopedt an t sem con ctor strate ccording to a fifth aspect of the
pr esent IrQanlanof the said termlnatlon region may be placed inside

the membrane. At least a portion of the said termination

region may be placed outside the membrane and above any

semiconductor substrate. The drift region may be more

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

gemiconductor substrate.

According to a fifth aspect of the present invention,

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

25 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

30 substrate has been removed; and, providing electrical

contacts on only one surface of the power semiconductor

device.



20 there is provided a nethod of formng a | ateral power sem conductor

devi ce having an active region that includes a drift region, the nethod
conprising the steps of: formng, in a layer provided on a semjcol§ugior
substrate, a power sem conductor device having an active region that 25
includes a drift region; and, renoving at |east a portion of the

sem conductor substrate bel ow at |east 1& portion of the drift region such
that said at |least a portion of the drift region is provided in a nenbrane
defi ned by thatltpcs irgiefgfraade thaterthselsawatiiatie the mmdvshagtite 30
Substrate been re - and,, pr.ovidi.n | ectri.cal ontacts on only one
surface ofl%tasri-’e o%ovcxfenre S%r;l?tg'loen uac%torStefﬁlilgg.t %\ﬁ%oﬁfcqul?tlﬁni S

pref erred drtafeddhe subsiHat avdie, r@RbAESdtEe pltasides Snspeft ther | ast
steps in the device fabrication process. In that way, the substrate

provi des SdifpFVIEH LQheAnE FoHPeas iRy dar g Sthe LakFisrE o
fabricaji gy ocadyocess. Said at |east a portion of the sem conductor
substrate™ may be renoved by wet etching. 10 Said at | east a portion of the
sem conductor substrate nay be renoved by dry etching. Said at |east a

portion of the sen cgonductor substrate be removed using buried
i nsul ating | ayéfalar% a}hd%‘?%%t 13 %?%‘bl.oﬁ'h%g%? e%emja?/%l?g‘fﬁg/oﬁes@&ﬂr%’fe a
Si |'i con- onnay Nsall wdnsvdb@y wditt Ustdtitng The nmethod may conprise the step of

applying an 20 electrically insulating and thermally conductive | ayer
adj acent the bottom surface of the nmenbrane. The electrically insulating

and thegmal |y Cé’és‘isjc!r'céé VPed QY Ol PBYcide SPPLEEd Y Aok RLELSEARLNPLDEET)

deposition process.
may be removed by dry etching.

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

Insulator (SOI) structure.

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

be applied by a (preferably blanket) deposition process.

25

30



25 30 21 MAR 2005 - 20 Alternatively the nethod may conprise the step of
applying an electrically and thermally conductive |ayer which adtMdARANan
el ectrode (term nal) adjacent the bottom surface of the nenbrane. Said

| ayer may be applied by a 5 blanket deposition. According to a sixth
aspect of the present invention, there is provided a nethod of formng a
MOS-control | abl e power seni conductor d8vice for use in an integrated 10
circuit, the device having an active region that includes a drift region,
t he met hod comphit§itagtiife st dhe rethias mayy conny iBg e ghrewiafed on a
sem condu rate, r ' t-Qr. ' aVi active
regi on th%&)%{lﬁ%?%ztggeg‘e&ﬁ%%el& (S)c-’ﬁ{H &%nlgyat \ﬂe(%'g%ﬁgyépgi%tl on of the 15
sem condueidrehs wlosts atse dieledve ctrddesastt exrnpiarali)oradfaddres e fhotitagm on such

that said at | east ortion of the drift. region is provjded in a nenbrane
def i ned bf“ﬁf&tcepé’rf? i 6‘?3“3?‘-??&1? ay 12 AT (R 255 L dUE
substra e lanKeeegsym4ed;. and, connecting at |east one electrica

terminal 20 directly or indirectly to the top surface and at | east one
electrical termnal directly or indirectly to the bottom surface to allow

a voltage to b | i.ed verticallw acros t drift region. 25 Said at
| east a porti o%‘cgcf%%c*]lgl etnq dondue rass%eoc:t[ roaj{]gth?r@r%seer?%nbr\"/‘é%mbﬁlo%t
etching. $ietetid gasiviadsdrd imsciodd tde Sermioen oS - Seibsts Bl &o1émy be
renoved by dry etching. 30 Said at |east a portion of the sem conductor
subst r at e POHEF REWGRVIF RRYT REEltrirf e Y9 imatdmglMegFatdan et ch

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

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

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

surface to allow a voltage to be applied vertically across

the drift region.

25 Said at least a portion of the semiconductor substrate

may be removed by wet etching.

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

may be removed using a buried insulating layer as an etch



- 20 (a) stop. The buried layer may be part of a Silicon-on- Insulator
(SA) structure. At |east one sem conductor |ayer may be introduceq‘ﬁﬁ. 5

i npl antation, diffusion or deposition fromthe back-side of tHe Hevi'te
following the formation of the nenbrane. A bottomterm nal |ayer nay be
applied to the bottom of the nenbrane, said bottomterm nal |ayer being in
10 contact with at |east one senicoﬁd%@f%} Tayer wwthin the nenbrane. In
formati on of the devices and in the nethods descri bed above, one or nore of
bi pol ar, @W9®,- BThevibSirieds Iguwes; &0 bea m@wrth afechribl biggererotknown

i ntegrate i it f i\catJ s may be enployed. In the devices and
nmet hods d§§§$ﬁb§6556§5§? ?#gﬂggﬁ%ﬁg regi on may conprise at | east one of
silicon, silicon 20 carbide, dianond, galliumnitride and gallium arseni de.

25 Where provided, at |east one of the insulating |layers nay conprise one
of silicon di ofitde2afi% [Mtfe, SIMLARACERN UAYRTINBKI kR, IREERRYFM BN t r i de

and boron jidiE g EIPOH MBS H JhdPESaM ol NMESH | G Wi dic NOVs bes £
descri bed by way of exanple with reference to the acconpanyi ng draw ngs,
in which: QB¢ Hegyide ficllowoenshe cCommssigeonf oz meewradiea prior art Jl
power diode; 21 MAR 2005 - 20 (b) Fig. Ibis a schematic cross-sectional
view of a prior art SO power diode; Fig. 2a is a schematic perspective

vioew of a firsta ot ering dewee Mg Wdli 8ot Ded Neo PEIES EPdL s ent i on;
1
of the membrane, said bottom terminal layer being in

10 contact with at least one semiconductor layer within the

membrane.

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

fabrication steps may be employed.

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

20 carbide, diamond, gallium nitride and gallium arsenide.

Where provided, at least one of the insulating layers
may comprise one of silicon dioxide, nitride, diamond,

aluminium oxide, aluminium nitride and boron nitride.

25
Embodiments of the present invention will now be

described by way of example with reference to the

accompanying drawings, in which:

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

art JI power diode;



15 20 25 30 2 11 MAR 2005 WD 02/ 25700 PCT/ GB01/04211 -21 Fig. 2bis a
schemati c perspective view of a second exanple of a device according to
the present invention; Fig. 3 is a schematic cross-sectional vi @ BAR 260
another 5 exanple of a device according to the present inventi-on in which
the potential lines are illustrated; and, Figures 4 to 43 are schematic
cross-sectional or perspective vi ens28{Pt urt her exanpl es of devices
according 10 to the present invention. Referring now to Figures 2a and 2b,
first and secorftig exanples: ofckematin aroppveecsiomabrdiew oot devpriton 0
according tqt ent .inyention each have a 15 sem conductor substrate
11 havi ng aa&bo#?{o%ﬁer actl:leO % that forms the main bottom surface of the
device 10. Afirst thin layer 13, which in these exanpl es conprises a

sem conductor layer 14, is fornmed on the substrate 11 and has a top
surface 15 thatF¥br M2 the defeRewpt Lurpeeerescbiveoviee @tvackiast The
origin f f iS4 ndj i i s 2a and 2b
by dasﬂ%d %%1“&@% ec%ihr?n%éﬁg%%ﬁéééﬂﬁ%l%%rﬁ%%ﬁ%ﬁe %ﬁ\ég%%%é fate 11
below the thin layer 13 is entirely renoved up to the thin layer 13 in
order to leave a region of the thin |ayer 13 bel ow 25 which there is no
substrate 11, this region being referred to herein as a nenbrane 16 (shown
within the dot and dashed 1lines). The remai ning portions of the substrate
11 form support |egs. The nenbrane 16 has a bottom surface 17.

10

15

20

25

30



The active structure 18 of the power device 10 (indicated 30 by dotted
lines) is in these exanpl es located entirely within the menbrarke! MR 20
the exanple of Figure 2a, the active structure 18 is electrically isolated
from ot her, Lces or circuits by an isolation [ayer 19 i.thin 21
VAR 2008 WP BEISEC PCT/ GB01/ 04211 -22 the menbrane 16 pePeEbethc top
surface 15 and the nenbrane bottom surface 17 such that the isolation

| ayer 19 surrounds the active structuRé-18 of the power device 10. 1In the
exanpl e of Figure 2b, the isolation layer 19 is 5 provided outside the
menbrane 16 wit IHig.t 2b tisi 2 Bajenatlix parepetbiatei tiswrobundecond active
structure 18 of .the power .device 10, In the exanples pf baqt,h Figure 2a and
2b, the po%@armlﬂeevi%fg %eg&ﬁfa?ﬁgoﬁgjdﬁ 19:[° It%eprgge?‘f‘lafmfesn C¥éed in the
sem conductor |layer 14 inside the first thin layer 13 10 and entirely

wi thin the nenbrane 16., The drift |ayer 20 su Boris gigh ol t ages applied
across the main B&nihdka Pﬁgﬁméﬁb‘%\nﬁr‘%ﬁsﬁsﬁé’tg Rt ey c%%/f@ Fst the
power devi Cexaridhd ofofd @A Rl aeksrdiiey U td@epresest ihvedtich tar mnals.
During such operating node, the drift Tayer 20 becomes 15 partially or

i deal 'y conphretl|sheydntanddads 1ipee | are cahlussratedsc8Rding to an embodi nent
of this invention, if the main termnals are placed on the top surface 15
of the device and within the nenbrane 16, the equi-potential lines in a
cross-section ofFigureiev do #Boayet hehematfic |cxpss-2eckbonal gt actical |y

per pendi cul ar fht [ face tom
surface 17.835%:%?%?%‘86 t?eﬁ&%h%gggn%od%?ﬁgnrﬁl]eo%f %{Eﬂfi%@?ﬁggg?%%%ﬁl% a first

mai n t erom bal the present amuentisurf ace 15 and within the nenbrane 16 and
a second main termnal is placed adjacent

Referring now to Figures-Za and 2b, first and second
examples of a membrane power semiconductor device 10
according to the present invéntion each have a

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

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

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

The active structure 18 of the power device 10 (indicated

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

devices or cilrcuits by an isolation layer 19 formed within



25 to the bottom nmenbrane and within the nenbrane 16, the potential |ines
are practically parallel to both the top and bottom surfaces 15; MAR b is
preferred that the substrate portion 111 be 30 renoved as the |last or one

of the la l.cation steps, and particularly after fo ' f all or
substantié*?g%z(?ol of the structures in and above the thils(gplf;g@lzbr"%ﬁ has

been conpleted, so that the entire substrate 11 can support 21 MAR 2005 WO
02/ 25700 PCT/ GB01/ 04211 -23 the whol e-B2-the thin layer 13 during these

fabrication steps. It is worth pointing out here the differences in the 5
t wo- di mensitiieaimembranei ab Hekweerbuwtheoonf sprface atd andyltheolmembeanevi ces,

such as conventional _junctjion-isaql ati Jl hji gh volta devi ces or

Si | i con-on- %“h@b‘#{’%& §']7 Su%g:}l%%ﬁ'ﬁn%Paiﬁt{)%ﬁe]rayﬁ/iq%es according to
this inventdyrounfis ¢ae Betseenstrudtuder 88 ba thd pdwed @evike gonventional
10 devices, the potential |ines are virtual/l yi.gé{gendi cular to the top

surface 5, Butthes eXagpler 85 FHIW e P hédhp 4F0 HelA¥E 1%né¥ align to be

paral | el 5t 0y tdis deRf (RPsIHRSEha! RemStldeAG® GitRYANEHE SERdDulsher 95 the
potential lines may |ead to premature breakdown. Figures 3a and 3b show

the 15 two-#ieleddiadndic ausrerpdei e sictive poruatree 18 S the pavesxanpl e
of a sinpleqpoied 3 e.v'hi&glh%heue&%ﬁ@&% YRh ts@gﬁﬁs 2R SREMp | RYENi On

formed by one sin voltage junction. In“the exanple of Figure 3a,
the main t epoweraldeviz® a0 conbazus on dtifh dpyeyr BAckhas bhpliaseddanf t

207 20, PRl i TRYE LY SOLIRS RGOS Spldias v ch L
Thi s drilfot aediemt26elhecdidsine ohpl mewbyana g .et deddrifiy laeew dAG age
bl ocki ng ”D93p5€¥k§“ﬁfgﬁaéé¥%ages applied across the main terminals
(not shown) of the power device 10 whilst the power device
10 is off and blocks the voltage across the main terminals.
During such operating mode, the drift layer 20 becomes
15 partially or ideally completely depleted of mobile
carriers. According to an embodiment of this invention, if
the main terminals are placed on the top surface 15 of the
device and within the membrane 16, the equi-potential lines
in a cross-section of the device along the drift layer 20
20 are practically perpendicular to both the main top surxface
15 and the membrane bottom surface 17. According to
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
25 to the bottom membrane and within the membrane 16, the
potential lines are practically parallel to both the top
and bottom surfaces 15,17.

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

been completed, so that the entire substrate 11 can support




breakdown occurs. Referring to Figure 3a in conparison 25 mﬁthPEi%qp.mla
and Figure |Ib, it can be seen that the potential lines are pelﬁe‘%ﬁ’uﬂar
or near perpendicular to both the top surface 15 and the bottom surface 17

of the ngp@hggﬁgQG, and substantially uniformy distribﬂﬁﬁgBé@%??nthe

anode region o the cathode region 22 inside the 30 dri 20 such
that the value of the breakdown voltage approaches its ideal |limt. In the
exanple of Figure 3b, the main ternindBs 23 are on the top surface 15 and
bottom surface 17 respectively such that the potential 21 MAR 2005 WO

02/ 25700 PGHeChBOwie42£1 the2tthin nkayenr & 3pduxing| thesectabypinafilonl to both

the top SLTéé%E% 15 and the bottom surface 17, and substantially uniformy
distribute om t he anode region 21 to the cathode region 22 inside the
drift region 20 such that the breakdown 5 voltage is ideal for a given

t hi ckness of the drift |layer .20, The .preferr di nent s ,of high voltage
power devices c&lﬁdiwl?g opPﬁﬁtﬁ%s%‘H‘F I}Weﬁ%goﬁggfggﬁe%ﬁ? er f¥8m 10 t he
prior arg dewd-bianenyiidnalwpytehieiabaddtdbutdoncbEepetor dite Hizdl ation in

t he preferred nmenbrane power devices is

realised vertically in a perfect
manner t hr o¥REade 4aY: 7e sYFh s GNP LA SH@CS PRVES/™AHIMre 18 of
the menbrangrrpoyeh dMiteel BedDdes So MR -bal-ehalil ¥t bPr @ the use 15

of an isolation |ayer 19 which surrounds the active structure 18 of the
power devi candotheimambyansy pewer deelieen|arqeiingafer Ehds v eREiaR t he
formof a hhﬁhéé[anﬁ) SPML QAGUEEST 14 AYRd BONFRG! @He! BoRvelk {&iLHNed
voltage so that all the junctions associated with said isolation |ayer are
rever se 1i adevioes zethe Motwatialnlings saxeseirtusd iysppapepdicwlay Wrts as

an effeCtiV"Ehe top surface S5, but as they drop into the body of the

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

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

 present invention formed by one single high voltage

junction. 1In the example of Figure 3a, the main terminals
23 are placed on the top surface 15 and the drift region 20

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

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

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

and bottom surface 17 respectively such that the potential



conduction barrier. Figures 4a and 4b each show an exanpl e oh-atﬂggyﬁane
power device 10 having a p+ isolation layer 25 19 which exten f ¢

top surface 15 to the bottom nenbrane surface 17 and which surrounds the

active 18. The p+ isolation |ayer 19 is conne round,
which in bﬁ ggﬂﬁﬁanples I's assuned to be the | owest potgﬁﬁggﬁﬂ% ilable in
the power integrated circuit. In 30 the exanple of Figure 4a, the isolation

layer 19 is provided within the nenbr-ade 16. In the exanple of Figure 4b,
the isolation layer 19 is provided outside the nenbrane 16. 21 MAR 2005 WO
02/ 25700 PirfdROax@4 phtrallad $hené§rﬂpﬁﬂam1euayerbchh the eromtdurflagebe nade

of an |nsulat|n |Layer .such as_silicon o e in formof a
trench or H@?/% /53‘"5‘ gourtace cher & >8a BPEQPF‘%@ Yh‘énjré?ﬁ“&t ¥i on can be
made by tre@ﬁé&slﬂudéaecfrdm Ttheaaﬁa@éw!'é‘dlcﬁf 2axtdetBadcREhydé | Hefion ayers.
Gther insulatjon materials can also be used. Another alternative is to

use air gap?2(sids the qﬂ&@&'reﬁiﬂﬁr%%dﬁ“’ ithatathsnbreakdaym er o

| sol atiog '@afﬁfgel%mé%q YedaWyien Xkt ofeRheaasid6 14/ eparate
plural power devices 10 placed wthin the same nenbrane 16 or to separate

bi polar or M0S | ow voltage devices fromthe power devices 10. Referring
15 to Figure 5a, there is shown an exanple of four such power devices 10
pl aced within the sane nenbrane 16 and isolated from each other through

i sol ation IayersT¢¢5ﬂx§Eamndd|$mbhélmﬁnhbreﬁmhtgh vRdtegei rRgwed Fi gure 5b,

there 1S Shauds el ORoodt it ARnEXBIBLENO LUl 1BANRY cBoN} £85, Lo dHf aced on
20 separate SpPective ne anes |so ate ronleac
10 the prior art devices in the way the isolation is achieved.
The isolation in the preferred membrane power devices is
realised vertically in a perfect manner through the absence
of substrate below the active structure 18 of the mewmbrane
power device 10 and is achieved laterally through the use
15 of an isolation layer 19 which surrounds the active

structure 18 of the power device 10.

Where provided, the isolation layer 19 may be in the
form of a highly doped semiconductor layer connected to a
20 matched voltage so that all the junctions associated with
sald isolation layer are reverse blased or zero biased. 1In
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
25 19 which extends from the top surface 15 to the bottom
membrane surface 17 and which surrounds the active
structure 18. The p+ isolation layer 19 is connected to
ground, which in these examples ls assumed to be the lowest
potential available in the power integrated circuit. 1In
30 the example of Figure 4a, the isolation layer 19 is
provided within the membrane 16. 1In the example of Figure

4b, the isolation layer 19 is provided outside the membrane
16.



ot her through isolation |ayers 19 placed outside the nenbranes,16

. : . : \ 51.:\;{ I
Referring to Figure 6a, there is shown a schematic 2D cross-sedti on® of

a
power

integrated circuit 40 which contains one nenbrane power device 10
and CMOS | pol ar devices 41 placed outside the ne .
Alternatisgﬁgﬁéqﬁ% CMOS and bi pol ar devices 41 can al so ggﬁagﬁﬁ%gﬂ on the
menbrane 16 together with the power devices 10 as shown in Figure 6b or on
different nmenbranes 16 fornmed over the2sane original substrate 11 as shown
in 30 Figure 6c. The exanple of Figure 6d differs fromthe exanple of
Figure 6¢c in that the isolation layer 19 is placed outside the nenbranes
16. It is evident that _the use of theﬁﬁynbragfs %E and kf0| tion |ayers 19
can provide 21 3§094atiop lavet MprvemAEerPrablLte b M98 941 3R on bet ween

the power {gi1GRSnd0 1a9drt BachOds PAVEIcon bailié Sadd gy B |inagheet ween
adj acent power devices 10. 5 Referring now to Figure 7, considering that

g
all of the fewk A&l $TePehyPECEACEH tduenr-opAgurt ¥t FWEHHP% his exanpl e,
ayer 5! Naledsnatlidfel, ! ikt UBol BEMbAddH) Hlitnall! 6 Bfénched dialtignel Y i oh
thermal conductivity may be placed adjacent the Dottom surface 17 of the
menbr ane 16with helgandaimhe of osiderard rodyisidacen laveh®at QWiedh ot herwi se
may be trap | S| ' e | | he | |
oper at i onal ?E%]l%‘ﬁ?’g?“&%?‘r%ggzéggd?ﬂn%%%a tuhietg'l a%%%fi?ésd%glra% eaf ter
t he single backe siske adtrlgapp disothelledniMEsdduotortyehshtate 11 is carried
out and nay.belin.tqe 15 formof a blanket deposition of a dielectric
material w tf° ?ﬁtﬁpthernal conductivity. Such material nmay be for exanple
based onodi amond. OGther nmaterials, such as boron nitride, alum nium

nitride, and al um ni um oxi de,. can.be wused. As.shown.in,Figure 8, the
i nsul ati ng |ayerSggp¥é%,f§éhdtion layers fgimay be used wigkgn the

same membrane 16 to separate plural power devices 10 placed

a

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

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

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

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

30 Figure 6c. The example of Figqre 64 differs from the
example of Figure 6c in that the isolation layer 19 is
placed outside the membranes 16. It is evident that the

use of the membranes 16 and isolation layers 19 can provide



20 fill the entire gap in the substrate 11 left by the nenbrane formation.
In either case, a heat sink 46 may be in thermal contact with . AR 2005
insulating layer 45 to extract heat. 25 As shown in Figures 9a and™b, the
first thin layer 13 nmay conprise a thin insulating | ayer 50, the bottom of
which effectively fornms the nenbrane bottom surface 17, and at |east one
sem conduct or | ayer 51 placed on top'o@Gtﬁe thin insulating | ayer 50, as
known in for exanple state-of 30 the-art Silicon-on-Insulator (SO)

technol ogy Veryt iifecfdste aleS@iqadc Hrfs oy Sude e dspridigauwser, Sl MOX

or Unibo .7 the t f po
circuits. Q%\{Egc?éréﬁioy/sﬁ%%, tﬁ’l ﬁcoﬁ%ggr“’ aérrlnortr:c ctaénh% 60%%7106&%%5!%9 04211
-27 'be u&&@aa@hﬂNﬁbwﬁrtdﬁwﬂdéﬁ Eﬂeps of the high voltage Sol process,

and as in the exanpl es described above, the sem conductor substrate 11
bel ow the buried insulating layer 50 may be partially renoved through

conventgonal 5 Méfxffﬂ@%@vy 54 N SuRRACK; S &g RACPIAY- chdk L B SX AL €,

the buried insulating lTayer 50 acts as an effective etch stop to formthe
menbr ane I&rnirpors aune ypladedh emetbmittop tewnface slarin ptlatedevamphe, t op

surface 15 dW|t theb ied insul ating l.ayer 50 al so
ol b 50 il W A SR AR S b TR s U Va5 he
drift | ayefeﬁ&:swry trtteéhtﬂ@eiaﬁ@pk@@mud@iw@p m@{; b ep IREBA 2AE] ROV
device 10 will be close to its ideal value. t he exanI)Ie of Figure 9a,

t he i sol attlfm Pefieem 1@1r$%%|3a"ée@fvw1t1¢urnerﬂ%a%n%6 abe help|rempee exanpl e of
ol dS Phkad "ol ah O LRSHede i O ABtupue syl Lhecrmgpiane Lo
may be f orimesidel dve thembeathe ahe ﬂﬁlbe the power device is
operational. In the preferred embodiment, this layer 45 is
formed after the single back-side etching of the
semiconductor substrate 11 is carried out and may be in the
15 form of a blanket deposition of a dielectric material with
high thermal conductivity. Such material may be for
example based on diamond. Other materials, such as boron
nitride, aluminium nitride, and aluminium oxide, can be
used. As shown in Figure 8, the insulating layer 45 may
20 fill the entire gap in the substrate 11 left by the
membrane formation. In either case, a heat sink 46 may be
in thermal contact with the insulating layer 45 to extract

heat.

25 As shown in Figures 9a and b, the first thin layer 13
may comprise a thin insulating layer 50, the bottom of
which effectively forms the membrane bottom surface 17, and
at least one semiconductor layer 51 placed on top of the
thin insulating layer 50, as known in for example state-of-

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

integrated circuits. Alternatively, silicon or diamond can




20 shown in Figures 10 and 11 to help renove the heat laterally to the
substrate 11 and/or directly to an external heat sink 46. |n the &MylBs
of Figures 10a and Ila, an isolation layer 19 is provided within the
menbrane 16 whereas in the exanples of Figures 10b and Il b, an 25

i sol ati on WAY¥FSE provi ded outside the nmenbrane 16. in PREGEY4HMle shown
in Figure 12, a further electrically insulating |ayer 55-wi th enhanced
mechani cal properties is placed betwegp.the buried insulating |ayer 50 30
and the feI ectrically insulating but thermally conductive Ilayer 45 in the
region of t ra | RO r ngteh t t t he
menbr ane 1€&§n élpgﬁnﬁﬁfnggeﬁgﬁe;%ﬁgﬁﬁgﬁsng%hgﬂﬁcg?gﬁd%?ﬂ%gkﬁfgﬁhe

menbr ane 16prdes@iRangoRs WD ORe 26700 1eET/A@BCribadl1aboves the s addi ti onal

i nsul ating |Laye I e arg;ga_ﬁgqani cal stress
in the rrenb?%%e&f@cé%&ﬁ%ﬁ‘@’gggggge%ﬁ%??ﬁ:tél%agﬁgsi?gnig%ﬁ% e ectrically
: nsul agijng_ banye:it lhm ey bec padidblle remmred X hiroughe cbuvertidgnansul ati ng
ayer it W e reci ated that, t hi nechani_ca strong | ayer 55
can al sosb_ep?)%,\‘lé%’é"bfrﬁgg;r) st%‘r{’ge}'engﬁﬁgéﬁjeéelbeﬁicrylél of He’xgt ﬁ’éat‘m@fa{rr%l es
Flescrl bgg | Bhé th@riéd)eniédMﬂnﬁn lbhet shr:]) a‘m'lts leaw et k€fbutied el ating
ayer , such arrangenent enhancing the_el ectrical ssi vation, 10 and/ or
mechani cal BEPPOF?Eﬁhé&EE%qIW?N?FPBEtgﬁe i*WQQﬁ%%ﬂfiyba ﬁFEuF@?I@aﬁqua _
resistance gRyhiRil CarSYY B d DMCRhe "BSHNIERIdey 13 BAAJwh BRLh atherg | ayers
can be deposited on the ‘back side of the menbrane 16 to increase the

thermal  di 3mbBERP®NL6 pashe tded doepizblry kWAueTS cat80 Padpe 15
mechani cg | \éch%@vgegbﬁﬁ‘{'folﬁfg c?i’b‘yr‘lgui:%ﬁcéf ashdYdtntiaengnes0 achi eve

good adhesi on between one |ayer and another. The insulating |ayers 21 and
buf f er | ayednsddebeheai driffeslayer 20 such that the breakdown voltage

of the membrane power device 10 will be close to its ideal

value. In the example of Figure 9a, the isolation layer 19
is placed within the membrane 16. In the example of Figure

15 9b, the isolation layer 19 is provided outside the membrane
16.

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

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

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

minimise the risk of mechanical rupture of the membrane 16.



oxi des, anorphous materials or polycrystalline materials. 20 In the e
exanpl es shown in Figures 13a to 13c, when the nmain device t er mlraM¥ &ie
pl aced on the top surface 15 and wthin 'the nenbrane 16, the first thin

| ayer 13 i case conprises two sem conductor |ayer f opposite
conductivﬁﬁgﬁﬁgﬁ%)such that the drift region in the pome?cggngévlge 10 is

now conpri sed of two seniconductor regions 60',61' of opposite
conductivity type placed above and i n-28irrect contact with each other to
forma sem conductor junction. The presence of these two sem conductor
regi ons 60thid'additdidi=adr dabulabiing tlayery maypalaadhebpdtos ect 30 cont act

can significantly increase the_breakdo ol t age of, e device. IS 1S
due to the ?RWR%&%ﬁQﬂ %ﬁﬁuﬂﬁ%ﬁﬁlio? Ax%? ﬁ%r§éﬁtﬁ8a§Q8iT%§§H%ﬁ$ ggtmeen
t he sem congh@ty |ery Sentihc@ltnbi &dhdsitin idfathe ehecteptsriwn of the

entire drif{ 21 MAR 2005 WO 02/ 25700 PCT/ GB01/04211 -29 region at_nuch
| over vol t atRS ARG LWy SNEFBRA LY oF PRREELVA 18YREAAS Fﬂa\:hgrﬁ“ﬂﬁdft regi on

acts physi cahby1 fSim 1dyHy ishsi Crhayell ik idpprieteavelit 8agt biprki ng node and
the potential lines in"a vertical cross-section of the device 5 are

per pendi cul BechanigrllyFantadayes ahdcahalithBieaRdacsst HBHES fi%ace 17 and
more even! yndhsting e A dih enedothds 'SRl ed) delR1BEET AL hieCt i on.

For these structures, t ectric I's therefore practic y uniform
al ong 't he depecifiggivion rthate dcanotahave the dupiescinsulabinghkaysrctric

field reach [ rifl \ n r t he
electric fi g?d Eg?ﬁté]%is‘&g%?% rﬁ:: %ﬁgﬁgéﬁgt% Ié;l uni %\rg% 9%&55.%?%(3 down
vol t age,1onianll/br geahimicadl \perforaanntedf byhe het ayaarendecludbeg el ectric

field curve fn the,x girection hetveen Lhe, 18, 18l n dyhialgeR! the device,
- mechanically strong insulating layers can be deposited on
the back side of the membrane 16 to increase the thermal
dissipation, passivate electrically and/or consolidate
15 mechanically the membrane 16 and/or to act as buffer layers
to achieve good adhesion between one layer and another.
The insulating layers 21 and buffer layer may be nitrides,

oxides, amorphous materials or polycrystalline materials.

20 In the examples shown in Figures 13a to 13¢, when the
mailn device terminals are placed on the top surface 15 and
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

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

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

60,61 which facilitates the depletion of the entire drift



understood that the doping concentration and the thickness of gﬁf,twg
sem conduct or | ayers 60,61 each play an inportant role in obt Ait “W&“Phe

maxi num br eakdown vol tage possible and are preferably sel ected such that

the entir dof t region is depleted at relatively lo onpar ed
to the raﬁgg /gzgkdomn vol tage. The choi ce of doping cgﬁggh?ggﬁfﬁn and

t hi ckness of the two sem conductor |ayers 60,61 is also influenced by the
type of power device enployed and by-8Re associ ated fabrication process.
25 The exanple shown in Figure 13b is of the S02 type having a silicon
oxi de i nsulzggipg R&ymucholoWer extadee thhn Fheupbrealsiowns vedhrgeof the SQ

type havin I J.con Ld i ti a 5& ggg l.ectrically

i nsul ati ngg%}gjfssig%a %eF?n%‘?:l ghgond{ujé:‘?ifv%qlogyérg{:iS posﬁqgg a%ngphe back side
of the insinatinejd dpyerSAuringviid vodtager btoekiuny tumaie and €hectrically
I nsul ating but thermgl,ly conductive | ayer can 2/ 25 PGT/ GB01/ 04211
-30 al so bep%&éwﬁlgg‘lts%st 38 BoY $ort fcgegsiy\e/%)‘;g?%eogm% %3%36 of the
JI exarrptsg §f@mﬂpfenlﬁi@marlﬁa. the ttclk;e sutdapkes sandche reddranel4c, which
correspon 5 general]y to_the_exanples sho in,Figures 1l3a .to 13c, the
drift regi oh°‘?'1gP"%a%H’ _ 75 3pdr W?@\Ye\ggﬁtgég?g%cﬁuo%&% ers of

al ternati ngggppdlucddidnd Wnl ¥Be Ditéial Qlidedtioh.cagbrothidde in the y
direction such that the entire drift region becaones conpletely depleted at

10 rel ati vePYrrefixas + &de ednshréa fieldids theyehprareArticidiiYage. Again,

it will be apprenh airchd hate ARise! fe41dLald ke dukathngoput thermal ly
conductive layer 45 can be dgE05|tgd on the bottom surface 17 of the
menbr and.0 18iseckingn of khdde elaspric. fheld reaches its critical

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

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

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

25

The example shown in Figure 13b is of the SOI type

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

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

electrically insulating but thermally conductive layer can



in the exanple shown in Figure 15, when again the main terninays 2 REHELY
pl aced on the top surface 15 within the nenbrane 16, the drift region of
t he nenbrane power device 10 conprises plural adjacent |ayers 70,71, 72 of

alternatiqgoggﬂﬁ@pductivity type arrayed in the third di?@ﬂ&h&ﬂufu These
adj acent sem conductor regions in the z direction form transverse

sem conductor junctions in the z direction such that the entire drift

regi on becomes conpletely depleted at -30el atively | ow voltage conpared to
the rated breakdown 25 voltage. The presence of the vertical junction
pl anes in aleo dalideposisedonnt bke rhatihaamsurfaresiy tef i theymemprane

distribution_of:-t ' | ] Lft region in the x
di rection, a%i% 1?%%?@%3@%“@%8 %&%@kggﬁﬁgﬁ%ﬁgagéa'to be close to the ideal
value. As in the exanples 30 described above, the potential lines in a

vertical (x,y) rqss-sectiqn of, the devjice ar er lcular to the top
surface 15 and fﬁbqﬁﬁhﬁ?ﬁﬂ§ﬁﬁatFBHY%L&?E%§§ 7 gﬁ 'aﬁﬁfg%u%°r5ﬁ%%ﬂ%9d to the
y axis. TFheggp@tdlgland the tekiatjsDesSsindwii Nt ZhgiRBs 2008 8O 154,25 H0

PCT/ GB01/ 0421]1_-31 adj acent sem condyctor | rs 70,71,72 of different
conduct i vi tQI?%er%ﬁaié;%e‘Ine&a&g S@eh ¥’P1 °1E“PF? ¥i PEVEERRon  depl etes
entirely i ngtiecopdicasr blBakdsngfMaleeBlat 117} dondaky 1t 0wy veypagmigenpar ed
to the rated breakdown 5 voltage, thus increasing the breakdown vol tage

close to it8n FeRaPf each otheryip the virdbreatdos eHsh BRRFsEN®hree
sem conduct @htk@&eﬁfﬁ@,ﬂ%ﬂ& %%oalagwe%aﬁ@afaq, 'd@g&@_@ea agli rection, just
ree such | y be enpl

two or nore than t ayers m oye it wll further be
under st dodd reaatively kowcialtege gompauedt tadghauratedr hapadewhduct i ve

L er T JEURBRSL A, HIE IOt B gyiaciuckls Shakgnrerorane 16 11
electrically insulating but thérmally conductive layer 45
can be deposited on the bottom surface 17 of the membrane
16 of any of these examples.

15

In the example shown in Figure 15, when again the main

terminals are placed on the top surface 15 within the
membrane 16, the drift reglon of the membrane power device
10 comprises plural adjacent layers 70,71,72 of altermating

20 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
that the entire drift region becomes completely depleted at
relatively low voltage compared to the rated breakdown

25 voltage. The presence of the vertical junction planes in
the z direction on the membrane 16 results in an even
distribution of the potential lines along the drift region
in the x direction, which increases the breakdown voltage
to be close to the ideal value. As Iin the examples

30 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

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



In the exanple shown in Figure 16, the drift region is 15 formed by

several cells 80 of different conductivity type placed alternate}y s 68ch
other to format the top surface 15 and in the x,z plane regular patterns

such t hat he entire drift regi on becones conpl et ed during
t he vo|tad@8§?%€%fng node so that the potential is 2Q digbpcgﬁﬁgghuniforn1y

across the drift region. The cells of different conductivity type nay be
fornmed regularly as shown or irregul a3y (not shown) in the x,y plane. In
t he exanpl es shown in Figures 17a to 17c (which 25 show respectively a Jl
devi ce, a Stlijaleatitc gerdrubraluStbordayees ry,img 72noél déEfecenty i nsul ating

but thermall conductive | ayer 45 applied to,th ck .0 he nbr ane

Ty e eubSeaSRry Sms e SeneRPed cudin ek pRRraBiet FedTHR 1t region
20 lies wtpheplétes naitiang 16 thBusolBiydBlockinghmodei 4t region 20
remai ns outside the nenbrane 16 (and is_therefore pqgsitioned above the

remai ni ng paftakivelhelaykalitage coypaner Grithe datefabseakdowm aced on the

top surf%cg#%%g%,b Bhed efr?&léévsih?etﬂégﬂré/ﬁécﬁﬂle_vfoqﬁzggaals:llgée'\@@?&pf’ WO

02/ 25700 P 4211 -32 end of the drift region i ocated wthin

the nenbranddead vilue: tHe widi el uagersered fdiatenipidptt Rbreeift region
20 may e S AnPHoRd ¢y %Qvéglvfcggé'%hd \Mﬂfaylga 1APphECs ated that

an electric y nsul ating ‘but ther conductive 'l ayer 45 can be
deposited odirketbont ojwstrfweeor mpref thae thwds @vehl dayeranpapfbe hese

exanples. in I the_ e I crib h in Figures 2 to
17, the malF?%gPygéé sﬁ%s??g?éﬁﬁ%ﬂgﬁéBgngﬁ%%B%%§¥gqﬂﬁ§ %ﬁg pl ane of the

| ateral Devielectibcally besalseing hatnmbhermabhprocdmbivtipees lagerbmak side
etching is %E}deposited on the bottom surface 17 of the membrane 16 in

order to extract heat from the device 10.

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

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

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

25 show respectively a JI device, a SOI device, and a SOI
device having an electrically insulating but thermally
conductive layer 45 applied to the back of the membrane
16), the substrate 11 is removed such that only a part of
the drift region 20 lies within the membrane 1l6. Thus,

30 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

top surface 15 but, preferably, the high voltage terminal



ani sotropic etching, which is typically performed using a KOH solution.
The silicon substrate 11 is a nono-crystal and the etching ratep;gfan 260
ani sotropic etchants is dependent 15 on the crystal orientation. The

etch-stop‘ﬁk%%?({oare usually the (111) planes. Those dg%éﬁﬁg?l%a%‘&he SO

type that he buried oxide |ayer have the advanta e back
side etch stops automatically at the burjed oxide since the etch of the
oxide is for many etchants: (including KOH) much slower than that of

silicon. A nativel y._far _ bulk siljca i. e -SO ) devices, the back
si de etch céﬁ& e t\é-bentq’r&ﬁedselgﬂ‘oﬁ ?r@ bf %é@&eﬁoyﬁgﬁ%aﬁ‘?.m?waé‘&j of wet

ani sotropi cleteiilgy they mackolicdge2bethtiin@n@ryEbendsadi fOregyiRAuci ng any
of the merrbggntﬁ ower_, devices, according to the present invention. Dry back

side etchi 1SR Ly Rl that memerang 116 -of AgReNsubst¥htk be11 are

vertical, asppheiated venatlarexageteiban Ty dHRA at8ngapde ! %nﬂﬂ means
that the vol unme occupied by the gag in 30 the substrate 1 el owt he
e

menbr ane 516CPRAVEE 1 gAYe ) dfe Faa@nbeoReporitiad cunsse bottow sutfagete 11

and thus a 1pl | PR ] u ral spacing between
t hem can belgcﬁif Z%/ﬁe%)&?ﬁﬂ% he s&%ggh%gy\géf ih-'n%eg%r %tgcgglbg%ENAR 2005 WO 02/ 25700

PCT/ GB01/ 04211 -33 circuit nore easily. in the exanple of Figure 1?2, t he
xarl e of £ qur 5 b5 "Ehe e Sk, oS BIl Werklord BRSH e (ne
menbrane 16Figures thetexdhplthe valdsi of Ftlgmr@b]étraltlee;tma‘aeamegﬂ&zh;s
(G (5807ne £ SN L 1SR A0 R ATl
renoved bel thet hestctomson egpaimiteotokrhback side etching is wet
anisotropic etching, which is typically performed using a
KOH solution. The silicon substrate 11 is a mono-crystal
and the etching rates of anisotropié etchants is dependent
15 on the crystal orientation. The etch-stop planes are
usually the (111) planes. Those devices of the SOI type
that have the buried oxide layer have the advantage that
the back side etch stops automatically at the buried oxide
since the etch of the oxide is for many etchants (including
20 KOH) much slower than that of silicon. Alternatively, for
bulk silicon (i.e. non-S0I) devices, the back side etch can
be controlled in time or electrochemically.

~ Instead of wet anisotropic etching, dry back side

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

30 the substrate 11 below the membrane 16 is no longer
dependent on the thickness of the substrate 11 and thus a
plurality of membranes 16 with reduced lateral spacing

between them can be achieved in the same chip or integrated



10 device 10 so as to leave a gap in the substrate 11 below the active
structure 18 which helps to increase the breakdown capability of the
device. Figure 20 is a cross- sectional view of the exanple of ZFilr®h19.

Figure 21 a SO variant of the exanple of Figures . 15 As
in all of ‘Y@Eﬂi«g‘gml es descri bed above, the ptesence of Péﬁgﬁgﬂ]ﬁgﬁn t he

substrate 11 below the active region 18 (i.e. the formation of the

menbrane 16) neans that the potential-3frnes in the drift region 20 are
perpendicular to both the top surface 15 of the device and the bottom 20
surface 17 ofrehid monsr £381dnd afe thehexampilel P§ Ehgvre M8a, &hetributed

I nsi de the | I egi u Kk proaches its
ideal Iim tgééfinér’t oggel%glﬁe%f)éé gHo%g‘?in&#é”&?g%%%%’;%?@ﬁoch 25 are
respect i vel yhéteamdiiSGhey axiaapl s, of Heigyare il8bt htheubsolalt torl Layexf or ned

only partially. [ it r.f regi Qn ch_that only a part of the
drift regi o# 2{#irl)sqeo‘?ldiréerrdeg’ultr?&fiﬁegﬁ%r%erné%eai%GasAgai n, the min termnals
are plased on the top surface 15 but preferably the high 30 voltage

term nal end of the . drift r«?l%iopl 20 is Iacedlvviﬁ_lpintrtlh?rre rane 16

whi st the | ow Vit (S5 PAIRISAPRRE 1 e 9 obts) R FE Setforine 16, 21
MAR 2005 WOs@Zned 9P f¥adtCEiNe048¢hing4( i guistirZageshvBol macieimig)an
exanpl e of a_nmenbrane high voltage | ateral DMOSFET (LDMOSFET) 10 accordi ng
to the preSénEhe RWErRETAFS tinhi R ERe *fF3UR1SE SioyR 25hessypstrare

conducti vi tyjt yReoniepSE arnRee@Npélonthd htdrdl Regibfll 08 &8 e Of n
conductivity type and very well doped wth donor inpurities to forma good
ohmi ¢ covft agevigadlehee 38 ik I1leaye 3 gap ple ditfuaubgtepteype. balewnvent i onal

insul ated gghg LOEIFE DYrdctdid enstiehefel Y ¥o AadsR the

breakdown capability of the device. Figure 20 is a cross-
gsectional view of the example of Figure '19. Figure 21
shows a SOI variant of the example of Figures 19 and 20.

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

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

breakdown voltage approaches its ideal limit.

In the examples shown in Figures 22a and 22b, ﬁhich

25 are respectively JI and SOI variants, the gap in the
substrate 11 is formed only partially under the drift
region 20 such that only a part of the drift region 20 is
formed in the membrane 16, Again, the main terminals are
placed on the top surface 15 but preferably the high

30 voltage terminal end of the drift region 20 is placed
within the membrane 16 whilst the low voltage terminal end
may remain outside the membrane 16.



10 polysilicon and/or netal |ayer 94 is placed above the p well 92 and

I solated fromthe source netal layer S by an insulation Iaye539gv.%%
thicker insulating |ayer 96, referred to as the field oxide,*ﬂa*“ﬁé”
present atwé hoash of the drift layer 20 between the in te and
the 15 dréYn regﬁgn._The polysilicon/netal |ayer 94 may gg#gk 433 a short
di stance above the field oxide 96. in hgg on-state, current flows between
the drain terminal D which contacts f n+ drain region 91 and the source
termnal which contacts the n+ source region 90. This current is 20
controlled by the potential applied to the gate termnal G which contacts
the insul ated gatiguré@nadshogbein PN ah ekamphe! 6£Gh terbiangat e

term nal wﬁ%@gres ect tqQ the source term'nalE ﬂ channel of electrons is
formed at t 1%04‘5%@3 Of2HER@ L DYRFTED 2 LIRS ET ho 1 P naTPRETHRY 4% Thii ch

al I ows flowedsdit Shffddtatn ihoghibie SRUGA fkedeglont 6 OLGho# he channel,
via the driTt region 20 to the drain. The device can be turned on and off
by appl yBngeendegprtigry fypepothat senree regiengileandr theadraithe high

vol tage L i ﬁqg def isn Y, urface 15
and the 30 ne JE)Eo-rr%tngzl l;uortaefge#n %FP?{%@SW h(&%&ﬂ%&gnggﬁgt%’%?nfs%%ge 17 is
situated i nwitle donhr eloupuritdfest he £ovw s gand ohmiet verbact heandkheur f ace
15 and the geni cior 12. T 16 is
therefore t i%fﬁ%%ﬁrqéﬁ%ﬁhgﬁﬁﬁ% V\ﬁ 8%1%%6?@%” GB01/ 04211
-35 the seninsubthmddrgstdsiomted by sucind hatsulladedt eydevbieamper ates in

t he vol t.age bl ocki ng node.,the drift _regi 20 _.becanmes conpl etely depl eted
of nobi Ilg’ cBPIY&t l"g% ?rh%/orp&egﬁ#i ﬁi?y?’?ni‘g :‘Eﬁé’]\ﬁcre?uﬁﬁiayep Phdi cul ar to
the top 5 sueface2 landntedirtdipitromn TREDE AN & widtade 1ayeassshpvanin  Figure

24. This is,in contrast\Mtr1£rior art Jl fDNCSF%Ts
insulation layer 95. A thicker insulating layer 96,

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

15 drain region. The polysilicon/metal layer %4 may extend by
a short distance above the fleld oxide 96. 1In the
on-state, current flows between the drain terminal D which
contacts the n+ drain region 91 and the source terminal
which contacts the n+ source region 90. This current is

20 controlled by the potential applied to the gate terminal G
which contacts the insulated gate. When a higher potential
is applied to the gate terminal with respect to the source
terminal, a channel of electrons i1s formed at the surface
of the p well 92 under the insulated gate which allows flow

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

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

12. The membrane 16 is therefore thin in comparison with



in which the drift region is conventionally placed above a thick
sem conductor substrate which in the off-state is not conpletghwidepiiet ed
and therefore the potential lines bend 10 fromthe initial verti caf

direction W&o{l%ioodri ft region to align with the hori zon{,ﬁ/ggd’mﬁg%ﬁon (x

axis) within substrate. The advantage of the high vo rane
LDMOSFET resides in higher breakdown voltage capacity, a nore uniform

di stribution of the potential |ines at3fhe 15 surface and a better

i solation through the use of a vertical isolation layer 19 in the nenbrane
16. In thi stheemwmc@nduﬁorsauhstma dlesuch thaknekenfthe KHiegicg doped p+
| ayer and i r I S dgrst ood
that the d @ce S ovvn |ttr1;l%F}]ggrt§8§ ﬁf%%ar@y%i?& ctezl y&ggﬁgalq%ilséglvgrbal
stripes/fi rnogeoiet|danpietielyt depleted dufimabikeccerrhers and ithd evel and

power spec ign 6 opi ng
concentr at |%<§1éér§rg§/ q‘y%iég f&t?‘eggryu?ﬁr# %eetﬁ?;e%ﬁtigpgé%eéggé?gt%og drift region
20 betwesn SuPfdae 21(Bnamh¢h2é5bbbéohetmgﬂtrarfe twefdcef 171 agi gshowld0-im0Om  The

doping of the drift on 20 ,need t nst nt an romthe

source end fo9tHe 'a| iBF&P &R% §5uF’6g E@&@ME{T 8pi ng may
be 8x1015/ci wiidie &Ha:rcnﬁsam&ebwﬁaiéycoﬂxﬁenbmm/wnﬁlabeaiwo@lfealan end. 30
Fi gure 23b shows, an, Sol variant_ of the exanple of ure 23a in which an

i nsul ati ng Fayer semiconductar subphzaby wWikeDdas tie 85/9-25‘76'69 PETASS0L/ 04211

-36 bottom eBmﬁbét@'iyfd%éﬁéﬂéH‘ atd eﬁeﬂafér@ftﬁé@dﬁmﬁameliﬁes Dl
i nsul ating | ayer 50 need not be thick as in the case prior art SOT high

vol t age ldevEEed Bhe iRitiakresdisal dbrgchinm i fhe l‘iﬁéfﬁoféﬂ%‘i’%ltq n the
vol tage bl ogkigg {PER the horizontal direction (x axis) within the

substrate. The advantage of the high voltage membrane
LDMOSFET resides in higher breakdown voltage capacity, a
more uniform distribution of the potential lines at the
15 surface and a better isolation through the use of a
vertical isolation layer 19 in the membrane 16. 1In this
éxample, the isolation layer 19 is made of a highly doped
p+ layer and is connected to the source terminal. It
should be understood that the device shown in Figure 23a
20 may typically contain several stripes/fingers/cells such
that the device meets the current level and power
specifications. For a 600 V device, the drift region

doping concentration may typically be 10*¢/cm®, the
thickness of the drift region 20 between 0.2 to 20um, and
25 the length of the drift region 30-501.tm. 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
end the doping may be 8x10%%/cm’® while increasing linearly
to 3x10%*/cm® at the drain end.
30
Figure 23b shows an SOI variant of the example of
Figure 23a in which an insulating layer 50 is placed at the



5 (when the device is off) is not supported across it in the y direction
(as in the case of conventional SO high voltage devices) but instead
along it, in the x direction. The isolation in this case is madé\raydt rench
oxi des 19 but other types of isolations, such as p+ layer, nmay be used. 10
Figure 23YQPRAE% variation of the exanple of Figure 23BCTGROYMIMK an
electrically insulating |layer 45 with a good thermal conductivity is

pl aced bel ow the menbrane to facilitakg-the removal of heat to a heat sink
46 and thus avoid excessive self-heating. in this exanple, the 15

i sol ation | | r qyisded | t n ﬁggg ikt wll be
appreci at edﬁ%ﬁﬁn}z%r? zlh%ct@rf:iggl r‘gg{%su ﬁﬁgq%ggt&ft Elé%%? y é%’n&:?ét I ve | ayer
45 can be Teppsinsdadingndayert binmserd awe be thitkeaselbriee chgeof 20 any
of these exapples. Figur a,to 25¢c show. n_d Il _exanpl es. of Lateral

| nsul at ed C%ft?fﬁ%ﬁﬂa Y F? ngggpoyofiﬁ%iﬂééWﬁﬁﬁgr§§g Bﬁ%e?n €s in which
bi pol ar curveny toinducincen thiet pobehttaP S rmdrifet vodgage Blockispeended on t he
menbrane 16 ,is enmpl oyed , and whi correspond generally to,the FETs
Shown 105 EirE b i ds BhEl L7 Aol Pibac Eadn aeren th

nmenbr ane poﬁediﬂ@d’di‘cﬁﬁ @ imhehbDbRSERIE nevyRfenta\vna@ssohontgh i N Figures 23a
to 23c is the_use of a,hithy doped p-type 30, hol.e injecta&ylayer 100 at
the anode. BPPpERSE dHHRRS) St Apsteed@ionmd ey iltebipsX cPirertian sed by
conducti Vi t ¥ne DL A1 QD D G BEEET 14 ANSde IH)y VALKt BxLEEH O i ON-
state resistance. Again, it wll be appreciated _that an 21 MAR 2005 WO

02/ 25700 PCPLEBp1tyRen 1of Fpadiaddonpeafigh | 3% Ratlia¥§rhulayhbe ieged,.

conduct e ¥a¥fike423c CAHLRL £19A93ak 8n00s ! iife RIS U #EGuld £ the

menbr ane any of these exanples.
in which an electrically insulating layer 45 with a good

thermal conductivity is placed below the membrane to
facilitate the removal of heat to a heat sink 46 and thus
avold excessive self-heating. 1In this example, the

15 isolation layer 19 is provided outside the membrane 16.

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

20 any of these examples. '

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

25 drift region 20 suspended 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
membrane power devices and the LDMOSFET power devices shown
in Figures 23a to 23c is the use of a highly doped p-type

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

state resistance. Again, it will be appreciated that an



5 Figure 26a is a schematic perspective view of an exanple of a nenbrane
device in the formof a power diode. For a 600 V power diode, theMafihng
concentration of the n drift region 20 is in the range 3x1075 to 1016/ cnB

with a | 30 to 50m The thickness of the drift 0 may be
bet ween 0. (fgnh?zc?q‘g%m The doping of the drift region 20 %eégh?\@?z%e

constant and can vary fromthe source end to the drain end. For exanple,

at the source end the doping may be 83%015/cnB while increasing linearly
to 3x1016/cnB at the drain end. For sinplicity, only one cell 15 of the

di ode is sheyectAiic@ing 16Buihovsg IaReidraally aondvéPiverHy@r e t he power

di ode shown in Figure 26a in which an insulating |ayer 50 is forned
under neat h €32 Rf i9aposi&gdoRnobhanettamy urfasee 7a°ﬁ0'1"1%e éﬂlﬁéﬁ’r&i@t ri bution

of the poteatéalady RES tielBi Bxbfgr&i ft region 20 and therefore 20
I ncreases the breakdown ability of the diode. In addition, the insulating

| ayer 50 acts as a very good etch stop and hence it nmakes formation of the

menbr ane 16 easiﬁgg‘ﬁ'@) 262€11R Feggﬂgmé{fc _fb"e"ifsg\é/@itli@et PEeRONErflevice is

operational, a y thermally conducti've Dut electrically 1 nsulating 25
| ayer 45 (nexasplavof reamemipxianebdepiee cih direo form bick powex hbladenbr ane 16

of the devi | | Qur 6 i 45 f ormed
by sputteri %'g?o%h%q\ﬂe‘# rbdv:\“/ge%g dg?gdgégglggﬁoc}%ﬁ%s c-é;%ec gkg?ﬁiéo?a%ﬁéegglessi ng
steps in tHeifabréghin @0 dfs tihetheweangetzagrodt arb cia*ten® astBOadescri bed

above. WD 02/25700 PCT/ GB01/ 04211 -38 Fjqure 27a shows ichematical ly an
exanpl e of AenFRRPEND FEWSOME-0dERRNFRIFE iofeshg drift IR %20

| i B ) EORETm E  chTE D 7 e,
epi taxi al grewtibnor20 need not be constant and can vary from the source

end to the drain end. For example, at the socurce end the
doping may be 8x10*°/cm’® while increasing linearly to
3x10%*/cm® at the drain end. For simplicity, only one cell

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

20 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
help remove the heat while the power device is operational,
a highly thermally conductive but electrically insulating

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

30 described above.



preferably by inplant of one |ayer 101 into the other 102. For a 600 V
power di ode, the doping concentration of the two seniconducto;ﬁla'er%
101,102 forming the drift region 20 may be between 1016 and 5x10lt dhB

with ale h.of 30 to 10 40 m The thickness of the two m_conduct or
| ayers 18%%?7?05 between 0.1m and 20m If the top senf‘iﬁﬁm}g({“@rl | ayer

101 is forned by inplant, then the doping concentration of the top |ayer
101 will be higher than that of the haigtom sen conductor |ayer 102 and
hence, 15 in order to nmaintain spatial charge equilibriumwhile the drift

region 20 is deptghad ztﬂesh@w‘ékgeﬁéné’éicté%?.yt QR ka¥Rple 104 4 S preferably

| ess than that of the bottom l'ayer 102. gure 27b shows schenmatically an
SO ver si onmefb¥ane Ramar ddicdee whbhohrcomprisgsr @ draftwhegd®y 2h i nsul ating
| ayer 50 20¢) r I t h ridtssreaql 1 | tiona

hi ghly t herﬁ%ﬁé&)c n tﬁ:atqlq'\e/agé%%t EgPég??i%éalqiyﬁ%r%g&I gg’?éggfjéﬁ}ry }g&) not
shown) nay agpiartangadcmttinadly che omrtimpaed thef athekrt atEhede renoval of

heat, as. d ' r.evi . ' Lcally an

exanpl e i ggg%?eriebn@rlgonle%éyv\ée é?gﬁé&bﬁ;ﬁee%ﬁ%aﬁ{l%ﬁiaﬁﬂgg}%zf he 3D power

di ode i s coppeferably lsevienpdlantaofsoné Imyer adlorintdl@héléthesmored in the
X,z plane such th they form.transvers 30 junctions, i,n th di rection.
The wi dt hs gf’rtﬁegé:o n\?;go‘Y%frsa"fdflo?éﬁil PRAPT SN aﬁéoﬁe?geéhe 0. 2m and
5m which e@Brsseidéndustort | 1dfedet 10D, 062 t finind/ pheakri€80tégickii MAR 2005

WO 02/ 25700 PCT/ GB01/04211 -39, This ensuggf that the drift region 20
depl et es fagfeMaynbeihetween &t i SRE 1/8M nEL%E f rk8Rgtdh °&nd 0t Rerefore

behaves & myhapky tPnd el {Ukddby S BUE" thd MR URL®r 1ayers

101,102 is between 0.lpm and 20um. If the top
semiconductor layer 101 is formed by implant, then the
doping concentration of the top layer 101 will be higher
than that of the bottom semiconductor layer 102 and hence,

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

20 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
described previously.

25

Figure 28a shows schematically an example of a 3D

membrane power diode. The drift region of the 3D power
diode 1s comprised of several pairs of n,p regions 110,111
disposed in the x,2z plane such that they form transverse

30 Jjunctions in the z direction. The widths of these n,p
layers 110,111 may typically be between 0.2um and Spm,
which represents a small fraction of their typical length.



bl ocki ng node. For a 600V device, the length of the drift 5 rzgj ?ﬂﬁ{?ﬁg (in
the x direction) may be approximately 30 m The dopi ng of thée h'p rzé‘éi ons
110, 111 may be between 1015/cnB and 6x1016/cnB8. Preferably, the n,p

regi ons 13f dakskreear € formed by inplanting one |ayer (e.gpcpBpéydsiier) 110
into the other layer (e.g. a p layer) 14. Therefore, the Cllg lc’iopi“ng

concentration of the inplanted layer 110 is higher than that of the
background | ayer 111 and hence to mai 3®-n the charge equilibrium the
width of the inplanted layer 110 is preferably smaller than that of the
background Thierensibies Flgitr € hd8HrihovEegidiezat deplleyea Hikterwdm ant of the

15 exanple of Figure 28a. Again, in each_case,, an electrically insulating
but ther nal e c%)g%[fﬁ(f?tv’é’q 53’@1“ A8 the ok %jrﬁﬁ/ﬁ’r‘)loﬁaﬁ‘nGetBEE%E%%d to extract
heat. Fi gurpeR&ves oiwel ISR Gal it AneX@ MR rofinatibNgbfragd gate
menbrane 3D LDMOSFET. The devi ce enpl oys the concept descri bed above for

the 3D nenbPiPEciRAEIOR odd'a% as §8BYr 8evicaeihenilgRatdl pEgtheedmdfdn t he

source anrd ' i 1.6 .1 v, e bl ocki,n de, whereas in
the con uc?|é%qr'15hrmg"’yedntﬂfg4 }ehvey\@e dﬁ'geg}:smgﬁ)ar 4%%% @%ﬁ’\’f@ﬁf"f“gﬁﬁ ¥ o0 HOvOSFET
and the devihe dbpinguwR 388 .n,p getdoR®blshas mghdeabeestéy a SO

vari ant of 8 exanpl f. Regure 28a. . Agajn, .i.n each case, an electrically
i nsul ating Et /cf“hre?q‘r‘glé%}dc:log%ct i gﬁeﬁﬁ'ﬁ%ﬁﬁ’:? WS Ph&&ATORBYL Y Teposi t ed
to extract heatfodfledigy inBhrdiogs oneheapés Cad |g. am axagpke) of1@ doubl e

gate nenbrane 3D LDMOSFET._ The devi ce agal n enpl %S the concept described
above for tRBESD-Rerdrlse MR &-GdedtB DAYNRR H00s5 Therefrrsyothe

PCT/ GBOW/ 04 3épindOcshibdRtati HETOE Ringh 1M 46 belparen 16he s SRUGKE: and drain

than that of the background layer 111 and hence to maintain

the charge equilibrium, the width of the implanted layer

110 is preferably smaller than that of the background layer

111. Figure 28b shows schematically a SOI variant of the

15 example of Figure 28a. Again, in each case, an
electrically insulating but thermally conductive layer 45
(not shown) may be deposited to extract heat.

Figure 29a shows schematically an example of a single

20 gate membrane 3D LDMOSFET. The device employs the concept
described above for the 3D membrane power diode to support
a very high voltage between the source and drain terminals
while in the voltage blocking mode, whereas in the
conduction mode the device is similar to a comnventional

25 LDMOSFET and the device of Figure 23a. Figure 29b shows
schematically a SOI variant of the example of Figure 28a.
Again, in each case, an electrically insulating but

thermally conductive layer 45 (not shown) may be deposited
to extract heat.
30 '

Figure 30 shows schematically an example of a double
gate membrane 3D LDMOSFET. The device again employs the

concept described above for the 3D membrane power diode to



termnals. In the conduction node, the device is controlled via both the

n- channel and p-channel gates such that unipolar parallel cgpdwq%b&g
through the n and p 5 stripes can occur. Bipolar conduction can al S0t ake

pl ace by‘{,&bzzz%%oon of electrons into the p drift |ayer g‘gﬂ%ﬁ@%&ql es into

the n drif yer. Referring now to Figure 31, another e a 10
menbr ane power seni conductor device 10 according to the present invention
has a sem conductor substrate 11 and agqgthin layer 13 which conprises at
| east one sem conductor |layer 14 and has a top surface 15. The substrate

L1 has a_ Debbpsis W ALY 1A din9by LabdThdiifReiPihehabhos: Stid a5f Al [he 15

devi ce. During manufactudre, “a portion of the substrate 1 ow the thin
| ayer 13 i stexninals up ko thee cohdnct gremod®, theddeivheealsrenbrane 16 with a

top surface t S e \ t [ erm.nal |ayer
103 is att a%%gﬁ%&ﬁgﬁb%t ct):rlﬁ gérg%cce&%nfé;}hcﬁ ni’cgﬁgglégfmg?%eﬁ ;?&C%ZO

sem conduct that ayeipdiar Iparmlledf§ eonducteidmdhrenth shedn awd m nal | ayer 103
may be in the formof a metal | ayer _deposited fromthe back side of the
device 1 aFE’é?‘P?%ecarfre‘?ﬂ)cr%e %é&’ia?o?cﬁbcﬁmrfa%’i ﬁ@PeaEfsaeg%éecI@]@tC@ni ng. The
met al | ayer b¥OSnfeyt 1o el dleditrbhe IREPr e PEtiEn SHyéacandofl7 to the

mai n bottomsurface 12 of the device 10 and is preferably in contact with
an ext er nal Hgﬁ? g?ﬁ?.th?mp éigﬁt

ce@¥Bhpri ses at |east one further main
termnal 104 applied to the top surface 15, in contact with the

sem conductor |ayer 14 and preferably within the nenbrane 30 16, such that
in the on-state RefeERING NG FiovEevwetn anofdierisxamppet efmdnal 104 and

the mai iy POLEARLAAL haAkx 10chd dohdhidRskagty Abe Y10/ Addoralingnio PeRgends cul ar
p surface 15 and the menbrane bottom surface 17. The device 21
MAR 2005 WPrezenrs7bovedTiaBdia)4 semiconductor substrate 11 and a

thin layer 13 which comprises at least one semiconductor
layer 14 and has a top surface 15. The substrate 11 has a
bottom surface 12 that forms the main bottom surface of the

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

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

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

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

surface 15 and the membrane bottom surface 17. The device



-41 may have a control term nal 105 placed on the surface 15 to contro
the current between the main ternminals 103, 104. , The power devi cel 1R 280
contains a drift layer 20 placed inside the first thin layer 13, within
the sem conductor layer 14. 5 At least a portion of the drift |ayer 20 is
pl aced wi WP P25 nenbrane 16. The drift Iayer 20 suppoP¢HCBHPHigh

vol tages applied across the nmain termnals 103,104 whil st the power device
10 10 is off and bl ocks the voltage acrgss the main termnals 103 and 104.
During such operating node, the drift'#éyer 20 becones partially or
conpletely depleted of nobile carriers ang the equipotentjal lLines in a
cross- sect iMAY dAVe; Fe COBFIFRS terminal, 05 PLRCHT AR ¢ HR® (I 3cet?5 and

the 15 menyGie oMottt endtwadit thebahant talthinalé foa3rin0g di stri but ed
between the top end of the drift layer 20 and the bottomend of the drift

| ayer 20. TFHre mawsraldeyrcenaosapntatns a drdffetapart20iPiared Hngideo | ayer
13 results ik Gl ehily 3dgen! i; befnann e donstahfuctsr  shalicgeand the

br eakdown pert ornance. Iformdistribution o e potential Tines
i nsi de t Be &t iYeastegi @ortilont hé thebdmift 18yeysaPt $si placed|wikihdakdown

vol tage for | ven thi.ckness of the drift region 20. Because the 25
substrate 1Eﬁ?§g?éﬁﬁ) S Wrider part of the thin layer 13, there is no
substrate parasitic electrical and thermal resistance and isolation (not

shoun) 119 ot ek L5 ke, 5o Sibhoctl SIRTER VASHAIMR AR S
to hel p di satpess othefmdanttdrminalbel o®doranhilsegiche pobwep deviod er nal
heat stk (98" 15" ¥E) and b8GRS R Vo102 U2 The Rt EdMminA s

103 and 104. During such operating mode, the drift layer

20 becomes partially or completely depleted of mobile

carriers and the equipotential lines in a cross-section of

the device 10 are parallel with the top surface 15 and the

15 membrane bottom surface 17 and substantially uniformly
distributed between the top end of the drift layer 20 and

the bottom end of the drift layer 20.

The removal of the substrate 11 under part of the thin

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

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

30 conductive to help dissipation of heat from the membrane

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



Figure 32 shows schematically an exanple of a nenbrane power device to
according to the present invention in which dry back-side etchimqﬁm$mgsed
to produce the nenbrane 16. The walls of the remaining portions'o% the 5
substrate vertical as shown in Figure 32. Follow p he menbrane
fornation‘%éogﬁgm%tching, a termnal layer 103 is appliggwﬁh“ﬁ%éunenbrane
bottom surface 17 to formone of the main termnals of the device 10. As
previously explained the dry etch has ise advantage that the volume 10
occupi ed by the gap in the substrate 11 is no |onger dependent on the
thickness of theHg! 3l ¢ a hder hhexahERe O tHhe nenbrane 16 is
easier to control.” Figure §%%§hg§gea c#%gg&ggbtign ‘?et e device 10 shown
15 in Fi gurweemirane) nawer siemipkeel0aaceording tonthegbvasens bivertdodevi ce 10
Is placed oyfsi nqgﬁr_ 6 W t ctiv | is placed

wi thin the krr%ﬁ%gg%{er}% : é‘a%gg%me}ré\\g%f%‘% irsggllsgﬁ %868?:{538%%%}% power

devi ces to sepprass 14w efiteuwalbseak dohe rEmaimd ngdgerolonseoficnkiece 10 whil e

the 20 device_bl ocks the volta bet ween t he ,main ternipals, .The,

tor i nat BonSTRGFOES GE AR YRIEpALy M, Pt it FJebEEnsEne THILSRA% and
hence subst gRéi mémtyrdaite cEormeitiionobgudty ost cidiess aplceefinalt heyderiosnati on
region 106 durin n-statt§1 operation, To mlﬂ%%$e the on-state resjstance
and power 25%8| ed §othe ZRPE PAGEOR mMTHACe Wafer Lo i e Ot hin  as

possi bl e. HeueVRiin!eswbROId &F Rhghaevheeakgowmahreheoudeyi ce edge and
thus force actual breakdown to occur in the active region, the term nation

region 106 P¥pprined e tdry mtahihaRethe RAvVaniage &3a5n thenkohe®s ve regi on
18 15 Sl aelolodl B {He FRMDIAIGe] BubSOrAL W |13 ndf GLRGAP! Y the

termnation regifon 1 | es” out s e nenbrane 16 on a Tthicker |ayer
t han t he nedgpendent. orrhiche etimiginessnofothe nsubatiratex didpeadbenefits from

having a SUQiEEQESréltHng{-an&@ ik Welof08 16 is easier to control.

oD

Figure 33 shows a cross-section of the device 10 shown
15 in Figure 31. In this example, a termination region 106 of
the device 10 is placed outside the membrane 16 whilst the
active region 18 is placed within the membrane 16. The
termination region 106 is used in power devices to suppress
premature breakdown at the edge of the device 10 while the
20 device blocks the voltage between the main terminals. The
termination region 106 does not play an active role in the
on-state and hence substantially no current conduction
takes place in the termination region 106 during on-state
operation. To minimise the on-state reslstance and'power
25 losses, 1t 1s 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
active region, the termination region 106 1s preferred to
be thicker. For this reason, the active region 18 is
30 placed inside the membrane 16 region whilst preferably the
termination region 106 lies outside the membrane 16 on a
thicker layer than the membrane 16. The termination 106 in

this example benefits from having a substrate 11 underneath



WO 02/ 25700 PCT/ GB01/ 04211 -43 which facilitates the spreading of the
depletion region in a w der volune while the device 10 bl oc q%ﬂg?ﬂggh
voltage across the main termnals. The termination region 106 and the

substrate have a different doping than the drift r 20 placed
w thin thé%%g Ve region 18. In a preferred enbodi nent, fﬁghgﬁﬁgP‘ate 11 is

more lowy doped than the drift region 20. The term nation region 106 can
be in the formof highly doped floatingsti ngs (known per se) encircling
the active region 18 of the device 10 which 10 help to spread the depletion

region on auh&NHadi it dted Ree SUE Ay GACRNBALEDREELER YR ThaNi Ng 1N

the space between thema fractioh of the total vofltage, ereby reducing
the risk ofacdidepreriung ahddeakbovwievig 90 bdpgkaathenhignowitagef | oati ng

ring term nggl [ i el I h i.on
st oppers. %{:Jf‘%r]sna%e y,rPt € %ég?‘nghat%égt%@& g‘elqﬁﬁt gg&%\%% %En of
junction tethensubstrabd elsimay hdTe)a odifiedetitpldapdngt ehannte @xif20 Fi gure

34 shows _i n detai],.an examml.e. qf menbrane vertical power MOSFET
accor di ng t 03¥Hb %ﬂeékﬁﬁe4q*£§%}Poﬁh?nac Y?ﬂfqéi?nag?rvegPe@ion 18 cont ai ns
a drift regppafedbred embsdinthitt,i ¢heystyPeraeaigad 1w mbire LbRlyRIGYeane 16

wth a terpination region 106 placed outside the nenbrane region 25 16. in
this exanpl Ehapnhehe eﬁiﬁf#aﬁ Feglon Te® FerHRation r§@$@?a¥°‘%cﬁ?€’ent ric

floating hi gl Yndepedt or Yo¥e Hiighdy &6Fed afbai: frig &1 nBisgNiiome n-type
depl etion stogper rlng 108.. The power MOSFET has hl%gli doEe n-type
source 109 8Rd CBFAFAIIDD thyjastdveareghan | &F fhee deylRedlHWiHeB0

i nsul atifng haYer td2dpAls a0 detileea0h/ PBE Hn |Gy & %Qﬁerv"%é@ FlheAs a
control termnal. The source termnal 104~ i1s placed 6n the top surface 15
and t he draistrfacei nadchopair of rings withstanding in the space

between them a fraction of the total voltage, thereby

reducing the risk of edge premature breakdown. This

termination, known as floating ring termination, may

15 comprise field plates and channel/depletion stoppers.

Alternatively, the termination may be in the known form of

junction termination extension (JTE) or field plate

termination.

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

25 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.
The power MOSFET has highly doped n-type source 109 and
drain 122 regions, an insulated gate formed by an

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

is attached to the membrane bottom surface 17. The source



Is attached to the nmenbrane bottom surface 17. The source 21 MAR 2005 WO
02/ 25700 PCT/ GB01/ 04211 -44 terminal 104 contacts both the sdur &8s ii8gi on
109 and the p well 120. The drain term nal 103 contacts the highly doped

n-type drgj l.on 122. The operation of the MOSFET in - st ate
relies on%‘ﬁg{/%géormtion of an inversion layer 5 at the sﬂéﬁgg@%g?‘ﬁt he

well 120 when a gate voltage is applied to the control termnal 105. In
this node, electrons are transported-ffomthe source region 109 via the
said inversion layer fornmed in the p well 120 through the drift region 20
to the draitemdgiadn 1022coTbaatsibotde the ehuroe-seaten rldd amdnthe pt is

preferred that,t dri | O | LN ' r Lghly
doped corrpa"?egld1 t}g 't hghéugé?rggtge%%ﬂa&r}!a%gc?ﬂgaé %?%4%$4ei?éh§vﬁe§°§é%i gh

vol t age i s mpppedradnosegtibe batn tEreriopelratiof, ¢D4the MOSFEM fin regi on 20
is conpletely depleted of .npbile carriers an pports the.largest
fraction oft1¥?1e°r€cﬁ%[a eJ:'leri"lfaﬁeonaC"ﬁvf rg}aéégnTﬁg %’gt:g%ﬁ%iq | %@ge?n t he
drift regi ofit 2fhe &uwrfadtealdfelthkoptiel)l Qroswheace datanebltmyendmbr ane bottom
surface 17 and jdeally uniformy distrihuted inside rift layer 20. In

| h
t he termi natP ?ded?%r\:hfoé’,°ntt58¥2?)e’éf%’;ﬂaé't i%’ﬁwe&?‘oﬁh%%gm 'e roomto spread

i nside the eSdbetdrd Qurkl trah@pbebYedVeidh theC lsRdcaIre§iMot &Y hala | i nes  and
premat ure breakdown at the edge of the drift region._ _The substrate 11 nay

be nore | owkpedeptdl inwaralen saverckornad tife ther @i Walt of? dgiti¥aho6 and the
drift regi opyg0srife 2%;?1*&9'2‘6_ RS PRE e 1Aty ddfi®ne 108 . SUBS t@itindldey NO

on-state current conduction in the termnation region 106 and therefore
the thi g0 abberensstaks yresdabangspedit sipprefierred thabsthetdpkftect

adver sel y t BEq00; o3 £ "eidh:0 LAC 8 3RE1HORP ndi¥ AYh19Idbbbe PRy | OSses
as woul d have~beéeen

to the substrate 11. During the off-state, when a high
voltage i1s applied across the main terminals 103,104, the
drift region 20 is completely depleted of mobile carriers

15 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 membrane bottom
surface 17 and ideally uniformly distributed inside the
drift layer 20. 1In the termination region 106, the

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

25 should be noted that there is substantially no on-state
current conduction in the termination reglon 106 and
therefore the thick and relatively lowly doped substrate 11'
does not affect adversely the on-state resistance and does
not add additional power losses as would have been

30 otherwise expected 1f 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

shown in two dimensions in Figure 34.



30 otherw se expected if the substrate 11 had been present under the
menbrane 16. It will be understood that for sinplicity, the intefalid
structure of the MOSFET is only shown in two dinmensions in Figure 34. WO

02/ 25700 R§g o534/ 04211 -45 Figure 35 shows a schenaticp(pgéﬁ(g%ghhve Vi ew
of a 3D nenbrane power device 10 with a term nal 103 placed on the bottom
17 of the nmembrane 16. The drift regiopc.of the 3D 5 nenbrane power device
is conprised of several pairs of n, p "Fegions 110,111 disposed in the x,z
pl ane such that they formtransverse junctions in the z direction. If the
regions 110,111 gre thipney in the_ z direction than in the _y direction,
the drift regi oﬁlﬁﬁraeaﬁef‘é@”? a?st%hqnﬁttiﬁepﬁriﬁe?l}r WY ofaR AR the v

di recti on wegibrani gbwéel 8agecé S1o adth adraendss] ties Fidedaobhophter m nal
103 and a top main_term nal (not shown) gl aced on the top surface 15. This
ensures hi PRy ddk @EWEBELTETRIARM F & -halfhener Bt cFRIEIN Qf §8& 8Pe parall el

to the top ReR bowdRddbhecdofd UBmbr izl 88Csdverdd tpal by
uni formy distribut %d acr oss cthe drift J'r eqi on.SFi%ures%l%??g %Gcbshow

schemat i cal ¥8gdanseldfpld loAlgposed high tire KaBr Ptane ngueh deatc&hey accor di ng
to the preSﬁB&T 2ol W%%boguné\ﬁi&%ﬁ ?ir?)@{@!zedéEgégigﬁp | Py qpel3 conprises a
or 1 r Ich is ed a

sem conduct ayer und provid urred 1nsulating oxide
| ayer 50 urmcegiaud Q10,91dr evedebinmer igulkdier at ditectienitthamhenexhepl es

descri bed aboye g]‘ r... exanple.wt feren iL.g s
sem conduct r(¥ sta‘x?snt’r)a‘(:?‘g f%%%l%%é’fecﬁ% Zﬁuﬁﬁggg}:géu?é‘%%% Jf&ar}glre 50 is
partial by reéeioseddy dimakis dheeycdirestidoh whiea buhigh voltsageatiisng | ayer 50
acting as an ejgch-stop to formthe_ nenbrane 16 sho in Figure 36a. In
Chi s exanp EPPLEEE (AAHASR £48 REER ghe EER 1) S AR o 0P oS0 = (RE Brbd

terminal (not shown) placed on the top surface 15. This

ensures higher breakdown ability and that the potential

lines are parallel to the top surface 15 and the bottom

15 surface 17 and substantially uniformly distributed across

the drift region.

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

method of fabricating a device 10 according to the present

20 invention. 1In 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
substrate 11. As in the examples described above (for
example with reference to Figure 9), the semiconductor

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

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

provides the bottom surface 17 of the membrane 16. This



30 insulating |ayer '50 bel ow the nmenbrane portion of the sem conductor

| ayer 14 is also then renmoved so that the exposed bottom surfAceiidhe
sem conductor |ayer 14 provides the bottom surface 17 of the nmenbrane 16.
This 21 855853000 02/ 25700 PCT/ GBOL/ 04211 -46 removal phrbB6ds, ed
insulating layer 50 in the region of the nenbrane 16 allows a term nal

| ayer 103 to be deposited on the back-side of the device. As shown, in
this exanple, the bottomterm nal | ayes-103 extends over the whole of the
5 bottom surface 17 of the nenbrane 16 and down the inwardly facing
sihdewalbl S afdindviadero £t Imebahwausméﬂmh n@f ﬁhfkér selnala:'u Nt g ﬂeggomoFEi ons of
the substrate 11. Figures 37.to 40 show schematically exanp] es a 10
menbr ane povif MR eléG\APZLFP‘é(Bt%r‘?ﬁ naji iégﬁEdl?% Y%é%ﬁi‘?ﬂ%ﬁ'@eﬂottom
surface in g dfd eAALeddel bEUthe CONAI) NAs ERVWHO! 12061 H\Wpak , devi ces
and circuits and other power devices. 15 Figure 37 shows for exanple four

menbrane povie bardAmederadarRlf daveri P i AdeNert eheni wrele W% Fheour mai n
termnal g 19ck &l de0 1B £0BhE A i 16°HRBAHGwn K frRiMzdTT) N
termnals 104 placed on the top of the nenbrane. | ndependent control

term nal s 108cinm dlslawsdd & @ndonnder e thedtopesurfanesfofddte i ndi vi dual
power devic The. Iy rane 16 are isol ated
from each ggrﬁaﬂ%{rﬁ)ﬁ’\éﬁé& pgg&lgﬁgoeka%é’ %fg-’%tgeﬂ

er n-layers as described in previous
exanpl es. 25 Figure 38a shows a schematic cross-section of a power

I ntegrated circwigdfesys Tt @t ahoe scisemeanivadly paampledesrice 10 wth a
main termnal 103 applied (o the _botto surface.and. |l o ower_.CMOS and

bi pol ar evle r%ﬁ?rééﬂﬁﬁi&?ﬁEQﬁ 38 V%Egh%ﬁﬁFaﬁ@afﬁ?gﬁffﬁ%ﬁaf?V%H@z t he CMOS
and membrane bottom surface in an integrated circuilt containing

low voltage/low power devices and circults and other power

devices.

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

20 the operation of each individual power device. The power
devices placed on the membrane 16 are isolated from each

other through isolation layers 19 as described in previous
examples,

25 Figure 38a shows a schematic cross-section of a power
integrated circuit 40 which contains one wmembrane power
device 10 with a main terminal 103 applied to the bottom
surface and low power CMOS and bipolar devices 41 placed
outside the membrane 16. Alternmatively, the CMOS and

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

extend under the low power devices and circuits. The



in Figure 38b or on a separate nenbrane 16 forned over the sane
substrate 11 as shown in Figure 38c. Preferably the bottomtermnal 103

does not yexbHRRGeuUnder the | ow power devices and circuitserdBfogks VAR 2005
WO 02/ 25700 PCT/ GB01/ 04211 -47 exanple of Figure 38d differs fromthat of

Figure 38c in that the isolation |layers 19 are placed outside the
menbranes 16. 5 The structures shown séfematically in Figures 39a to 39d
are SO corespondents to those shown in Figures 38a to 38d. In these
exanpl es, tdmampleubdt Faguray28d S fifenss Edonsthatn of it 38¢ tormt he

menbrane 16, The.insul ating |ayer | so s] I ndi vi dual
devi ces pl gc ehf‘ﬁo%‘:?ﬁ% ?%Y?‘st g&e%r%p?géﬁét%@:és%%sgrh%t e 11. Figures
40a to 40d mEnbxanelzendt.i cal |y possible ways to integrate nore than one
menbr ane power device with independent main bottomtermnals 103 in the
sane power 15 integrated circuil 40. In the exanple of Figure 40a, two
power devices 1 %aﬁ&rPGEuESEhSH%W?rﬁf@f“5§§ﬁ§§€Yvﬁnb%iq f&en SPer ni nal

103a, 103b aigy iddee Woat edreBpbhgesederdRINYs@NBhowR - 1h NFid\ereéax3wal eoof Figure

40b, an insulating layer 50 is used to formthe nmenbrane 16 and help

i sol ati on 038®0 iTHitHekfareXavpieds e HIFWAEIBgWeRY Rt 2Yrid &Fed ABui t 40.

The exanpl e,pf ol WIRHA S FothetfiefnamMidal 10 Fraer end@bati tlla%tert he

outer isolation layers 19 are placed outside the nenbrane 16. The inner

i sol ation | 5§ e2l9® heipshdo dsgrpte brdivigved devigprchlaepdrwltddnt he first

power Zaodegﬁgetﬁ{Kif the £SeHOPHe P tégﬁg Gg lob remains within the
SO'S 0 |

menbrané 16 as a own 1’ n the exanple gure 40b. In the exanple of
Fi gure 40d, the nenbrane power devices

Figures 40a to 40d show schematically possible ways to

integrate more than one membrane power device with

30 bi pol ar devices 41 can also be placed within the nenbrane 16 Z?i%&ﬁ@@

independent main bottom terminals 103 in the same power

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

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

25 device 10a from the second power device 10b remains within
the membrane 16 as also shown in the example of Figure 40b.
In the example of Figure 40d, the membrane power devices
10a,10b having independent bottom terminals 103a,103b
respectively are placed on different membranes 1l6a,16b

30 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



10a, 10b havi ng i ndependent bottom term nals 103a, 103b respectively are
pl aced on different nenbranes 16a, 16b 30 respectively forned @\f@r‘.t‘[\m
same original substrate 11. To isolate the menbrane power devictes Yr'om

each ot heryo@nsély ther menbrane 16¢ which may contain ongeq hbQn | ayer
WO 02/ 2570 PéT/ GB01/ 04211 -48 19 is formed above the OFIF%T/%g{]ﬁ%l&J strate 11

and pl aced between the adjacent nenbrane power devices 10a, 10b. Figures
4la to 41c show in nore detail exanple$8of a 5 menbrane vertical power

MOSFET. Figure 4la shows a nenbrane vertical power MOSFET according to an
enmbodi ment 1%fist ferpedsahove ntkntdriginsilngubskratr il EBMISplacadol ogy. The

power MOSFETL hi.ghl - 0 1 aisn.122 regions, an
i nsul at ed gEbaet & %’gg éi‘ﬁgg&gbq‘u‘én‘&s%%é% #gﬁggyg‘%’% a"‘ﬁ{(?'g'rbgdl ysi | i con/ net al
| ayer 105 which acts as a control termnal. The source termnal 104 is

pl aced on the t@lgawrebaetalboastc tdidpwdiial motrerdetall l&thmplesaioifaahed to the

menbr ane_bot t msurfacg 17. The source term nal %94 S’(.)Hnt acts both the
source r&gi' CANGTERE2) BSVEE MOSFRT . TRAIHFS: H13 FHRYWRI? 103 contacts

the highly figatine) vietee cdlapbwé e MEBFEI? Accdiaing et at dorentfodif@nbOSFET in
the on-state_relies on thg forggtion of an inversion |layer at the surface

of the p wePf W) BASSSRE JRVENLLPR Jytlng the, SRPWR BHOE HeeEHALOGY -t er ni nal

105. I'n thisndmeifer? ModiFeat ha8Shagely '@peonlegpkr souibe BEHIGR M egi on 109
via the said inversion |layer formmed in"the p well 120 through the drift

regi on 20 t@éralke 2ainedegisonan2insyiatiady gase fermedthy eanwhen a high

vol t age 4i,S 1 ad I | t 1nal , rddf t region 20
S conpllgt e%%%éﬁ&%%?‘%%%?ea c%lﬂ%?g%gégagéggo}%& Fljledglc ar gest
fraction ofwhhehadttsages ian qombradt tewninada. The pouwaei berminales.Oidn the
drift regi OEszglgéeed R El'.ll'leatoboshgfaégpls and the drain terminal 103

is attached to the membrane bottom surface 17. The source
terminal 104 contacts both the source region 109 and the p

15 well 120. The drain terminal 103 contacts the highly doped
n-type drain region 122. The operation of the MOSFET in
the on-state relies on the formation of an inversion layer
at the surface of the p well 120 when a gate voltage is
applied on the control terminal 105. In this mode,

20 electrons are transported from the source region 109 via
the saild inversion layer formed in the p well 120 through
the drift region 20 to the drain region 122. During the
off-state, when a high voltage is applied across the main
terminals 103,104, the drift region 20 is completely

25 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
uniformly distributed inside the drift layer 20. The

30 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



surface 16 and the nmenbrane bottom surface 17 and ideally wuniformy
distributed inside the drift |layer 20. The 30 hi ghly doped n- typ?\ L@fn

| ayer 122 may be a buried layer formed prior to the back-sidé b

defines the nenbrane 16. In this way, the n-type layer 122 nay be used as
an indirect neans to stop the back-etch using a known 21 MAR 2005 - 49

el ectrocheni cal technique. To facilitaf®® the electrochenical etch, the
substrate 11 may be of p-type doping to forma junction with the sai d
n-type Iaf@@QEEPCh?mWﬁ?%%am&H%QHeFHdﬁ?éaﬁmikﬁﬁqQﬂ%hqron1the exanpl e of

E'aglli(rag g}%bﬁ%rﬁ(@}b%ﬂ(}&j—% %H%Epom ti on a er %%I’ ane %6@-58 ¥g$?TEgy

The drai n dagrimignado ¥ =2 appldteicbn awvidie trmt:ﬂaama ot yoen sawdack s after
the 10 nmenbrane 16 is fornmed and the n-type drain |layer 122 is introduced

in the nenbrane 16 fromthe back-side of the device. Figure 41c shows an
exanpl € of a e ETETRYS | Ual F LIS SR MRS o6 dF gy %araml%rf%m nent
of the presg | ventd onaisi fige th2Reh, L&D 00 nd Ner $1 14 ULE Figure
41c dlffersgﬁ%%%1that shown in Figure 41b in the'§%y the ins ate gate is
formed at ishefawpediby heaskedcowrislanket thacktside weposiFigurafude, the

I nver si on Ia er_i.n the 0, 20_1 ve tlcaII subst lally
per pendi cur’t ‘?dﬁ??eneto %%r#%ﬁ%?%Snagh 'é§?+%c? l%%i fﬁ% Bddvant age of
enhanced Ca{mﬂ_nﬂéd dedstiy mebborhghesopeski NgrBeasi 1. aFtgdregse42a to 42c

show in detail exanples of,vertical 25 Insulated Gate Bi polar Transistors
(1 GBT) 1 fre i EkieanR) Hevieweed i Bhe i pYRe SbntictRper Wwi2Ri BSt he drift

region 20;suspandes £ {HE NERDLANE 16 FSof"PhOYEL-RNG: M0 P the

device.

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

enhanced channel density and higher packing density.

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

25 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 MOSFETSs
shown in Figures 4la to 41c. The main difference in the

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

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



generally correspond to the nenbrane vertical power MOSFETs shzwg ,{gnpw
Figures 4l1a to 41c. The main difference in the 30 IGBTs is the ts RH TR

hi ghly doped p-type hole injector anode |layer 123 in contact with the

anode terRy@adnasied3- Bipolar conduction of the current i ially
perpendi cular to the top surface 15 and is characteri sedﬁ%fllagiltc’)(ﬁgltdctivi ty

modul ation in the drift |layer 20 to reduce the 35 on-state voltage drop
across the drift layer 20. The 21 MAR-3065 WO 02/25700 PCT/ GB01/ 04211 -50
n-type buffer layer 122 and the p-type anode |layer 123 nay be forned prior
to the forruthyme dufifier Aayerahe? 1mhdhes polPEnamdderkayeXs 183 mkver t he

formation t 6 i leg | gur 2c shows a
trench 5 vgéef ant o kll:ée}'%‘r%et rgﬁg f%sihoglmﬁki Ehéi é%‘?%r%%%ﬁ?% Fi gure 42a,
t he anode |slymm 128 Fhgpree 42aedrdafieet Ibheoformatiorcof ytives membetank- st op to

formthe nmepprane.16.  Figune 43a and show exanples of .a power integrated
10 circuit n‘_’fsaisr%llogﬁl t"\ﬁow\}gﬁFc?ﬁb pomgé?ggga‘g? 1%bt{§1°ﬁ§ trench

t echnol ogy wauh sits peddd aendepAe aleGeTHowaNds Figard6i2b) n dvhe exanpl e of
Figure 43a,_the devices_10a, 10b . feature indg}pendeat termi_nals and are

i sol ated froHFEERF2%0t (il @RogdRghaYeke Tk T D6 HRrE diFerte ®c and an 15

i sol ation | gy@lrdé&1yThes tdif R ciEEEpNeS ffian Lol derbaage f@rmed in the same
step and in this exanple by use of a back-side dry etch which results in

vertical walls for the remaining |leg portions of the substrate 11 which,
as previously dBIHDHAR2 A0E RIFRAY BRI §5 0505t BPWRRgLBESIF & er

control 1§f LIRS BBy 290 jv@%@ﬂéeﬁ | et MRsERTsNYERE o fudlely ces
wi thin the sane chip. The eXanple o Figure 43b is a SO variant of the
exanpl e of Frguek usghnolpgy jandl suspenfey con EeHarate wewhsanes pl aced

out si de thelsa,16b. In the example of Figure 43a, the devices 10a,10b
feature independent terminals and are isolated from each
other through the use of a third membrane 1léc and an
15 isolation layer 19. The three membranes lé6a,1l6b,1l6c are
formed in the same step and in this example by use of a
back-side dry etch which results in vertical walls for the
remaining leg portions of the substrate 11 which, as
'previously described, are advantageous for obtaining a
20 better control of the membrane area and integrating a large
number of devices within the same chip. The example of
Figure 43b is a SOI variant of the example of Figure 43a.
The isolation layer 19 in this case is placed outside the
membranes 1l6a and 16b and together with the buried
25 dielectric layer 50 ensures an effective isolation of the
two power devices 10a,10b from each other. The examples in
Figures 43a and 43b show two membrane power MOSFETS
integrated in the same chip, but any other membrane power
devices can be used in a similér way and isolated from each

30 other as shown in this figure.

Although the above examples refer primarily to

gsilicon, the power membrane devices of the present



menbranes 16a and 16b and together with the buried 25 dielectric layer 50
ensures an effective isolation of the two power devices 10a,10b2ﬁqqmﬁéhch
ot her. The exanples in Figures 43a and 43b show two nmenbrane power MOSFETs

i nt egr at edypgyAdip sane chip, but any other nenmbrane powepere@yifea can be
used in a simlar way and isolated fromeach 30 other as sﬁomn In this

figure. Al though the above exanpl es rq% r primarily to silicon, the power
menbrane devices of the present 21 MAR™Z005 WO 02/25700 PCT/ GB01/04211 -51
i nvention can be Jbuilt on oiher sem cqnductors uch as for . exanple

11+ con car BERRCQC e B BRELE RS Som L PRERECRTy . \Wieh 85 3B 5 The
drift regi oéx@fplardildfconheatbiaé ($ia | Rdekmohd, GaRspezamaax @thetrde band
gap materials, such as dianmond, GaAs, GaN and Si C or can be nade of

het er oj unct FhheV RSP EE18caN and Al GaN combi nations or ot her suitable
materials. 10 The insulating |layer 50 is described primarily with

reference to silicon dioxide but other insulating or sem- insulating
material §, such Be dEdinFegirnr pRcPRFt brifienfdrshsthbinnlavemd3and oxi de,

can be usedgadSpdhigadieds Sisdle banargdp mﬂ%mdgugfl gk 28Pdibng 2l uni ni um

nitride, boron nitride or other matérials wth 'good electrically
i nsul ati ng fabper®alesanth@ifl gr crar hal mademfudetereyunobicemsusta®sl es of

e s oy o Py Ot DB ARR R s0A or WORANGUITARI G BB PN, Conerally.

in a lateral "device, rane Ickness 1n range
0.1mto 104mor 20mor so. Cenerally, in a vertical device, the nenbrane

16 may fhave a thigkngss.ddb4fiP 11908°56M 8 adfiBAa [2:100m 2 JAGI or 180m
reference to silicon dioxide but other insulating or semi-
insulating materials, such as diamond, nitride or

combinations of nitride and oxide, can be used.

15 The heat sink layer 45 can be made of diamond,
aluminium nitride, boron nitride or other materials with
good electrically insulating properties and high thermal
conductivity. '

20 Some examples of the thickness of the membrane 16 have

already been given above. Generally, in a lateral device,
the membrane 16 may have a thickness in the range 0.lum to
10um or 20um or so. Generally, in a vertical device, the
membrane 16 may have a thickness in the range 6um or 1l0pm

25- to 60um or 100pm or 180um oOr sO.

Embodiments of the present invention have been
described with particular reference to the examples
illustrated. However, it will belappreciated that

30 variations and modifications may be made to the examples

described within the scope of the present invention.



Enbodi nents of the present invention have been described with particul ar
reference to the exanples illustrated. However, it wll. be appj écohmt6d
that 30 variations and nodifications may be made to the exanples described
within the scope of the present .invention. - 52 CLAIMS 1. A power

sem conduct or device having an active r%gi on that includes a drift region,
at least a portion of the 5 drift regi bei ng provided in a nenbrane
havi ng opposed top and bottom surfaces, the top surface of the nenbrane
having el ectrical terminals connecte®dii™M&tly or indirectly thereto to
allow a voltage to be applied laterally across the drift region, the
bottom surface of 10 the nenbrane not having a sem conductor substrate

posi ti oned -adj dcamwahesaniczorRiudt gowkevismriltnthg tam  aleviee teyiowy an

active regi,on that includes, a drift reqi,0 rovided in a layer, the |ayer
15 bei ng g%a\% cfébcalblhdeas saerf?{:]oﬂﬁ&‘?%]ro%'u%ﬁ ;Ha‘%)aeSta? PREstoR ‘_’%o‘?#‘? on of the
sem comnslucdOrf ts uksd 161 %@ﬂﬁ#’%:@évid@&ti@ a REEhb LnOThdhendrébpos&gi on being
renoved such that said at east a portion of the drift region is provided

in a nmentieharfefReldeP®ysuhbacer tikm I tsierfagerobetooy wembren® t he
sem condul e el dALR: U25 AR LOMDVEGnd iEed OB rSULT §CE, Of Lhe membrane
I cte iTec e

havi ng el ectric termnals conne y or 1 ndi cjfly thereto to

al | ow a vairnaigeectly beheppt o edo | @ bowl & ywaltags tdeberappliegqi on. 25 3. A
MOS- cont r o] | abl ﬁower sem condyctor devjce for use in an integrated
circuit, t t%’é‘%’r % FEAHY T ltihe TEIRn thacPPREPHIRLrEaGR i $E regi on,

at |east acpordé@brdie AbE Wivihg'£0keR: BShAG-PsPVEGEE 1aca menmbrane having
opposed top and bottom surfaces, at |east one electrical 30 term nal

connect ed pP8eivgedradnacerecttyeretehe top

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

to be applied laterally across the drift region.

25 3. A MOS-controllable power 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

30 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,



surface and at |east one electrical termnal connected directhy Tc,)( A0
indirectly to the bottomsurface to allow a voltage to be app#?ed”““o
vertically across the drift region, - 53 the bottom surface of the
menbrane not having a sem conductor substrate positioned adjacent thereto.
4. A MOS-control | abl e power sem conducgﬁr device for use 5 in an
integrated circuit, the device having active region that includes a

drift region provided in a |layer, the |ayer being provided on a
sem condudtr P st fage feddie agmhmans nsit sy inghizonduct or substrate

bel ow at - JefslorRtidil Qualcddies QUddile AP PRING ! QA SuCh that 10

said at |least a portion of the drift region is provid a nenbrane
defined by that portion of the |ayer below which the sem conduct or

substrate has he enmoved,. a at least one electrical term nal connected
directly ot i n%\ ?@éjﬁ?r}t&'d%%«?@%{%&%ﬁ HEGPUCTRLTHIRE ¥ tHe 2 al

termnad 1% eonnetiefrtid®cdideit | "did efddded hddendodd osid ace to
allow a voltage to be applied vertically across the drift region. 5 A
devi ce acdRHiNY G tanynefudesiadni fto 2egigrerryovided ot ya peayens the

drift regi [ ' [ e e, 6. Vi C cording to any of
clains 1 J%ﬁhPimﬁéfé#%ﬁg%H%?%$ES%§Z) E%L§%ﬁ%?4%#§§ﬁ%ﬁi%ﬁ?%ﬁ%ﬁ%%édaEn t he
menbr ane. 12mst A mhent ioen asft arted Ngeriicadudior | Mubst dat® WelE@ng@E i Si ng at
| east one jsolation |ayer surrounding the drift region. 8. A device

accor di ng 1 & MOELIRRRF FhhLE Y rgion ke ing| 2R TSved 5¢h i §hafk ovi ded
in saith MYEIANG: Weddt an JEbSERHM A vRIMiANE: 1 gxieNds %9&{@@&&9

surface of the nenbrane to the bottom surface of”the nenbrane. 21 MAR 2005
WO 02/ 25700 =W 1ERT /dbiried 54y that portion of the layer below which

the semiconductor substrate has been removed, and at least
one electrical terminal connected directly or indirectly to
the top surface and at least one electrical terminal

15 connected directly or indirectly to the bottom surface to

allow a voltage to be applied vertically across the drift

region.

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

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

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

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

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

at least one isolation layer surrounding the drift region.

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

membrane to the bottom surface of the membrane.



9. A device according to any of clains 1 to 8, conprising at |east one
i solation layer surrounding the drift region and provided outpi q@ptiitg
menbrane. 5 10. A device according to any of claims 7 to 9, wherein the or
at | east qfgodZAoati on | ayer is provided by electricallychBgslodtiing
material. 11. A device according to any of clainms 7 to 10, wherein 10 the
or at least one isolation layer is progpded by a highly doped sem conductor
| ayer which in use is biased to provide a junction that is reverse-biased
or biased | owgpt r =T . a5 | Qe to any
of clains li'v'a'to ﬁ%i@g%fé@ %gégﬁg%ﬁioeﬁﬁﬁ% i ﬁf]j: %%gjl'%ﬁ\sitjec\c?nggaggﬁ??g%a power
devi ce hawtngeastr ohe deglabhioan lawest surpoundirg dthevdirdifti zegponvi ded on
sai d nenbr I S 0 13. A device according to any
i Vrs¥igRe" SRRpTHE, ERE NidHiEane"

of clains rirsing at |east one | ow voltage devi ce.
14. A device according to claim13, wherein said at |east one |ow voltage

device is provided in said nengbrane. 25 15. devi according,to claim13,
wherein Lss’ai ‘at% ggglriceo §CP5§F§%E%9¥‘Yd83i ggaf‘tgs pfgsﬁ ed wg\‘ffgiiﬂe sai d
menbrane. lfhe Adrdati deastcondi hgolatidmilayer, ishprevidenilyy at | east 30 one

| ow vol t age devi ge | roovided.in a further nmenbrane. WO 02/ 25700
PCT/ CBO1/ 0asherttiselly iRsb‘Sr\?‘fQ'éﬁga’E%‘iﬁ’ﬁi to any of claims 12 to 16,

conprising at |east one isolation |ayer, said isolation |ayer providing
el ectrical isolation between adjacent devices. 5 18. A device according to
claim 17, whkr eith davd cgniagcorddpdt torrmarsy claippadeke ol a Whemedsr

Menbrangqy 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-blas level.

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

provided on said membrane or on a separate membxrane,

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

further comprising at least one low voltage device.

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

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

one low voltage device is provided outside said membrane.

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

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



19, A device according to claim1 or claim2 or any claim 10 when
dependent thereon, conprising an electrically insulating and th q%
conductive |l ayer adjacent the bottom surface of the nmenbrane. w ’déV|ce

accordi ng w@ oghs¥pgn 1 or claim2 or any claim 15 when depg%gﬂoéﬂer eon,
wherein the nmenbrane conprises a sem conductor |ayer provi on an

electrically insulating layer. 21. A.dguice according to claiml or claim
2 or any claim 20 when dependent thereon, conprising a nechanically strong

and el ectrigal | ya iusmlcy 'a%olraiﬁg %%ﬁ%ﬁt Widemst 02 cHBfPrane. 22. A
devi ce according to any of clai 21, wherein 25 the drift region has

a non- uni f ofPHRIGHT Y Atoflidast oge I@Qﬁﬂﬁhﬂ@ ééwérdlﬁgl@oia¢kﬂbﬁQZQ wher ei n
the doping ;£p0f SR %ercrh.@igaiffsalg@i%a BbeRelhhaygldpoe  term nal
Vi t

si de of the e 1S relrative rgh an opI ng oncentratlon of
the drift régvbrest a Iom1vo|tage termnal side of the device is
relatlvely |l ow. 21 MAR 2005 WD 02/ 25700 PCT/GBOl/04211 -56 24. A device

accordin cI 2 or clai ein_.the do oncentration of the
Tt rogi oRBoarh A, diRrding, 18 S Sl a7 VBB ERE BN ot ho
other. 5 2513&&\&%:@&@@9% pd.atedconi an furdhedd &ulembi‘aﬁé any claim when
dependent thereon, wherein the drift region conprises at |east two

sem conductor |ayers of alternating conductivity type arranged one above

the other amg,ina &@M@@tadudﬂaiagcbooébﬂm 1&rR&1aAmdeVbeeanf i1y to any
of clainms 1 to 24, wherein the drift region conprises a_plurality of
| at eral 3 when dependent thereon, comprising an electrically

~insulating and thermally conductive layer adjacent the

bottom surface of the membrane.

20. A device according to claim 1 or claim 2 or any claim
15 when dependent thereon, wherein the membrane comprises a

semiconductor layer provided on an electrically insulating
layer.

21. A device according to claim 1 or claim 2 or any claim
20 when dependent thereon, comprising a mechanically strong

and electrically insulating layer provided under the
membrane. '

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

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

23. A device according to claim 22, wherein the doping
concentration of the drift region at a high voltage
terminal side of the device 1s relatively high and the

30 doping concentration of the drift region at a low voltage

terminal side of the device is relatively low.



adj acent sem conductor regions of alternating conductivity type. 15 20 27.
A device according to any of clains | to 24, wherein the drif?3rﬁgiﬁq
conprises a plurality of laterally adjacent sem conductor cel fs '& A

al ternati ngooonéhsetivity type arrayed around the plane QETkﬂﬁuﬂEﬂjce' 28.
A device according to any of clainms 1 to 27, conprising a termnation
regi on adjacent to and in contact wth the drift region, said term nation
region being provided to reduce the eftS&ct of premature breakdown at the
25 edge of the drift region. 30 29. A device according to claim 28, wherein
at | east a 2gortBhodeviceé hecomtdinoetn ndaimn22 egt arldism Rl3gcetlerasnde t he

menbrane. 3 A.device accordi to clajm28, .wherein at l.east a portion
of the said grﬁ?ﬁépgoﬁo?iﬁﬁEﬁégﬁ?nppgcgheo%?%#%éreQ#ﬂP|¥§ﬁﬂFﬁne. 21 MAR 2005
- 57 31. Aldeéactyateomdong siieaaf Qheclalfit 2égicn b tMecbehBr.the drift

region is nore highly doped than at |least a portion of ‘the term nation
region. 5 32. A device according to any of clains 28 to 31, wherein the

drift regsonpg s moaevic@hhycepPatl tharibhf 1S6A1 €DM0WGE Qr SMPstialg. 10 33.
A nmethod of form ng a_lateral power sem conductor device haV|ng an active
8

regi on that WAt dgesngenki Fherectyi giverens keehdultbrmaiamsompeisesps of
formng, in g haugt BLBYEERICOMNAH™MEYRHECLE alternating

conductivity type arranged one above the other and in
contact with each other.
10

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

15
27. A device according to any of claims 1 to 24, wherein
the drift region comprises a pluralitf of laterally
adjacent semiconductor cells of alternating conductivity
type arrayed around the plane of the device.

20
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 of premature breakdown at the

25 edge of the drift regiom.

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

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

portion of the said termination region is placed outside
the membrane.



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

sem conductor substrate below at |east a portion of the drift degigniiguch
that said at |least a portion of the drift region is provided in a nmenbrane
defined by that portion of the Iayer_237bqlom1mhich t he sem conduct or
substrate has been renpved-; and, provi‘ding electrical contacts on only
one surface of the power sem conductor device. 25 34. A nmethod according
to claim33, wherein said at |east a portion of the sem conductor

substrate 31 r aMaNeA dY ARlor BN -ardp .o A TR ALGY HNg i@ m 33,

wherein said at least 30 a portion of the sem conductor substrate 1Is
renmoved byhdr @ridite ragj.ore i svaRr120(06.gh158 dgfed Aheet heod lamssir ding to claim
34 or clain1§§, wh ibn .said at J|east a portion of the sem conductor
substrate 5% %%%6’e§jﬁ%ﬁﬁ§WEQﬁﬁﬁ%ﬂiﬁ ™ting | ayer as an etch stop. 5
37. A method according to any of clains 33 to 36, conprising the step of
applying an electrically insulating and thermally conductive |ayer

adj acent t¥fe bdt GAWiAR fareerding He mstbrafhelaignsR8 A et hodvherwini ng t o

cl aim 37, rel. e qi tri i i qng I 'y conductive
| ayer is t\g%&q?el t[by aglgierggls%tr{;%gné g}'lo%gliaégg A mer% @dggf formng a

MOS- cont r dldmaldandhoverr ISulsemrasosnduct or device for use in an integrated
circuit, the device having an active region that includes a drift region,

the method conprising the steps of: formng, in a layer provided on a
sem copgluciPr A method of forming a lateral power semiconductor

device having an active region that includes a drift
region, the method comprising the steps of:
forming, in a layer provided on a semiconductor
substrate, a power semiconductor device having an active
15 region that includes a drift region; and,
removing at least a portion of the semiconductor
substrate below at least a portion of the drift region such
that said at least a portion of the drift region is
provided in a membrane defined by that portion of the layer
20 Dbelow which the semiconductor substrate has been removed-;
and,
providing electrical contacts on only one surface of

the power semiconductor device.

25 34. A method according to claim 33, wherein said at least

a portion of the semiconductor substrate is removed by wet

etching.

35. A method according to claim 33, wherein said at least

30 a portion of the semiconductor substrate is removed by dry

etching.



substrate, a power sem conductor device having an active 20 region that
includes a drift region; renoving at |least a portion of the seni cdiffucdior
substrate below at |east a portion of the drift region such that said at
| east a portion of the drift region is provided in a nenbrane defined by
that portion of the layer 25 bel ow whi % the sem conductor substrate has
been renoved; and, connecting at |east one electrical termnal directly

or indirectl]y to the top surface and at | east one _electrical termnal
directly &é'i n F‘@Eﬁ?ﬂﬁota&q P P BRI (DT 3P a WREERHE to be

appl i ed vesdicald L E0S pdheidl idt ¢RI i CondRiR HO0upsdht &g A et hod

according to claim39, wherein said at least a portion of the

senm condugtemovathssinte a4 Pywims echdyl atsiing etagrengs Hrletdh netdwd
according to claim39, wherein said at |east a portion of the

sem conductor substrate is renmoved by dry etching. 42. A nethod according

to claign 47 or xlngthck , acker®ing td Haf bRtclLensd I peytion of the
sem conductor substrate is renoved using a buried insulating |ayer as an
et ch st op.CARTIRIAE HRP TP RhPERRLEHE AN g keekr oty smsyhri e at

| east one {gMGRNALGE 1 8,4 cedl. 1apl O, | ffusion
or deposition from t]hl? béa%iﬁ?%ﬁv%ﬁa{f% 4 %%%ﬁo#%w%@‘he&%g% i on of
t he menbr are.thl membmsttkeod according to any of clains 39 to 43, wherein a

bottomtermnal layer is applied to the bottom of the 20 nmenbrane, said
bottomterm nal |ayer being in contact wth at |east one sem conduct or

layer wothig, t he Meid¥@Neecording 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
15 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
20 region that includes a drift region;
removing at least a portion of the semiconductor
substrate below at least a portion of the drift region such
that said at least a portion of the drift region is
provided in a membrane defined by that portion of the layer
25 Dbelow which the semiconductor substrate has been removed;
and,
connecting at least one electrical terminal directly
or indirectly to the top surface and at least one
electrical terminal directly or indirectly to the bottom

30 surface 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 least one semiconductor layer within the membrane.
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