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FOR'I TS MANUFACTURE TECHNI CAL FI ELD : The present E\fm tS! @@P
rel g{es to a dielectrically isolated 5 seniconductor device which has
cha¥ge carrier depleted. regi ons of reddced electrical field strength .
and whi ch conpri ses - a sem conduct or body: - a corrponent

region in the seni conductor body with an upper 10 surface;

fromthe sem (BniAEFECIRRACLY Yotigi albirboidibgron oERICH AR, e

region, this SEORcETBCMANUFACTUREXt endi ng from the upper surface of the
conponent region and 15 down thereinto; - a PN-junction at the
delimting surface of the sunken regi on which surface delimts said
region froma TECHNICA]: FIELDhart of the conponent region, said part having
an opposite type of doping to the type of doping of the sunken region;

and 20 - a seniconductor conponent in the conponent region having at
| east one el ecThecRresaiecinintiop gelateaadie @ dirlechkipally isolated

5 semiconductor device which has charge carrier depleted
regions of reduced electrical field strength and which
comprises
- a semiconductor body: .

- a component region in the semiconductor body with an upper
10 surface; ’

- a dielectrically isolating layer which delimits the

component region from the semiconductor body;

- a sunken region in the component region, this sunken region

extending from the upper surface of the component region and
15 down thereinto;

-~ a PN-junction at the delimiting surface of the sunken

region which surface delimits said region from a remaining

part of the component region, said part having an opposite

type of doping to the type of doping of the sunken region; and
20 -~ a semiconductor component in the component region having at

least one electrical connection region in each of the sunken

region and the remaining part of the component region;

- wherein the regions of reduced electrical field strength

are depleted of charge carriers by electric voltages that are
25 applied via the electrical connection regions; and

- a method for manufacturing the semiconductor device.

BACKGROUND ART

Semiconductor circuits are required to withstand a relatively
high voltage in many different kinds of applications. An
'?ff'f&s_o example of one such appllcatlon is found in the subscriber
line 1rcuité2 o ﬁelﬁ phon;‘g %han%s. In older Swedish
telegﬁone excﬁanges, tl‘i‘é 11ne to a éflbscriber was required to




region and the renmining part of the conponent region; - wherein the
regigns of reduced electrical field strength are depl eted of charge
cartiers by electric voltages that are 25 applied via the electrical
confiecti on regi ons; and - a nethod for2manufacturing the sem conduct or
devi ce. BACKGROUND ART Sem conductor circuits are required to
W thstand a rel atively hi gh voltage in many diff erent Kkinds of
applications. An 30 exanple of one such application is found in the

subscri ber hayenan" appdieds voltagec ofod8 aeditgngadsd PRASKResubsciider

t el ephone exchﬁﬂﬂé%lﬁétﬁﬁs i) éémfcéﬁ@@@e..w%redmaq&eglaf@adhgted to these
2 have an g&aﬁ volta e of 48 volts, and _npdern subscr. ber
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line circuits YP§ Fikeher Pé&ﬁﬁﬁm&'ﬁg"&&&ﬁt’éﬂ° eriruntries, for
vol t a?eS- H ghivist¥&h¢80€8 odtscdin r@drmainp; hehir@uetmeeSappmcatmnssb&'nce
68 volts i e ot

d
may use stiT | ﬁﬁlﬁﬁé?n%f:{:gﬁeg rp&&% Imcqay;s"?%%c%{:%f t ecxgp vﬁggaggglf ; |ts

nor e. instance voltages of 400 volts or more.

One problem with these relatively high voltages is that the
electrical field strength may exceed the critical field
strength of the semiconductor material in certain regions of

10 a component. This can result in a current breakthrough which
destroys the semiconductor material if the current is not
limited. The same problem of high field strength also occurs
in very small and rapid semiconductor components intended for
calculating or computing circuits. Although these components

15 are connected to low voltages, in the order of 3 to 5 volts,
the small extensions of the components enable the electrical
field strength to reach high values.

In certain applications, the problem of high electric field
strength is pronounced at the surface of a semiconductor
20 component, as described in an article in IEEE, Proceedings
from IEDM, 1979, pages 238-241, by J.A. Appels and H.M.J.
Vaes: "High Voltage Thin Layer Devices (Resurf Devices)", this
article being herewith incorporated in the present descrip-
tion. The semiconductor component has a surface layer in which
25 there is included a PN-junction in which the critical field
strength of the material is reached at a given applied
voltage. The surface layer is weakly doped on one side of the
PN-junction and this weakly doped part can be depleted of
charge carriers by making the surface layer relatively thin.
30 The applied voltage is herewith distributed over a long
distance along the component surface, so that the maximum
field;strength will adopt 3 value beneath the breakdown field
strenqth. The phenomenon ‘ist well known within semiconductor
technology and has been given the personal acronym RESURF



One-problemwith these relatively high voltages is that the el ectrical
field strength may exceed the critical field strength of_the

sem conductor material in certain regions of 10 a conponent. This can
resdlt in a current br eakt hrough whi ch destroys the sem conduct or
material if the current is not linmited.. The sane problem of high field
sfrength al so occurs in very small and rapld sem conduct or conponents
i nt ended for calculating or conputing circuits. Although these
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Pr oceedi ngs from| EDM 1979, pages 238-241, by J. A Appels and H M J.

Vaes: "H gh Voltage Thin Layer Devices (Resurf Devices)", this article
bei ng herewst h Im(adqitiaared:oi hhehefcpreseimd preebiep-of currient brfeakthrough

sem conduct or | n C [e d
a PN—] unction flﬁ{r\p/\hl C cr| tl cﬁ s‘lfﬁrgenrlrﬁivfiaiﬁl bém*: FH@E
reached at a glmﬁé%ﬂ%ﬁﬁ)lpéda CoOmpON; zﬁﬁnl‘-’m&hﬁ#?l’ac%u stxate singlveyceopne
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thin. 30 The é%?‘? RRCRSTR Qe SFam SheoRbher,’ for
di st ance ahong ﬂﬁam@omﬁnth&urﬁam&r s@esB8Ribelce iBURSPean Patdrnt App-

strenatn w11 o0l Lot b PRICRA e LSRN L fuss pBlEE BobitRe
gi ven the persdrian.a@a semicRB8UBEor substrate is provided with an oxidized
surface which forms an isolating layer on which a relatively
thin wafer of monocrystalline semiconductor material is
15 mounted. This monocrystalline wafer has etched therein
grooves which extend down to the isolating layer and the side
surfaces of the grooves are oxidized and the grooves filled
with polycrystalline semiconductor material. Semiconductor
components are formed in the dielectrically isolated box~1like
20 regions thus formed. These components have an external connec-
tion which is connected to a heavily doped connection layer
beneath respective components on the bottoms of respective
box-like regions, in direct abutment with the isolating oxide
layer. A plurality of different types of components are shown,
25 for instance field effect transistors and bipolar transis-
tors.

The European Patent Application No. A2-0,391,056 describes an
alternative method of forming a semiconductor substrate with
dielectrically isolated regions. The isolated regions are
30 produced by repeatedly etching the substrate and coating with
semiconductor material. The dielectric isolation is comprised
of oxidized semiconductor material. The regions have a weakly
doped area in which the actual component is formed and a
heavily doped connection layer which is located beneath said



3 f (REduced SURf ace Field). The resurf technique is described in
nore detail in an article in Philips J. Res. 35, 1-13, 1980, J. A
Appel s, et al: "Thin Layer H gh-Voltage Devices". This article is also
incorporated in the present description. 45 In addition to the aforesaid
probl em of current breakthrough I n sem conduct or conmponents, the -
i ndi vi dual conponents nmounted on a conmon sem conduct or substrate
i nfl uence one anot her in an undesirable manner. It is known to overcone
this pr oblcompsnént| andnglies againsint thenalielmutiticalilyer isbdating
I nstance in tq%yggmer described in European Patent App- l'ication

= Ac

EP- Al -0, 418, 73 cording to this priar publica- tion, a sem conductor

substrate is provided with an oxidized surface which forms an isolating
llayer on whi Clorie t§bet 6F Yomponerth whithi 8£teh SBURE 16! Bhé istR-caldlle@nrEDt Of
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have an exter $all epdnéc2. The hiagk isi publ ished hy Uolint ¥ikeydaSong, dbned,
fggggg{ : 82 | a)@g1. FiBEACHE FLEEIRANSINRTPPER A PPodtifed I f8EoPdance
. with known technigues, by mounting individual semiconductor
10 layers on top of one another and it is a relatively complica-
ted process to produce these transistors in a dielectrically
isolated region.

4

DISCLOSURE OF THE INVENTION

According to one aspect, the present invention solves the
15 problem of providing semiconductor components, for instance
the aforesaid JFET transistor, which can be readily produced
in the dielectrically isolated box-like.component regions on
a semiconductor substrate. The box-like component region has
an electrically isolated bottom surface and is surrounded by
20 the walls of the box which have the form of vertical dielec-
trically isolated layers. The component region is relatively
weakly doped with a predetermined type of doping material,
either positively or negatively. The component has two wafer-
like subregions which extend along the isolating layers on two
25 mutually opposing sides of the component region. These
subregions are doped with a type of doping material which is
opposite to the type of doping material used in the component
region, so as to form a PN-junction between the component
region and the wafer-like subregions. These subregions may be
30 used, for instance, to form a gate in the JFET transistor. The
two wafer-like subregions may be mutually joined to form a
continuous U-shaped region commonly doped with the same type



boxFlike regions, in direct abutment with the isolating oxide | ayer. A
plucality of different types of conponents are shown, 25 for instance ¢
field effect transistors and bi polar transis- tors. The European
Pat ént Application No. A2-0, 391,,056 describes an alternative net hod of
form ng a sem conductor substrate with dielectrically isol ated regions.
The isolated regions are 30 produced by repeatedly etching the substrate

and coating with sem conductor nmaterial. The dielectric isolation is
caonpri sed of slopingomateriakduThés mantdinyousrireqion obs HEed £y
doped area in phiusaitits a6t Udirseremtentypés i Oresompbheénts ocaydhponiied
connection | ayer ich.is |ocated beneath said

4 conpoﬁ'@ﬂ'\g 19N against the dielectrically isolating | ayer.
One type of conponent which often occurs is the so-called JFET

Lext book ‘on sePEoRREEF o LRB MU ioHs Apecfle delind MIbH EfereBatiefl arg
Semi conduct r Behiieyed byatiffthusibn iognimphaptation of doping material down
into the component region, via the surface of said region. The
thus doped regions can therefore be producéd readily in the
dielectrically isolated component region. The doped regions
can also readily be given desired forms, simply by appropriaté
10 choice of the configuration of the mask used in the doping

process.

Another aspect of the invention solves the problem of produ-
cing voltage durable components within the. delimited,
dielectrically isolated component region.

15 The components in the component region have electrical
connections to which electrical voltages are applied. The
aforesaid PN-junctions between the wafer-like subregions and
the remainder of the component region are reverse~biassed with
the aid of these voltages. This enables parts of the component

20 region to be depleted of charge carriers in accordance with
the aforesaid RESURF method, so that the voltage applied will
be distributed over a large distance within the component
region. The electrical field Strength in the component region
will therefore be low and can be maintained beneath a break-

25 down field strength for the semiconductor material. The
component region and the wafer-like subregions contain a
relatively low concentration of doping substances and can
therefore readily be depleted of charge carriers.

The invention has the characteristic features set forth in the
30 following Claims.



6. 1¥and 6.2. The book is published by John Wley & Sons, Inc., 1981.

Field effect transistors JFET are produced in accordance w th known

t echni ques, by nounting individual sem conductor 10 J1ayers on top of one
anofher and it is a relatively conplica- 6 ted process to produce these
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Figure 5 illustrates a circuit containing two series-con-
nected transistors; .

Figure 6 is a cross-sectional view of the inventive transis-
tors shown in Figure 5;

15 Figure 7 illustrates the transistors in Figure 6 from above;

and

Figures 8-14 are cross-sectional views which illustrate
individual method steps in the manufacture of the
transistor shown in Figure 1.

20 BEST MODES OF CARRYING OUT THE INVENTION

Figure 1 is a perspectivé view of an inventive semiconductor
component, a field effect transistor JFET, which is partially
exposed in the Figure. The upper surface of a semiconductor
substrate 1, in this case a silicon subé_trate, is oxidized to
25 form a dielectrically isolated layer 2 of silicon dioxide.
Mounted on the layer 2 is a monocrystalline silicone wafer 3
having a relatively low concentration of negative charge
carriers, designated n in the Figure. The monocrystalline
wafer 3 has a thickness Al. In the case of the illustrated
30 embodiment, Al = 6 um. The substrate 1, the layer 2 and the
wafer 3 form a semiconductor body which carries an elongated
component region 4. This component region is formed in the
wafer 3 and is delimited from a surrounding region 4a by a



5 of doping material. This continuous region is used for a
plurality of different types of conponents or conponent conbi nati ons.
The wafer-I|ike subregions and the connection therebetween are 5 achieved
by diffusion or inplantation of doping mater?al down into the conponent
region, via the surface of said region. The t hus doped regions can
t herefore be produced readily in the dielectrically isolated conponent-
regi on. The doped regi ons can al so readily be given desired forns, , -
sinply by apprcbiebeetrbcadpyiisolating layer §nannrdeeast of el e ddexidg
oot o of pr e BSEPryetal k" gLISRRC, el Uieinetny Iajekolsuinhis
Slr gl eg{n r ?éaPIrS #I’%%‘F athe g %ﬁ%n‘?gréb? mnocq@t%% s E°N“t ﬁ@m&‘e ’
conponent regi aiébeeteieallycidolatinpiayelri 2rnd complebetryenirramids the
Loy 2055 21 & ARebishedb® reatchl ° PelaTacther SURERIET 4114 keakile
rever se- bi assetransistor JFET. The component region is thus a box-like
semiconductor region which is completely isolated electrical~
ly against surrounding parts of the semiconductor body. For
the sake of clarity, parts of the isolating layer 5 have been
10 excluded from the Figure, as have also parts of the surroun-
ding region 4a. The field effect transistor JFET includes a
gate comprised of two wafer-like regions G1, which are doped
with positive charge carriers designated p in the Figure. The
wafer-like regions Gl are placed opposite one another midway
15 of a respective long side of the component region 4 and lie
against the dielectrically isolated la{rer 5. The regions Gl
extend from the surface of the component region 4 downwardly
in said region to a depth A2, in the illustrated case to a
depth A2 = 4 um. Each of the gate regions Gl has a respective
20 heavily and positively p+-doped connection region G2 for an
external electrical connection 6, which is only shown schema-
tically for the sake of clarity. A PN-junction 10 is provided
in a border region between the gate regions G1 and the
remainder of the component region 4. One end of the component
25 region 4 has a heavily and negatively n+-doped source region
S2, and the other end of said region has a heavily n+-doped
drain region D2 for the field effect transistor JFET. The
source region S1 and the drain region D2 are electrical
connection regions for the field effect transistor JFET and
30 each has an external electrical connecti_on 7., shown schenati~-

cally in the Figure.

Figure 2 is a cross-sectional view of the field effect
transistor JFET, taken on the section line A-A in Figure 1.
The Figure illustrates the component region 4 with the two
35 gate regions G1 in abutment with the dielectrically isolated



the aid of these voltages. This enables parts of the conponent 20 region

to be depleted of charge carriers in accordance w th the aforesaid

RESURF net hod, so that the voltage applied wll be distributed over a
| ar ge di stance within the conponent réyion. The electrical field -
strength in the conponent region will therefore be | ow and can be '
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external electrical connections 6 and 7. According to one
alternative, indicated in broken lines L1 in the Figure, the
wafer-like gate regions G1 may extend from the surface of the

10 component region 4 right down to the dielectrically isolating
layer 2.

Figure 3 is a view from above of the field effect transistor

JFET, including the component region 4, the isolating layer 5,

the two gate regions G1 with gate connections G2, the source
15 connection S2 and the drain connection D2. A gate voltage VG
is applied to the external connection 6, and a source voltage
Vs and a drain voltage VD are applied to respective external
connections 7. In a normal operational case, these voltages
may, for instance, be

20 V_= 0V (earth)

G
VS—OV
VD-4OOV

These voltages inversely bias the PN-junction 10 and a
depletion 'region D10 is formed. This region extends in two
25 1lobes, as illustrated by chain lines L2 in the Figure. At the
aforesaid voltage VD = 400 V, the two lobes merge with one
another to form a common depletion range, in accordance with
chain lines L3. The electrical field strength E of an electric
field in the depletion region can be maintained beneath a

30 critical breakdown field strength E = 3-105 V/cm for

CR
silicon, with a relatively high degree of surety. This can be
achieved because the semiconductor material in the component
region 4 is doped relatively weakly and can therefore be

depleted readily of charge carriers. It should be noted that



Figure 1; Figure 3 shows the component in Figure 1 from above;

Figure 4 illustrates_from above an alternative enbodi nent of 10

t he conponent shown in Figure 1; Figure 5 illustrates a circuit

cont ai ning two series-con- ngected transistors; - Figure 6
IS a cross-sectional view of the inventive transis- tors ©
Shown in Figure 5; 15 Figure 7 illustrates the transistors in Figure 6
from above; and ure 8- 14 are cross-sectional views
which illustr dkhe gate regions Glum@gl@mﬂepéteﬁeé partpially i paridewlanly e
of the in that l\#&ﬁasbftﬂ&egl f&;féﬂé”vﬂxﬂcn 1ids pRlexindDes Whe
CARRYI NG OQUT THE | I gure IS a perspective view of an

i nventive sem%ﬂ%c’f?ﬁu°n D%onponent a f| eld effect transistor JFET,
which is partially exposed in the Figure. The upper surface of a

sem conduct or bstr I n.1his a Su str

oxidized to 25Anf ?% CW%%’? F?&Si?‘&d PX?@? n a}ﬁg(ljﬁ‘e
Mount ed on & heFigyee 42, whiehnshowes y;'sfaéldrefﬁndt transister .I~FET1. ISiwmilgra
relatively |l o o] nt ne \ i er dasi n
in the Fi éure%#hgﬁﬁonégxr);gg ?f‘?ﬁ gﬁ{é 80?' g%hgﬁhas %gcfcf]rlf cgnzlsss g? 19.?3&:?%
case of the ileleetniealdy bynithe divlecyrieca) lyn isplatingtlayer 15.t fhe
layer 2 and t%urcewﬁoﬁ s‘zow ﬁlﬁeaacm%fré @ndbegyendi Paﬁ?\%itei'e%@.on

el ongat ed component ion 4. This co%lonent regl on is I N

waf er 3 and |§’H%IFli‘r?t€HaF oﬁleglé’éi’r IQ?ur?rﬁ ot qthe)other end of the

10 component region. As described above the field effect transis-
tor JFET1 includes two wafer-like gate regions G11 which
extend down into the component region 4 from the surface of

‘ said region. Each of the gate regions G11 is placed midway
along a respective long side of the component region 4 and the

15 respective rear sides of said gate regions lie against the
isolating layer S. The gate regions G11 are relatively weakly
positively p-doped and each has a heavily positively p+-doped
connection region G12. Each of the gate regions Gll1 has a
respective PN-junction 11 which faces towards the component

20 region 4. Distinct from the gate regions G1, the gate regions
Gll1l of this embodiment are relatively thick, having a thick-
ness t1, at the end thereof which lies proximal to the source
region S2, and is relatively thin, with a thickness t2, at the
end thereof which lies proximal to the drain region D2. When

25 the voltages V_, Vs and VD are applied to respective gate,

source and drain connections 6 and 7, the PN-junction 11 is
inversely biassed and a depletion region D11 is formed at the
gate regions Gl11. Because the gate regions Gll1 of the field
effect transistor JFET1 taper, the depletion region D11 has a

30 different form to the depletion regioh D10 of the field effect
transistor JFET of the Figure 3 embodiment.

The field effect transistors JFET and JFET1 in the dielectri-
cally isolated component region 4 have been described in the
aforegoing. According to the invention, it is also possible to



7 x dielectrically isolating |ayer 5 conprised of silicon dioxide

and polycrystalline silicon. The isolating |layer 5 extends - tromthe
surface of the nonocrystalline wafer 3 down to the dielectrically
isolating layer 2 and conpletely surrounds 3dhe 5 conponent region 4
containing the junction field effect transi stor JFET. The conponent
region is thus a box-Iike sem conduct or region which is conpletely -

i sol ated el ectrical - |y agai nst surrounding parts of the sem conductor
body. For aprangectve oy weresexias-caymegied sepicrpguckorsconpenantfen

10 excl uded f§ahbedimsonént Fedidnesdl % 1551 PlubbPates sutiemat ic4l 13
region 4a. The field effect transjstor JF I n¢cl udes ate con€r sed
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depth A2 = 4 p - of the gate regions as a respective 2 hea
and positivel yrggigpp8ad isncrrneched p ehgaker Fegien G4 efithe diransdatar |

connection 6, ybEeld,i GheBhYirk tath REEY Bource &§2bh)s4 Whilcheis dchrdcted
clarity. A PN-junction 10 is provided reqi on bhet n the

e in a bQrder
gate regi o CiPafld dupln reg i%e?fth?hErEBﬁﬁﬁgQFt Jon FAn e of
t he conponent transistor JFET4 has a drain region D4 which is connected to
an external electrical connection 41.

The two field effect transistors DMOS3 and JFET4 formed in the
cbmponent region 4 are illustrated in Figure 6 and Figure 7.
15 Figure 7 is a view taken from above and Figure 6 is a cross-
sectional view taken on the section line B-B in Figure 7. In
the Figure 6 embodiment, the n~doped component region 4 is
surrounded by the dielectrically isolating layer 5 and its
upper surface is covered by a dielectrically isolating layer
20 35 of silicon dioxide and includes recesses 38 for electrical
connections. The transistor DMOS3 has a relatively weakly,
positively p-doped region 33 which extends down into the
component region 4 from the surface of said region. The region
33 is located at one end of the component region 4 and has a
25 PN-junction 37 at its surface bordering on the remainder of
the component region. The source region S3 is comprised of a
heavily n+-doped region at the surface of the region 33, and
the external electrical connection 32 is connected to the
source region S3. A heavily; positively p+-doped contact
30 region 39 lies adjacent the source region S3 and forms an
electrical contact for the region 33. In a normal operational
case, the electrical contact region 39 is short~circuited with
the source region 83, as illustrated by a broken line connec-
tion SS. A very thin layer 34 of silicon dioxide, a so-called
35 gate oxide, lies on the surface of the component region on one



25 *region 4 has a heavily and negatively n -doped source region S2,

and the other end of said region has a heavily n -doped drain region D2
for the field effect transistor JFET. The source region S1 and the
dradin region D2 are el ectrical connectibh regions for the field effect
transistor JFET and 30 each has an external electrical connection 7, shown
schemati - cally in the Figure. Figure 2 is a cross-sectional view
of the field effect transi stor JFET, taken on thé ,section line A-A.in

Figure 1. #iderpf the isourae xegdonn83 . e Gate PEiden 4 extendsnenithe 35
gat e regi ons GhurfackubfEthe wddidmesdfﬁbﬂcme @age) of thélshirce reglon s3

| ayer 5. Th g .connect | t he FEigure
aI so the sourcngé'g %é'eé' 1(:)#2 ang t%‘f %%’ryg}htf% %tth negp Ju
t he.section A-dopkdgparetdfaithe ebmpsnental-egiom-:t. Theoctidnne k wregtiiomg36 of

PrOt oot Ve  kaVEheh hngl LLERTIK10°1 et UE non i £88 v gﬁlmgneme

region 4. pr ot 8¢ Fown?T n
i ncl udes recesga§99r¢91°nr¢é3 is cmpmm@ld Qfe%tlram Ofoﬂﬂnedr mml)mamta?l-

According 10 ORg¢ne sﬂhﬁ:@h”ﬁhh&ﬁ 134! 6Al 8¢ 'beﬁﬁée&aéé NS2ide 34 4R the
Fi gure, the fer- %a e regions Gl ma extend fromthe surface of
t he ox1de layer 35 and is connected to the external electrical
connection 31. The drain region D3 of the transistor DMOS3 is
10 1located in the component region 4 outside the channel region
36, in direct connection with the PN-junction 37. The drain
region D3 also forms the source region S4 of the field effect
transistor JFET4. The gate region of this field effect
transistor is comprised of two wafer~like regions G4 of
15 relatively weakly p-doped material, wherein each of said
regions extends along a respective one of the two mutually
opposing long sides of the component region 4. The wafer-like
gate regions G4 correspond to the wafer-like gate regions G1
that have been described above in more detail with reference
20 to Figure 1. These wafer-like regions, which are shown in
broken lines in Figure 6, are connected at one end thereof to
the weakly p~doped region 33. Each of the gate regions G4 has
a respective heavily p+-doped gate connection region G41 which
is connected to the heavily p+—doped region 39, as shown in
25 Figure 7. The drain region D4 of the transistor JFET¢ is
comprised of a heavily negatively n+-doped region at the other
end of the component region 4, and the drain region D4 is con-
nected to the electrical connection 41.

Figure 7 illustrates the transistors PMOS3 and JFET4 from
30 above, with the dielectrically isolating layer 35 and the gate
region G3 removed so0 as to bring clearly into view other parts
of the transistors. The region 39 is connected to the gate
connection regions G41, which extend in the gate regions G4
and form electrical connections for these regions. The gate
35 oxide 34 covers the PN-junction 37 and the channel region 36



10 « conponent region 4 right down to the dielectrically isolating | ayer

2. Figure 3 is a view from above of the field effect transistor .
JFET, including the Conponent region 4, the isolating |ayer 5, the two
gate regions Gl with gate connections G2, fhe source 15 connection S2 and
the drain connection D2. A gate voltage V[err] Is applied to the
external connection 6, and a source voltage V and a drain voltage
V[err] are applied to respective external V[err] ~ connections 7. In

a nor mal operalf | doheel toraews i stives PMOSI3t.aJhe commonydradn regiencB3 a&nd2the

Vlerr] =0V g t%@blrggmﬁ[ §£I€F’? ung ¥t tti%}‘k@é%ct;%%%g between' LHES gate

voltages |nverse I on ['et1 on re IO
i s formed. Thr§9r1@g1ﬁ)|$4exﬂ'bﬁd§iwrevb112\55ttm haw qnqa%gna&eeaegyonﬁafsﬁ

lines L2 in tB%eF'dBHr?ect%d e the pidd f&f'f&é’ﬁﬁ% éﬂ&fiie “ad@Pnt él*ﬂ@
two | obes rrer e wth o another to forma 8et|onra£
accor dance®w ﬁ°lat%|]ﬁqurn§s algngrikheup; {'-PBSI sH’@Fd £ithe B‘Fm'an

electric feglidn 4.t Phedipd 2t lz@yirdagmnoﬁamhéae:msﬁsaudxedFMueaérnBsao
critical breakﬁownfleld strength E 310 V/icmfor

CR. 5|I|coﬁ 0%t h a rel atively high degree of surety. This can be

achi eved because the sem conductor material in the conponent region 4

i s doped rel afrhge+_¥1%§@ yaﬁgaﬁ?'g d't' kkﬁéﬁé@ "Sorifonent $eYiTnd bEeFLLN e

charge carriers
wafer-like gate regions G4 can be depleted of charge carriers

10 by connecting the connections of the transistors DMOS3 and
JFET4 to external voltages. Figure 7 indicates with a broken
line a depleted region DR4 of the transistors DMOS3 and JFET4
which occurs when the source region S3 and‘the gate region G3
are both connected to earth potential 0 V and the drain region

15 D4 is connected to a voltage of +100 V. As previously men-
tioned, the electrical contact region 39 is short-circuited
with the source connection 83. A curve C discloses an electri-
cal field strength E = 1- 105 V/cm which lies well beneath the
critical field strength ECR =3 105 V/cm of silicon at which

20 there is a risk of current breakthrough in the material.

A method of manufacture of the aforesaid components will now
be described by way of example with reference to Figures 8-14.
The starting material used is a so-called bonded wafer
comprising a silicon substrate 1, the isolating oxide layer 2
25 and the monocrystalline silicon wafer 3, as illustrated in
Figure 8. Such a bonded wafer can be produced, for instance,
in the manner described in the aforecited European Patent
Application No. A1-0,418,737, and is commercially available.
According to Figure 9, the upper surface of the wafer 3 is
30 coated with a photoresist layer 51, which is exposed in a
predetermined pattern and developed so as to form openings 52
in the layer 51. Deep trenches 53 are formed through these
openings, by plasma etching down to the isolating layer 2 and
the photoresist 51 is removed. According to Figure 10, the



9 » the gate regions Gl are also depleted partially, particularly

In that part of the gate regions which lies_proximal to the drain

regi_ on D2. An alternative enbodi nent of the invention is illustrated
in*“5 Figure 4, which shows a field ef fectagransi stor JFET1. Simlar

to t he af oregoing, the conponent region 4 is delimted el ectrically by
the dielectrically isolating layer 5. The source region S2 is placed in
one end of the conponent region and the drain region D2 is placed in
the other end sﬁ.dehsurﬁaceannf)rtd't& tregpches 53 akes oniitbizesbbocfotme sikicbn

ef fect transi Sd 1&e°fco§€§§ﬁ | gE' Ugics éﬁ’@ xy&](a%. ZiLrH(g) Sogﬁ@# a(r:%réﬁ'&ues

whi ch ex ten omn Into € CO onent I on
sai d region. EB3hase €Adlgd: EltbgPthct{&tﬁ lpnacéuliwqwa?& The | ko kike

respective | ongompdfedit iééxéﬂr@fﬂleaéliﬂﬂtea élé@érié‘é’liﬁ il %ﬁﬁg%#%eff&@r
si des of sajd I ons ai nst e isolatin

tere at e
regi ons GL1° argla’leeF‘a‘F 9BP91¥REaR? ts 4a [ﬂfétﬁe\/@PF°ﬁrX§§égI&H& \%%gﬁrh%ls 'lg‘
heavily positisdijcon ddp&dde lagepnsstand tleelpmﬁiiysfariuﬁ giriemm &5

component 20 - Fegesher FoPE e A1prskEPibaa ety el Eiho %% & Ui
Gl1l of this enﬁndthenafarqgtpmgitwm yeflenencendo FjguarehlclAs illustratet]
at the end thejgor;ilireh 1hi, eenlr QXiedR! 3t 4o RBatYH GAth a new photoresist
10 mask 56 having two openings 57, of which one is shown in the
Figure. The openings 57 have a narrow, elongated shape and
extend along the long sides of the component region 4 adjacent
the dielectrically isolating layers. Doping with positive
doping material is effected through these openings 57, so as
15 to obtain the two wafer-like gate regions Gl. The mask 57 is
removed and a further photoresist mask 58 is applied, as
illustrated in Figure 12. The mask 58 has openings 59 through
which heavy positive doping of the gate connections G2 is
effected. The mask 58 is removed and a further photo-resist
20 mask 60 is applied, as illustrated in Figure 13. The mask 60
has openings 61 through which heavy negative doping of the
source region S2 and the drain region D2 is effected. Subse-
quent hereto, the mask 60 is removed and the surface of the
‘monocrystalline wafer 3 is oxidized to form the isolating
25 silicone-dioxide layer 8, as illustrated in Figure 14. This
layer 8 is coated with a photoresist mask 62 which has
openings 63 through which the connection openings 9 are etched
in the layer 8. The mask 62 is removed and the component is
provided with the aforesaid external connections 6 and a
30 protective layer. The connections and the protective layer are
not shown in the Figure.

For the sake of simplicity, the gate region Gl1, the source
region S2 and the drain region D2 have been shown in the same
cross-sectional view in conjunction with the description of
35 the method of manufacture, despite these regions being



regiron S2, and is relatively thin, with a thickness t2, at the end

t herreof which lies proximal to the drain region D2. Wen 25 the voltages
V[err], V[err] and VD are applied to respective gate, source and drain
conftections 6 and 7, the PN-junction 11 is 14 inversely biassed and a
depletion region DIl is fornmed at the gate regions Gll. Because the
gate regions Gll of the field effect transistor JFET1l taper, the

depl etion region D11 has a .30 different formto the depletion region D10
of the field efladerally disfdiased 1n|:1§1at10hd:d=pgarmt3tmm reality. It

The field eff e%houl%%ébggaﬁafﬂbeen 4 e {11 Be Qhé'd‘?@f'érent stsghlsyof

| sol at ed conponent region ave escri1 be f or egol
According to tﬂ'@l‘!\%ﬁﬁéﬁtum: forllsn%ﬁFW?Jo@%J-@?%l?@: application of masks,

10 arr aa&%ft\mai d’ﬂ)&%piﬂt;l ﬂateﬁﬂagst & SEFEEY ) G weQTPRASWAStO
I n the conpgnen on : |lgure lustrates schematically a first

field effecP t eﬂhi‘-Eh li*ks&fr'ﬁmct ed in series to a second
field effect tranS|stor JFET4. The transis- 5 tor DMOS3 has a gate region

S3 whioh 15 - HEhRYeCsRventivE d e tied L ERE ATt 1 Brtobhetanse.
source r egiimn tBe iposediniddttyd ofo prodatd nge then£4413f effiect rtmansistor
JFET in the isolated component region 4.in a simple fashion,
in that the configuration of this transistor is determined by
10 simple selection of the configuration of the three masks 56,
58 and 60, and in that simple modifications of the manu-
facturing method, for instance modifications to the con-
figuration of the masks, enables a large number of different
types of component to be produced.

-

15 It is mentioned in the introduction that large field strengths
can also occur in components intended for calculating or
computing circuits which are connected to voltages in the
order of 3 to 5 volts. These components are very rapidq,
contain high concentrations of doping substances and are small

20 in size. For instance, the thickness of these components,
corresponding to the distance Al in Figure 1, may be only
about 0.5 um. The invention can also -be applied to these
components, which have a high connecting voltage in relation
to their size. It can be mentioned that in the case of these

25 thin components, the aforesaid separation layer 5 can be
replaced with a layer produced by so-called local oxidation
(LOCOS), which is a relatively simple isolation method.

The invention has been exemplified with reference to silicon
components, although it will be understood that other semicon-
30 ductor materials, such as germanium and gallium arsenide can
be used equally as well. The doping types, p and n, referred
to in the examples can be reversed without digressing from the

invention.



JFET4, which in turn has a source region S4 which is connected 10 to a
drai-n region D3 of the transistor DMOS3. Finally the transi stor JFET4
has a drain region D4 which is connected to an external electrical
conkection 41. The two field effect tpansistors DMOS3 and JFET4
formed in the conmponent region 4 are illustrated in Figure 6 and Fi gur®é
7. 15 Figure 7 is a view taken from above and Figure 6 is a cross-
sectional view taken on the section line B-Bin Figure 7. In t he F|gure

6.enbodi ment, tTen- ﬂupmtmrp@mporreag:s)nptowide seuera]lmokﬁh&xyt:acyes in

di el ect | |

dietectrically 4441 810fi%k0 D1 yRlltade” aurapdBEy CBY A55Ly fnd M Fedike®
recesses 38 fortechuigueain the aforedessisibethaanneri tihe appdded yoliage
relatively weakjy, dlstrﬂﬁﬁtéavﬁlvlérp adwﬁi;é 100 &8 iehéceoaisbﬁaﬁ% d@ahgéﬁo

t he conponent i on fromthe surfdce of said region

|
33 is | ocated zﬁu%‘hﬁ ndtB? ¢RBPeBRPEnBREA, @BLYN OFZCHRY ﬁa§e&a§5"ﬂ’1}g’] &adlon
37 at its surfanerfacdecarad of ithe rmﬁﬁeue fas deébgmeapaaeoé r el d-

The source regi S3 i s ,conmprised ed o.n at . t.h
surface of the 'ﬁ;ﬁ} };‘ gﬁepone @’(taéq’ %‘E‘ﬁ]r% ’Eﬁéﬁ é'zlq?’s
connected to ttmablesouheeacmgjcmem t‘ohhevujsplam tlalhér;amy dw;bel'i the

contact 30 reglf;@f&? aﬂjiéfg&ﬁégﬁ Sg%;gfaéf e&:ﬁ altn%r% %s

el ectrical cont e r'eglr on nor ma I oha he
el ectrical lébnttbmehegu Bhlsgrueg@t@r tini acfurshew trreductitqm bouthe spgncsn

gﬁ as illust ”ité‘&hﬂ’e&o@{ EKS”st?lbé‘E‘r&@@n%en pgab't?&xﬁé the \{§iveritidh,
of silicon dioxide, so-called 35 %ate 0X i es on the surface o
t he conponent r"&ﬁ‘%ﬂfﬁb @ﬁg‘face area of a semiconductor substrate which is
to carry a specific number of components can be at least
halved in comparison with earlier known techniques. This is
15 particularly beneficial in the case of, for instance, sub-
scriber line circuits in a telephone system in which each
subscriber has its own line circuit. Another advantage
afforded by the invention is that the components can be
produced easily, since they are formed in a finished monocrys-~
20 talline semiconductor layer and since their form is determined

by selection of photoresist masks.



side of the source region S3. The gate oxi de 34 extends on the surface

of t+he region 33 fromthe edge.of the source region S3 over the
PN-junction 37 and out slightly on the negatively doped part of the
corfponent region 4. The—ehannel region 36 @ 5 the transistor DMOS3 is

| ocat ed beneath the ate ' 4. The gate region G3 is conprised of“a
Iayer of doped, me‘/ ‘;‘9 . line silicon which [ies on top of the gate
oxide 34 and th r 35 and is connected to the external

el ectrical connectlon 31. The drain C&)IMB8 D3 of the transistor DMOS3
is 10 located in the conponent region 4 outside the channel region 36,
in direct connection with the PN-junction 37. The drain regi on D3 also

forms the sourke ﬁeéll&leS&rdFatW iselateds éemcondu%ﬂguc&qﬁcwkw

gate region Ofcﬁd!'éefd:ﬂ'ﬁléff leted (Fégidied O(VDI(? Qﬁ;&"édt&%‘édolélbﬁrmal
oped materia erein

wafer-like re S of 15 ative akl
each of said géleri g?‘iﬁ%n%ﬁeéﬁs and, i ).{gwaggla E F?% one of the two rutually
opposi ng | @ng -si desenficonducrgrobedy (egidp 39).; The wafer-1|ike gat e

escr! bed above it SRARORARE 1SR, @#@?@é Spuitndhsrer, bodk I3ER aR°"

waf er-1ike regipper surfdcey e shown |n broken lines in Figure 6, are
connected at ane,ehfoibeteebality isoldé (aopeg wxgﬁxpae?ﬁm'a%gf
t he gate regions spec |ve at e connectlion

regi on 41 whicemponent reginnrt tfe'oenh‘éhﬁea‘am?owwwr-lmﬁaﬁd regi on 39,
as shown 1@ 25 Fi gustinkenNfedichn (689 9 Rhefcddporidmsy pcsnéf)ET%hfs

comprised of g DA | X P8R! exEedalng “PPSS 89" SPpdt LUEe880%¢ the com-
ponent region and down thereinto;
- a PN-junction (10) at the delimiting surface of the sunken -
region (G1l) which surface delimits said region from a re-

15 maining part of the component region (4), said part having an
opposite type of doping (n) to the type of doping (p) of the
sunken region (Gl); and
- a semiconductor component (JFET) in the component region
(4) having at least one electrical connection region (G2, S2,

20 D2) in each of the sunken region (G1) and the remaining part
of the component region (4);

- wherein the regions (D10) of reduced electrical field
strength are depleted of charge carriers by electric voltages
(Ve Vg Vp) that are applied via the electrical connection

25 regions
characterized in that
= the component region (4) has two mutually opposing sides
which are delimited against the semiconductor body (1, 2, 3)
by the dielectrically isolating layer (2, 5);

30 - in that the sunken region includes two mutually opposing
wafer-like subregions (Gl) which at the aforesaid mutually
opposing sides of the component region (4) extend along the
dielectrically isolating layer (2) from the upper surface of
the component region (4) and down into said region, said



end-of the conponent region 4, and the drain region D4 is con- nect ed
to t-he el ectrical Figure 7 illustrates the transjstors
DMOS3 and JFET4 fmmmuimw th the dielectrically isolating |ayer 35

and*t he gate regi 6n &3 Yerfovéd so as to 1bring clearly into view other
parts of the transistors. The region 39 is connected to the gate
connection regions G41, which extend in the gate regi ons G4 and form

el ectrical connections for these regions. The gate 35 oxide 34 covers the
PN-j unction 37 sublréditonh@l)chaving @rdbatively low concentration of doping
12 of t {_ g oy DMOS3. The conmon drain region D3 and the
source region ex 'the PN-junction 37 between the gate regi ons
G4. The Figure <11 dsx rthads thay compenept ereggpnns(4(}34 has agarelativelyedowo

th d d t t
two |ong i des GepntEation fofddbPihg HateRial X} 4 164RL B a"Pdoidh
transi stor SFERE ?‘Se%!‘s@e nutygddy. OPPOSingh§“P§Pﬁ?~PO§I {Ghkal@dnd n- doped

conponent regi an inbeﬁa\eeahé B2 the e Calke i@ Qeptateasrédicid (22, 13)
depleted of char’gt é“uezr %:he low-doped (n) region between the mutually
' opposing subregions (Gl1) and into said subregions so that the
electrical field strength (E) in the depleted region lies

10 beneath a breakdown field strength ( ECR') of the semiconductor

material.

2. A dielectrically isolated device according to Claim 1,

characterized in that the wafer-~-like subregions

(G11) have a larger thickness (tl1l) at one end than at their
15 other end (t2).

3. A dielectrically isolated device according to Claim 1 or
2, characterized in that the wafer-like subregions
(G1, G11) has each a heavily doped (p+) electrical connection
region (G2, G12).

20 4. A dielectrically isolated device according to Claim 1, 2
or 3, characterized in that the wafer-like
subregions (Gl) include a gate of a field effect transistor
(JFET), wherein the electrical connection regions include a
heavily doped ( n+) region at each end of the component region

25 (4), with the same doping type (n) as the remaining part of
the component region, these connection regions forming the
source region (S2) and the drain region (D2) respectively of
the field effect transistor (JFET).

5. A dielectrically isolated device according to Claim 1 or

30 2, comprising a first field effect transistor (DMOS3) which is
series-connected with a second field effect transistor
(JFET4),



10- * by connecting the connections of the transistors DMOS3 and JFET4 to
external voltages. Figure 7 indicates with a broken line a depleted

regi on DR4 of iml“mm"“ﬂljmﬂl 3 and JFET4 whi ch occurs when the
sowurce region gion &3 18are both connected to earth
potential 0 V artd thetdrir rédgion 15 D4 is connected to a vol tage of +100

V. As previously nmen- tioned, the electrical contact region 39 is
short-circuited w th the source connection S3. A curve C discloses an
el ectri- @hfaaastteandmh £ed. 0/ ERAE VVcmwhich lies well beneath

mgre |sC;I H gﬁl Off:thrQFﬁktéﬁgﬁégﬁ.tgfﬁer(Bh —Ga)ltinwlwtane@f alsu.-leumavauywaeamo
ent bre rou e nateria
manuf act ure of4PPRAafB} &%ﬂf%ﬁ%ﬁ&ﬁ? r}|3|3 n8k one %’édo%%&hleogag‘g’?;\%gﬁo

exarrplle \c,i\“h ale%gj_eﬂcg;p Fi gures 8-14. The starti ng material used is a
so-calle nde er 4 eﬁ;lﬁ‘:e I g
oxi de | ayer®2 25 bV\BY‘F& t’lh% "fﬁ)tﬁ jg@%%%%%éiifl coﬁéj‘&if , us%'?r g%llgg
in Fi gure €nd Sméreof)mujsamhﬁ@akdmdbpeéroqnneqtll‘@rrﬁmfhr(@é) ; | n

Al -0, 418,737, an rmerma Accor di to Figure the
upper surface Qﬂpeﬂe(m/a)f §PuZCesragion (3B Wiitth the #aRne dobing type (n), as

whi ch is exposgglei Relaining’ %fﬂﬁt%id&i &iéhﬁrlfégtmwl(ngdsaddaSOu&cborm

openi ngs 52 I p the_ | ayer, 51 De ren es 53 ar t th
openi ngs, 1} preghenec(SHh ﬁﬁ ﬁt?ﬁﬁn? gﬁ?‘g ,.{”(Qlégh e
photoresi st 5l=i thleeaamdctfnqm'e:qm t(o3|§| hasea haawilly doped (p ) contact

region (39) having the same doping type (p) as the sunken
region (33, G4);
- the first field effect transistor (DMOS3) has a channel

15 region (36) which is located in the connecting region (33) at
the surface of said region between the source region (S3) and
the remaining part of the component region (4);

- the channel region (36) has mounted on the surface thereof
an electrically isolating gate oxide (34) which carries an

20 electrically conductive gate region (G3);

- the second field effect transistor (JFET4) has a heavily
doped (n+) drain region (D4) at the other end of the component
region (4), this drain region having the same doping type (n)
as the remaining part of the component region (4);

25 =~ the second field effect transistor (JFET4) has a gate which
includes the wafer-like subregions (G4), each of said sub-
regions having a respective gate connection region (G41) which
is connected to the electrical contact region (39) of the
connecting region (33); and

30 - in that a region in the remaining part of the component
region (4) between the wafer-like subregions (G4) adjacent the
connecting region (33) includes the drain region (33) of the
first field effect transistor (DMOS3) and the source region
(S4) of the second field effect transistor (JFET4).

th d
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13- si de swfaces—of—the trenches 53 are oxidized to formsilicon

di oxi de coatings 54 ¥ ning parts of the trenches 53 are
filled with pol yﬂlmug‘i ! ﬁ“!mmon 55. The box-1li ke conponent region 4

issdelimted ele IS way frogyg 5 the surrounding parts 4a of_

the nonocrystalline wafer 3. The silicon dioxide [ayer 54 and the
potycrystalline silicon 55 together formthe dielectrically isolating
| ayer 5, nenti.oned in the aforegoing with reference to Figure 1. As

ill)l ust rk ali'.S gdh 6. M n{atgwdeo_flprbaacm?ea &l d leataitead by tilsod ated pewadcovsi st
mas aying t openi ngs, 57 i S 0, | Fi )
The openi ngs %'?cﬁ8€\é\gﬁv£%?f }(iln{,?ﬁ&gtd\é\'gog)ﬁg%ggghdtﬁg g%é%rf;f :I on&)t Ihgur ©

| ong si des of-thextdipingna suyifecedofidpaseniconduchordsubstrateal(ly to

i sol ating | ay, pl ] st s ' rggy.i s effected
t hr ough theseféépnénﬁg%si%ﬁ%{s%ggfg O?%tggtgalggﬁ?ﬁglgﬁv\%fv\g?’e'r -li ke gate
regi ons G5 The appdiyiaw to the oxide dayerd(2) ramanacrusiadldie; seRicRnss | s

applied, as V%uc%btuﬁaféi-e@s{ naSped el th a e dypes dfadoping mgterial
t hr ough I C eavy positive doping of the gate connections & is
effected. The(®™hék 58 is renpved and a further photo-resist 20 mask 60 is

applied, as idlugélheding &i@oiporieht Hegioask 490 in theamonperysgaldine

t hrough whi ch_heavy, neqat i ve_dop] f th : g

dr i n r et on ¥BEEL (T 85 fang gt M etectilcar1Z BUbTE IR Slvoku ¥, biF
][ermveﬂ arol ltmieh_rfsamromind hthe componengsirddior andecextend ofremz&het o
ormthe iso ' 5 skl = Q1.0 i et 4 ' e
19 i o §utEHcR b e RMBEHRLAA LI Farlr 1) douifLb IR feB1ataHy
openi ngs 63 toxbdghlayexn(2he connection openings 9 are etched in the

layer 8. The IasfnG7vifg’&VEY oché Ebigbhdi Uy tn i) a first mask (56)
' having provided therein recesses (57) which include two
15 elongated openings that extend alongside the dielectrically
isolating layer (5, 54) and along two mutually opposing sides
of the component region (4);
- applying through the recesses (57) a second type (p) of
doping material opposite to the first type (n) of doping
20 material, wherein there is produced in the component region a
sunken region which includes two wafer-like subregions (G1)
on the opposing sides of the component region (4);
- applying over the component region at least one second mask
(58, 60) provided with predetermined openings (59, 61); and
25 - supplying a predetermined type of doping material through
the predetermined openings (59, 61) to produce the electrical
connection regions (G2, D2, S2) of a semiconductor component
(JFET) in the component region (4).

7. A method of producing a dielectrically isolated semicon-

30 ductor device according to Claim 6, wherein the recess (57) in
the first mask (56) includes a connecting opening in one end
of the component region (4), this opening niutually connecting
the two elongated openings of the recess (57).



provided with the aforesaid ex | connections 6 and a 30 protective
| ayer. The connections and the protective layer are not, shown in the

F|9ure For I“ ml licity, the gate region Gl, the source
region S2 and th Hm Ilﬂ have beepgshown in the sane
Ccross-sectional vi ewq ncoMj ufctfon with the description of 35 the method
of manufacture, despite these regions being

14 | aterally displaced in relation to one another in reality. It
shoul d be car @‘-ul Ay method blﬁapradhcc’nhgt&leiihléqﬁneinabhagwlafted semicon~

manuf act ur e, éé?ﬁ?iﬁﬁ:&éb@: ﬁ&@lﬁq& b gf ﬂﬁé}.‘éin the %Hpksgi e Of

dopi ng materla s and etchin person sKki
this art. regien ntklis mkedr byt nhesf@quwmeftéwd is&epsopef:

i nstance, 4 ”a%:biyﬁ%%shﬁ'étéﬁlﬁé ﬁé)@%@'l’)gtb h@hé 'ﬂlﬁtﬁfﬁ&@ll’fiﬁé‘ﬁaw
JFET in the isola ngnent re .|na+£%) %IOI‘] in t
the configd ati®r spidetchingsm Pai"énﬂe?g?’?& (li?)l or Adedecty | on
of the conflgwﬂ1prisﬁldmg rpferySs526, 55); 58 and 60, and i n that
sinple modificati Ogshlngt !?:renc?\es (53) in the monocrystalline wafer (3)
through the openings (52) in the etching mask (51), said
trenches (53) extending down to the electrically isolating
10 layer (2) on the semiconductor substrate (1);
- oxidizing the side surfaces of the trenches (53) to form
semiconductor oxide layers (54); and _
- filling the remainder of the trenches (53) with a polycrys-

talline semiconductor material (55).




facturing nethod, for instance rmdi;‘ffi:ica.t__'if'qnéfto t he con- figuration of

t he- masks, enabl es a | arge nunber of differ@ht types of conponent to be
produced.« 15 It is nentioned in the introduction that large field
stréngt hs: can al so occur in conmponents intended for cal culating or

conmputing. circuits whbtRLEIIRICADN® CiSSLATRDY Sk PEGDUCTORNBEVICE ANdER Of 3 to
5 volts. These CONpPMATHMOR EORe ITSI MANURACTURE contain high concentrations
of doping substances and are small 20 1in size. For instance, the thickness

of these conponents, corresponding to the distance Al in Figure 1, may
be only about 0. 5 pm The invention cgpgdpser be applied to these
conponents, which have a high connecting voltage in relation to their

size. It can be nentioned that in the case of these 25- thin conponents,
the af oresai d separAisemicoagurtér denipe (JFET; ehl §Ldd smpporteddsien sewidianed
by so-called | ocal Quéest sy vhiéh Souprisebi & eirstaats! aij vahyosid® Byer
i sol ation met hod, ‘Ig'nea I nventi on r%a% Feecg fﬁ%gﬁil fied w Q ieferer}ce
to silicon corrpf)%)en?%, AFERSLY PSR EHVELY (P t OGP FHE %) hg water
sem con- 30 duc? or {hat Srienches siarth aadigleatandicadl ¥ nikadating nayiere (P Havhigh
be used equal |y as g@htoundit aléiipdtheh¥Pesgidh Ay die 66EM¥d €l the wader N(3hhe

exanpl es can be revgreq gVabBoM +FalkE bR YaFEW 1 %he colgbielt' Pyion has
two positively doped (p) wafer-like gate regions (G1i), which
have been diffused in the component region with the aid of a
10 first mask. Two heavily negatively (n+) doped regions (S2, D2)
are diffused in the component region with the aid of a second
mask, these regions forming the source region and the drain
‘ region of the transistor (JFET) . The semiconductor body (1, 2,
3) is easy to produce and is available commercially, which
_ 15 simplifies manufacture of the field effect transistor (JFET).
ﬁ Manufacture is also simplified because.the configuration of
both the component region (4) and the parts (Gl1, S2, D2) of
the transistor (JFET) are determined by the simple choice of
masks. The component region (4) is weakly doped (n) and is
20 easy to deplete of charge carriers. The electrical field
strength in the component region (4) is weak, according to the
RESURF method, and the field effect transistor (JFET) with-
stands high voltages (Vs, D VG) without risk of current
breakthrough. The component region (4) occupies only a
25 relatively small area on the substrate (1) .

Figure 1 for publication together with the Abstract.
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15 - The inventive conponents provide several advantages in

addition to their voltage durability. By appl'yi ng the resurf t echni que
in theé aforedescribed manner, the applied voltage is distributed over a
| arge part of the conponent. Conse- 5 quently, the conponent need only
occupy a relatively small surface area of the substrate, as described
above. In ad- dition, the conponents nmay agngntageously be made thin,
whi.ch enabl es the conponents to be isolate aterally with the
illustrated dielectrical separation layers 5 and 25 respec- 10 tively.
This results in a further reduction in the space required on the
substrate. Wen practicing the invention, the requi site surface area of
a sem conductor substrate which is to carry a specific nunber of
conponents can be at | east hal ved in conparison with earlier known
techniques. This is 15 particularly beneficial in the case of, for

I nst ance, sub- scriber line circuits in a tel ephone systemin which
each subscriber has its owmn line circuit. Another advantage

~afforded by the invention is that thej,gonponents can be pr oduced
easily, since they are fornmed in g1 steg MDNOC VS~ 20FEy! 1 i ne

sem conduct or | ayer and since eivVg drmis oetgr i qg =7 by sel ection of
phot or esi st masks. _ i

Fig. 1



16 - 1. Adielectrically isolated sem conductor device which has
charge,carrier depleted regions (D10) of reduced el ectrical field
strength (E) and which conprises 5 - a semiconductor body (1, 2, 3);

- & conponent region (4) in the sem conductor body with an upper
surface; - adielectrically isolating layer (2, 5) which delimts the”
conponent region (4) fromthe sem conduc%¢8 body; 10 - a sunken region
(d) in the conponent region(4), this sunken regi on extending fromthe
upper surface of the com ponent region and down thereinto; - a
PN-junction (10) at the delimt E&l surface of the sunken region (Q)
whi ch surface delimts said regio from7a re- 15 grai ning part of the
conponent region (4), said p@rt havAngd /an oppo 'teéype of doping (n)
to the type of dopipng4&) R 1t¥ S2 Jtnin #egbon8%:1)8 jand - a

sem conduct or conmpgnent) (JFER i n_the legnpongnt | /20] OF (4) having at

| east one e| e i ..’////,v’/:’/,’ﬂ'///;’xsk’ :’/A‘V///[//;,,‘i?[.‘, '/"//1'{':’/////.,’14’// AL LTSS, ea Ch Of th e

sunken regiQn { Ahg copponent region (4);
- wherei he!

ot=—35strength are
(Vg Vierr], VD)

that are appH '

eri zedin

:"',‘=v’ Gt haract
1 had tyo tually
opposi ng si des A": geni gfnduét or body (1,
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by« the dielectrically isolating layer (2, 5); 30 - in that the sunken

regi on includes two nmutually opposing . _ wafer-like subregions (@) which
at _the aforesaid nutually opposi ng sides of the conmponent region (4)
extend al ong the dielectrically isolating |ayer (2) fromthe upper
surface of t he conponent region (4) and down into said region, said ™
"subregion (@) having a relatively | ow concentration of doping

material (p); - in that the conpo®f@ region (4) has a relatively |ow
concentration of doping material (n) at least in a region 5 between the
mut ual I y opposi ng subregions (Gl); and - in that one of the charge
carrier depleted regions (L L3 | n the | owdoped (n) region

ol

bet ween the nutually gs and into said subregions
so that thel .__electrical. ) | bedepleted.regiadies
10 beneath breakdown field st ength (E[ pf the sem conduct or ]

mat eri al . 1 o adgim1l

char achlp ejyrp—zed iL . - , GLY]) have
a larger thixckngss (t1) at o§f=;=g=ggag=5p—d : y, i
. - A
1 o _’_/' |}
AL e T 21
. - ' — D2
/" o ——— —— _n
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15+*ot her end (t2). 3. Adielectrically isolated device according to

Cgimlor _ 2, characteri zedinthat the wafer-1Iike

subr egi ons (d, Gl1) has each a heavily doped (p ) electrical

corinecti on region (&, Gl2). 20 4. A dielectrically isolated device
according to Caim1l, 2 or 3, char acteri zedinthat the
waf er-1i ke subregi ons (Gl) include ame of a field effect transistor
(JFET), wherein the el ecDM@$B connecti o gions include a heavi | y

doped (n ) region at each a_nd of the component region 25 (4), with the sane

doping type (n) as th |@g part of t he conponent region, these
connection regions fornrngythe/ 34 Bdyrcedt on@,ﬂ nd the 4tain region
(D2) respectively lekd gf Pgcy trakpsi gt bga( JFEDY. 38 5. A
dielectrically igglatsd |dev ' ai

r {30 \2, nprising a
first field eff ' i j ith a
second field eff

/| ’ '
p 36 —- o4 _J ‘
37 E
.\
Fig. 6
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characterizedinthat - the sunken region (33, 4) includes
a eelatively weakly doped (p) connecting region (33) at ,one end of the
conponent region (4); 5 - both the wafer-1like subregions (4) are
cofinected at one end thereof to said weakly doped connecting region
(33); - the first field effect transistor (DMOS3) has a strongly -
doped (n ) source region (S3) wth the san§g/8oping type (n) as t he

remai ning part of the conponent region (4), said source 10 region (S3)
being |ocated in the connecting region (33); - the connecting region
(33) has a heavily doped (p[err]) contact region (39) having the sane
doping type (p) as the sunken region (33, 4); - the first field
effect transistor (DMOS3) has a channel 15 region (36) which is located in
t he connecting region (33) at the surface of said region between the
source region (S3) and the remai ning part of the conponent regjon (4);

- the channel reg Kela 0) _has npunted on fhe ace thereg
electrically |sol.t| ’
conductive gate rggron o]
(JFET4) has a heatl | et edd of
t he conponent 1 LA p A e depi ng type
(n ) as t he re \{i\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\<\.\\\\\\\\\\\‘ e Second
field effect tran N ) Nas a gake W R e 2
waf er-11ike subreg / each 0K _sai d sMNp- egi ons MQving a
respective gate cbhrirgction dNegion (G4l) whic i shNqonnected_to §he

el ectrical contac (on (39N\of the connegting region (33N\"Rndy 30 -
in-that a region |n the i ni Mg part o\t he congonent regi oM (4

bet ween the wafer N i ke su i 1) adj agent t he 1

Arlsal |y

Fig. 8
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cofinecting region (33) includes the drain region (33) of the first

figld effect transistor (DMOS3) and fhe source region (S4) of the
second field effect transistor (JFET4). 6. A nethod of
producing a dielectrically isolated sem con- duct or device, said method
conprising the steps of - oxidizing a surface of a sem conductor ~
substrate (1) to form an electrlcaa/alsolatlng oxi de layer (2); 5 -
applying to the oxide layer (2) a nonocrystalline sem con- duct or waf er
(3) doped with a first type of doping material (n); - delimting a
conponent region (4) in the nonocrystalline waf er (3) by neans of
dielectrically isolating |ayers (5, 54) 10 which surround the conponent
region and extend fromthe surface of the nonocrystalline wafer (3)
down to the isolating oxbpe | ayer (2); - applying gver the
conponent region (4) a r~ nask (56) ﬁving prOV|d.o hejei n recesses
(57) which ing T g S—rat—reyipend orghi de t he
dlelectrlcall | SQ g%j 7 W opposi ng
si des 2~ Coppongy Ny h§ recesses
(57) a second yp (p ,12 i irgt type
gt sk =
(n) of doping §§5 ;%:
e ™4
\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 2
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20~ material, wherein there is produced in the conponent region a

sumken region which includes two wafer-Ilike subregions (Qd) on the ._
opposi ng sides of the conponent region (4); - applying over the
cofrponent region at | east one second mask (58, 60) provided with

pr edet er m ned openings (59, 61); and 25 - supplying a predetermni ned type “of
doping material through =~ the predeternm ned openings (59, 61) to produce
the el ectrical connection regions (B8 D2, S2) of a sem conductor
conponent (JFET) in the conponent region (4). 7. A nethod of
producing a dielectrically isolated sem con- 30 ductor device according to
Claim6, wherein the recess (57) in the first mask (56) includes a
connecting opening in one end of the component region (4), this opening

mut ual |y connecti ng he two el @pg d eni ngs of theggrecess (57).
8. A nethod of producgts di el ect ?’Bcgﬁfy feﬁol at®d sem coli- duct or

dev! ce accor di A N R ] O (4) is
delimted by t S Ol A0 TEX NONEAZFNS N Y | A0 B} chi ng mask
(51) to the norfocryst alfv s Q

openi ngs (52) flogrthe”di ¢
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- #tching trenches (53) in the nonocrystalline wafer (3) t hrough the
opénl ngs (52) in the etching nmask (51), said .. trenches (53) extending
dovvn to the electrically isolating 10 layer (2) on the sem conductor
substrat e (1); - oxidizing the side surfaces of the trenches (53) to
form sem conductor oxide layers (54); and - filling the renainder”
of the trenches (53) with a polycrys- alline sem conductor materi al
(55). 8/
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