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i1 A SEM "CONDUCTOR DEVI CE IN A THI N ACTI VE LAYER W TH H GH BREAK- DOMPa¢ ®
VOLTAGE TECHNI CAL FIELD The present invention relates to a sem conductor
device in a 5 thin active layer wi th highjbreakdown voltage, said device
Thavi ng charge carrier depleted regions of reduced el ectrical field strength
and conprising - a sem conductor body; - a conponent region of

sem conductor material carried by the 10 sem conductor body and havi ng an

upper surf ace BEMICONDYCTOR DEVECE TN NOTEIN WCOTIVE LAYER WITHE HIGHE BREAKPI ng
mat eri al ; &%%ﬁ i solating layer which delimts a | ower surface of
the conponen t he sem conductor body; - an electrically
delimting separation |ayer which extends 15 along the renmaining surfaces
of tHhe conpo ftﬂh..o border on the sem conductor body; - a sunken

region in thée“conmponent” region that has a relati- vely | ow concentration of
a second type (p) of doping material which is opposite to the first type of

dopi ng nat er iphle g%%o éﬁ’@&ﬁb@nft%nwatsaeée%% Sl RISt abemapeﬁ 2

tnken- r 68 oD Ak i 18 WA Jr LGP (PERR AR Yo SRS P i Celce
conponent reﬁa%ng?%hargeabake&ai- aepléeted Q&R;il&i@bfcneuuaedtelentimcal
component regl; i21q sq:rength and comprising
- a semiconductor body;
- a component region of semiconductor material carried by the
10 semiconductor body and having an upper surface which region is
weakly doped with a first type (n) of doping material;
- a dielectric isolating layer which delimits a lower surface
of the component region from the semiconductor body;
- an electrically delimiting separation layer which extends
15 along the remaining surfaces of the component region that
border on the semiconductor bedy;
- a sunken region in the component region that has a relati-
- vely low concentration of a second type (p) of doping material
which is opposite to the first type of doping material,
20 wherein the sunken region extends from the upper surface of
the component region; _ o
- a PN-junction at the surface of the sunken region that
delimits said region from a remaining part of the component
region;
25 - at least one semiconductor component in the component
region; and |
- at least two electrical connections in the component
region, wherein the regions of reduced electrical field
strength are depleted of charge carriers by electrical
30 voltages applied to the electrical connections and a first of
the charge carrier depleted regions extends from the PN-
junction to the dielectric jolat;mg“*layer, aﬁlgtsﬁ beneath
. a part of the sunken region ) R TR §



: at least two electrical connections in the conponent region, wherein the
regi ons of reduced electrical field strength are depleted of charge
garriers by electrical 30 voltages applied to the electrical connections
Bnd-a first of the charge carrier depleted ?eglons extends fromthe PN
junction to the dielectric isolating layer, at |east beneath a part of the
" sunken region. 2 BACKGROUND ART Semi conductor circuits are required to

w thstand a r ' gwgl voltage in many different Kkinds of
appl i cati ons. eﬂﬁlékeégérrp e %‘rone such application is found in the subscri ber
5 1line circuits of tel ephone exchanges. In ol der Swedish tel ephone

exchanges, theddfifofdudtstiiizdditis 428 eI &S tohvlenstana Webiativelyge

of 48 volts, and nodern subscriber |ine mrcwti in sem condypct oy
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conponent. This canr brea
line circuits in semiconductor technlques are adapted to these

voltages. Higher voltages are required in other countries, for

10 instance 68 volts in Germany, while other applications of
semiconductor circuits may use still higher wvoltages, for
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

15 strength of the semiconductor material in certain regions of
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 vei'y small and rapid semiconductor components intended for

20 calculating or computing circuits. Although these components
are connected to low voltages, in the order of 3 to $ volts,
the small extensions of the components enable the electrical
field strength to reach high values. N

In certain applications, the problem of high electric field
25 strength is pronounced at the surface of a semiconductor
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 indo‘rporate‘d in the present dé_scrip-
30 tion. The semiconductor component has a surface layer in which
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



destroys the sem conductor material if the current is not linmited. The sane
probkem of high field strength also occurs in very small and rapid

Ssem conduct or conponents ‘i ntended for 20 %aICUIating or conputing
circuits. Although these conponents are cohnected to | ow voltages, in the
order of 3 to 5 volts, the small extensions of the conponents enable the
electrical field strength to reach high values. In certain applications,

the problem cﬁnhj@ﬁceheﬁt aha tinglsd wak B} r&GEkd) pare’ ea0UPECdepletia of
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10 J.A. Appels, et al: "Thin Layer High-Voltage Dev1ces". This
article is also incorporated in the present description.

The U.S. Patent Specification 4,409,606 describes the resurf
technique applied to a transistor. A relatively thin semicon-
ductor layer in which the transistor is formed is mounted on

15 a semiconductor substrate. The substraté and the layer form a
PN-junction and a heavily doped region in the PN-junction is
arranged beneath one transistor connection. This junction is
reverse biased and the thin semiconductor layer is depleted of
charge carriers up to the layer surface, along a path which

20 extends between the heavily doped region and the second
transistor connection. A good degree of safety against current
breakthrough is obtained when this path is made sufficiently
long. Such application of the resurf technology deals with
those problems that occur with breakdown voltage at the base

25 of a bipolar transistor due to current amplification, often
referred to as common base amplification and designated @, in
the literature. A similar arrangement is also described in
U.S. Patent Specification 4,639,761.

The European Patent Application No. A1-0,086,010 describes a
30 transistor which is similar to the transistor described in the
two aforesaid U.S. patent specifications. This 1latter
transistor, however, lacks the heavily doped region in the PN-
junction, and the layer in which the transistor is formed has
an elevated doping concentration. It is therefore difficult



T echnol ogy and has been given the personal acronym RESURF (REduced SURface
Field). The resurf technique is described in nore detail in an article in
Philips J. Res. 35, 1-13, 1980, 10 J. A AQPeIs, et al: "Thin Layer

Hi gh- Vol t age Devices". This article is also’incorporated in the present
description. The U S. Patent Specification 4,409,606 describes the resurf
technique applied to a transistor. Arelatively thin sem con- ductor |ayer
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substFate.  The- S auphe Rebletd! fREs 1ay Bl BE A d bark 1820 S04 UiF 18b1atea
doped region iglegtredej dfciRlRred eremnthasgeregionsnda epsdepleted of

connecti on. Thirarg@Céariiéss 'Ry drderbtasgeniave! b6t lidepitiGmductor
| ayer is depleted of charge carriers up to the layer, surface, along a path
whi ch 20 extends between the heavily doped region and the second
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and the | ayer the wulsdtidee ! remts shrawback dsmasdided with an arrangement
' according to European Patent Application No. A1-0,418,737,
which describes transistors on a common substrate that are
dielectrically isolated from one another. A surface of a
15 semiconductor substrate is oxidized to form an isolating layer
on which a relatively thin wafer of epitaxial semiconductor
material is mounted. This epitaxial wafer has etched therein
grooves which extend down to the isolating layer. The side
surfaces of the grooves are oxidized and the grooves filled
20 with polycrystalline semiconductive material. Components are
formed in the dielectrically isolated, box-like regions thus
formed. These components have an external connection which is
connected to a heavily doped connecting layer beneath respec-
tive components on the box bottom, in direct abutment with the
25 isolating oxide layer.

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
produced by repeatedly etching the substrate and coating with
30 semiconductor material. The dielectric isolation is comprised
of oxidized semiconductor material. The regions have a weakly
doped area in which the actual compon-ent is formed and a
heavily doped connection layer which is located beneath said



an el evated dopi ng concentration. It is therefore difficult 4 to fully
deplete this layer of charge carriers and an isolated electrode is placed
pver those regions to be depleted of chargg carriers. in order to achieve
total depletion. In the case of the two afdresaid U S. patent
specifications 5 and the European patent application, the transistor is
connected to the sem conductor substrate of the device through the

af oresai d PN- pefipbonemt THRA! A ShEaihStUtHd i@ ledit¥idallybyishritin
heavi I'y doped rggl ons whi ch have reverse- biased PN-juncti ons One dr awback

with the thuslB¥P¥mited 10 transistors is that they take up a |arge amount
of space in the substrate Thi s drawback is avoided with an arrangenent

according to ropgan t tio 0,418,.7 l.ch descri bes
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electrical connection therebetween can be broken with the aid
10 of a gate in the surface of said region. The anode and the
cathode have a type of doping which is opposite to the type of
doping of the isolated region. The regions around the anode
and the cathode can be depleted of charge carriers in accor-
dance with the resurf technique, by applying appropriate
15 voltages to the switch, which thereby becomes highly resistive
in its cut-off state.

DISCLOSURE OF THE INVENTION

In accordance with the invention, this patent document
pertains to an application of the known resurf technique in an
20 electrically delimited component region for a class of
components that differ from earlier disclosed classes of
components in corresponding delimited regions. More specifi-
cally, the invention includes a bipolar transistor connected
in series with a field effect transistor. This transistor
25 arrangement is formed in a component region which has a
dielectrically isolated layer at its bottom surface. The bipo~
lar transistor has a base region which extends downwardly from
the upper surface of the component region. A PN-junction
between the base region and the component region delimits said
30 base region and can be reverse biased so that a region between
the base region and the dielectrically isolating layer is
depleted of charge carriers. This depletion occurs at a
collector voltage of some few volts and can be readily



tonnected to a heavily doped connecting | ayer beneath respec- tive
conpoenents on the box bottom in direct abutnent with the 25 isolating

oxi de | ayer. The European Patent Applicatiog No. A2-0, 391, 056 descri bes an
altérnative nmethod of forming a sem conductor substrate with dielectrically
I sol ated regions. The isolated regions are produced by repeatedly etching
the substrate and coating with 30 sem conductor material. The dielectric
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10 which is unexpected in view of the fact that the device lacks

a highly doped collector region beneath the base region. The
characteristics of the transistor device are also in good

accord with corresponding earlier known characteristics. The

inventive transistor device is significantly thinner than

15 corresponding known devices and takes up a much smaller area

on its semiconductor substrate than these earlier known

LZ.'LD

devices.

The invention is characterized by the features set forth in
the following Claims.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail with
reference to exemplifying embodiments thereof and also with
reference to the accompanying drawings, in which
Figure 1 1is a cross-sectional view of a bipolar transistor
25 and a field effect transistor;
Figure 2 is a cross-sectional view showing field lines of
the transistors illustrated in Figqure 1;
Figure 3 is a schematic illustration of the transistors in
Figures 1 and 2; '
30 Figure 4 is a schematic illustration of two series~connected
transistors;
Figure 5 is a cross-sectional view of the transistors in
Figure 4;



rand. the cathode can be depleted of charge carriers in accor- dance with the
resurf technique, by applying appropriate 15 voltages to the switch, which
t her eby becones highly resistive inits cug—off state. DI SCLOSURE OF THE

«| NVENTI ON I n accordance with the invention, this pat'ent docunent pertains
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10 Figures 11 to 14 are cross-sectional views illustrating the

different stages of manufacture of the transistors
shown in Figure 1.

BEST MODE OF CARRYING OUT THE INVENTION

Figure 1 is a cross-sectional view of an inventive bipolar NPN
15 transistor BIP1 which is connected in series to a field effect
transistor JFET1. A semiconductor substrate 1, in this case a
silicon substrate, has an upper surface which is oxidized to
form an electrically isolating silicon-dioxide layer 2. A
relatively thin wafer 3 of monocrystalline silicon is mounted
20 on the upper layer 2, this wafer being the active layer of the
transistor device BIP1 and JFET1. The active layer has a
relatively low concentration of negative charge carriers,
referenced n in the Figure. The monocrystalline wafer 3 has a
thickness Al which in the case of the illustrated embodimeni:
25 is equal to 4 um. A component region 4 is delimited against
surrounding parts 4a and 4b in the wafer 3, by means of a
separation layer 5 comprised of silicon dioxide and polycrys-
talline silicon. The separation layer 5 extends from the
surface of the monocrystalline wafer 3 down to the isolating
30 layer 2 and fully surrounds the transistors BIP1 and JFET1.
The component region 4 is hereby totally isolated electrically
from the substrate 1 and the surrounding parts 4a and 4b of
the monocrystalline wafer 3.



fs significantly much thinner than in the case of known bi pol ar
transistors. Despite the thinness of this region 5 beneath the base region,
the transistor device is able to withstand high voltages due to the fact
that the voltage is taken-up laterally by the conponent region beneath the
charge carrier depleted base region. The transistor device has a series
resi stance which is normal for bipolar transistors, 10 which is unexpected
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transi ston® i thd gpase lcamtedtion Bl and a source region S1 of said

transistor is common with the collector region K1 of the

L ] + [} -
transistor BIP1. A heavily n doped region D1 forms the drain
connection of the transistor JFET1.

The component region 4 is covered by a silicon-dioxide

15 isolating layer 6, which is provided with openings 7 for
external electrical connections 8. These connections are
connected to respective connection regions Bl of the base, the
emitter El1 and the drain région D1. The configuration of such
external electrical connections is well known and the connec-

20 tions have not been shown in detail in Figure 1 S0 as not to
complicate the Figure unnecessarily.

Figure 3 is a schematic illustration of the series-connected
transistors BIPl1 and JFET1. The base connection Bl is con-
nected to the gate connection G1 and the collector K1 is

25 connected to the source region S1. Each of the base connection
Bl, the emitter El and the drain connection D1 has one of the
external connections 8.

In a typical operational case, the transistors BIP1 and JFET1
are connected to the following voltages':
30 Drain voltage VD = +70 V
= 0 V (earth)

Emitter voltage VE
Base and gate voltage VB = 0.6 V



t30 . Figure 4 is a schematic illustration of two series-connected
transistors; Figure 5 is a cross-sectional view of the transistors in

Fi gure 4; 7 Figure 6 is a viewof the fgransistors in Figure 5 from
*above; Figure 7 is a cross-sectional view showing field |lines relating to
the transistors in Figure 4; Figure 8 is a viewshowing field lines
relating to the tran- 5 sistors in Figure 4, as seen from above;

Figure 9 il utd ¥r@hsd stior s&mvnhéaa@mh@hwlw stat tife bbetomasarsace

d Fi
device 10 FIOUE o Sl ol stufAGH (4 LAY SR oGS o5
14 are cross- sHamdrgematarrtessi linusartyphcal hmadn’ei:'ertémm&bagdte ovoltages

manufact ure Ofﬁ-ﬁlﬁe dd AN3hS AU SoS DAL | P4 Ehg‘&x‘é {g@' Wa%egib%%wﬁﬁw

THE | NVENTI ON Ure 1 is a cross-secti onal view of_an inventive bi pol
NPN 15 tr@nsulwzweem PthehiRif-junebiorcBe@nt thei dealatdng claverr «?Ct

transistor JF&ih 2y wery Cﬂagmord&;s&@taﬁaealsd Midi & GRS VElY CoBall
substrate, has an upper” surfacé is oxidized to forrglan. el tr| ally

i sol ating sil itdokckness dB2| gyed #m-AThe ANt FRIFONLPEL 3% therefore
monocrystal | i el dtéd®idf ThEltgd @Arriers and a large part of the electric

voltage between the base region B and the drain region D1 is

10 distributed over a relatively long path L. As a result, an
electric field strength ED in the depletion region DP1 assumes
a low value, all in accordance with the resurf technique as
presented in the two aforesaid references "High Voltage Thin
Layer Devices" by J.A. Appels and H.M.J. Vaes, and "Thin Layer

15 High-Voltage Devices" by J.A. Appels, et al. The field
strength in the region DP1 can be kept beneath the critical
field strength E _— of the silicon, which is about 3- 105 Vv/cnm,
preventing a surge of current I in this region.

It should be carefully noted that the entire region DP1 in the
20 inventive transistor BIP1, right down to the isolating layer
2, is comprised of weakly doped material which is easily
depleted of charge carriers. Many known transistors include
a highly doped layer placed beneath the base region of the
transistor, a so-called buried layer, in distinction to the
25 aforeéaid, and there is a long distance between the PN-
junction of the base region and this highly doped layer, so
that the known transistor is able to withstand high voltages.
A corresponding highly doped layei'__ would completely destroy
the resurf effect in the inventive transistor device BIP1 and
30 JFET1 in Figure 1. A highly doped layer is difficult to
deplete of charge carriers and the electrical field strength
of such a contemplated layer would reach the breakdown field
strength E CR at a relatively low voltage between the drain
region D1 and the enmitter El. The region D1 is depleted of

35 charge carriers at a drain voltage VD of only some few volts.



20 on the upper layer 2, this wafer being the active layer of the
transistor device BlIP1l and JFET1. The active |ayer has a relatively | ow
concentration of negative charge carriers, jpeferenced n in the Figure. The
nmonocrystalline wafer 3 has a thickness Al which in the case of the

il lustrated enbodinent 25 is equal to 4 [err]m A conponent region 4 is
delimted agai nst surrounding parts 4a and 4b in the wafer 3, by neans of a
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t ransi st oA0) FERspectiverurves and has been given in the unit volt/cm, so
that, for instance, the field strength along the curve
farthest to the left in the Figure has the value 0.5- 105 V/cn.
The field strengths appear when the component is connected to
the aforesaid operational voltages. The curve family C is
15 based on an arithmetic model which experience has shown to
produce very precise values. It will be seen that the electri-
cal field strength in the depletion region DPl1l is low, so as
to prevent surging of the current I. It will also be seen that
the electrical field ED has a relatively high field strength
20 at the surface of the component region 4, in the vicinity of
the isolating layer 6. At normal voltages of the transistors
BIP1 and JFET1, practically no current will flow in this part
of the component region 4 and neither will current surges
occur. However, the relatively high field strength limits the
25 voltages that can be applied to the transistor device BIP1 and
JFET1.

In the case of the Figure 1 embodiment, the component region
4 is surrounded by the separation layer 5, which is dielectri-
cally isolating. In the case of an alternative embodiment, the
30 separation layer is comprised of a heavily and positively p+-
doped region which surrounds the component region 4 and
extends from the surface of the monocrystalline layer 3 down
to the dielectrically isolating layer 2. The separation layer
has a PN-junction to which a reversed voltage is applied so as



10 the base connection Bl and a source region Sl of said transistor is
common with the collector region KL of the transistor BIP1. A heavily n
doped region D1 forns the drain connection of the transistor JFET1. The
conponent region 4 is covered by a silicon- Y oxi de 15 isol ati ng | ayer 6,
which is provided wth openings 7 for external electrical connections 8.
These connections are connected to respective connection regions Bl of the

base, {he e gy ogls Ak ife Udibriditt YedTon W% FO0E LU PY Oheinsticthe

external electric connections 1's nomn an connec- t1ons
have not been SN&XPUNding Partsn4pi audab. so as not to conplicate the
Fi.gure unnecessarily:. Figure 3 is a schematic illustration of the

i es- ted t t Bl P d JFET1 ti Bl -
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t he source regdescribdheithf relferbnse toFianired BEigure snanteFidqiransl
oper at | onal ScaEa DR, % 1 1P PSS solfedi ity SCRIEETof Erdne i Befy STHS ™
foI | owi ng vol twbdsh 3 dcrrnected t iyesefies| to a7Eiel@riefifect dtransistorr]

= 0 V (earth) BaggaAnrts-aHlilA%s W% has Qrl Shittetr E2 and a base B2

which is connected to a gate G2 of the field effect transistor

JFET2. This transistor has a drain connection D2 and also a

10 source connection S2, which is connected to a collector K2 of

the transistor BIP2. ’

Figure 5 is a cross-~sectional view of one embodiment of the
transistors BIP2 and JFET2. The cross-section is taken on the
line A-A in Figure 6. The upper surface of a silicon substrate
15 21 is oxidized to form an isolating layer 22, and a weakly n-
doped monocrystalline wafer 23 is mounted on the layer 22. The
wafer 23 has a thickness of 4 uym, similar to the earlier em~
bodiment. A component region 24 is delimited in the monocrys-
talline wafer 23 by a separation layer 25 which surrounds the
20 component region 24. The separation layer is comprised of
trenches in the mono-crystalline wafer 23, the sides of which
are oxidized to form electrically insulating layers and the
remainder of the trenches is filled with polycrystalline
silicon. The component region 24 is hereby isolated electri-~
25 cally from surrounding parts 24a and 24b of the monocrystal-
line wafer 23. The bipolar transistor BIP2 and the field
effect transistor JFET2 are arranged in the component region
24. In order not to complicate the Figure unnecessarily,
protective surface layers with openings for external connec-
30 tions 26 have not been shown in the Figure. The connections 26
are only shown schematically.

The transistor BIP2 has a base region B3 which is positively
p-doped relatively weakly and has a heavily positively p+-
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stahlebtgl wegimgeX2, as will be descrlbed in more detail
herebelow.

The gate connection G2 of the transistor JFET2 is common with
the base connection B2. The active gate itself is comprised of
two p-doped regions G3 which project out from the base region
B3 in the form of bifurcate projections which extend along the
sides of the separation layer 25. The configuration of the
gate region is shown more clearly in Figure 6, which illus-
trates the transistors BIP2 and JFET2 from above. Figure 5
illustrates the gate region G3 in broken lines. The case of
the illustrated embodiment, the bifurcate projections G3
‘extend down into the component region 24 to the same depth as
the base region B3, but may extend right down to the isolating
layer 22. The source region S2 of the transistor JFET2 is
common with the collector region K2 of the .transistor BIP2.
The drain connection D2 of the transistor JFET2 is comprised
of a heavily and negatively n+-doped region.

Figure 6 illustrates the different regions of the transistors
BIP2 and JFET2 from above. The component region 24 is comple-

tely surrounded by the separation layer 25 and the base region .

B3 extends transversely across the elongated component region
in one end of said region. The base connection B2 and the
emitter connection E2 are comprised of elongated regions which



=A correspondi ng highly doped | ayer woul d conpletely destroy the resurf
effect in the inventive transistor device BIP1L and 30 JFET1 in Figure 1. A
_hi.ghly doped layer is difficult to deplete-pf charge carriers and the
‘electrical field strength of such a conterrp:fat ed | ayer would reach the
breakdown field strength E[err] at a relatively |ow voltage between the
drain region D1 and the emtter E1. The region D1 is depleted of 35 charge
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based on B0 aihtthetprojesteiondics) sepes tenimprerse thewelectrical contact
with these projections. Although the projections G3 of the
illustrated embodiment are shown to have uniform thickness,
it will be understood that they may have some other form and
may, for instance, be Y-shaped as illustrated by the chain

15 1line L1 in the Figure.

The electrical field and the depletion regions in the conm-
ponent region 24 will be described briefly with reference to
Figure 7 and Figure 8. These Figures illustrates parts of
Figure 5 and 6 in larger scale. The region DP2, which is a
20 depletionregion, is shown adjacent the PN-junction 29 beneath
the base region B3. A corresponding depletion region DP1 of
the transistor BIP1 has been described in closer detail with
reference to Figures 1 and 2. The field effect transistor
JFET2 has a depletion region DP3 which extends between the
25 projections G3, as shown by a broken defining line. The
defining line of the region DP3 can be displaced by appro-
priate selection of the voltages applied to the connections 26
of the transistor JFET2. At the line A-A, this displacement
takes place in a direction indicated by a double-headed arrow
30 PO. The depletion region DP3 extends partly into the projec-
tions G3, as shown in the Figure at the ends of the
projections. It should be noted that both gate projections G3
'of the field effect transistor JFET2 extend from the surface
of the component region 24 downwardly into said region.
35 Similarly, the depletion region DP3 extends downwardly from



produce very precise values. It will be seen that the electri- cal field
strength in the depletion region DP1 is |ow, so as to prevent surging of
the current |. It will also be seen that thg electrical field E[err] has a
relatively high field strength 20 at the surface of the conponent region
4, in the vicinity of the isolating |ayer 6. At nornmal voltages of the
transistors BIP1 and JFET1, practically no current will flowin this part
of the corrponeme rsngrﬁacé offd thel Td"dil{pdhédt Qted o, snugeélectﬁicatlomuea,
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schemat i cabl y thebiquutve €2 dvess heen Bikdwn in order not to complicate the
Figure unnecessarily. It will be seen from Figure 7 that the
field strength is low, both in the depletion region DP2
beneath the transistor BIP2 and between the projections G3.
The curve C2 in Figure 8 discloses the electrical field

15 strength on the surface of the compbnent region 24. The

illustrated curve C2 is based on appraisals of the field
strength, since it is difficult to take reliable measurements
and because a reliable arithmetical model is at present
lacking for the embodiment illustrated in Figure 5-8.

20 The relatively high field strength 2.5- 1_05 V/cm at the edge of
the base region B in Figure 2 is avoided in the inventive
embodiment ‘illustrated in Figures 5 and 6. This means that the
series-connected transistors BIP2 and JFET2 provide a

~ component which is able to withstand very high voltages. The

25 alternative embodiment which includes the Y-shaped projec-
tions G3 in Figure 6 improves voltage durability still fur-
ther, because the ends of these projections can be readily
depleted of charge carriers. The series resistance of the
transistor device between the source region S2 and the drain

30 connection D2 can be kept low, because the distance between
the projections G3 widens successively towards the drain
connection.

Certain data related to the transistor device BIP1 and JFET1
illustrated in Figures 1 and 2 will be explained in more
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which is ideal from a signal processing aspect. It will be
noted that the thinner the monocrystalline wafer 3, the closer
the characteristics of the transistor device approach the

desired ideal curve u.

Figure 10 is a diagram in which the voltage VB in volts is
given on the abscissa and a normalized current value in ampere
is given on the ordinate. A full line curve IC shows how the
aforesaid current I varies with the voltage V_ at a drain

B
voltage V. of 7.5 volts. It will be noted that the current

curve fOrDa corresponding transistor of earlier known con-
struction is in such good accord with the current curve of the
inventive transistor that the two curves can hardly be
distinguished from one another in the diagram. A difference
which results in the inventive transistor producing a slightly
lower current will only occur when voltages VB lie beneath
0.20 volt. A full line curve IB1l illustrates a base current
for the inventive transistor BIP1 and a broken line curve IBO
illustrates the base current for the known transistor just

mentioned.

As before mentioned, the inventive transistor BIP1 is formed
in the wafer 3 of thickness Al = 4 u, which shall be compared
with the aforesaid known transistor which is formed in a
monocrystalline wafer of thickness 25 pm. The known transistor



p-doped relatively weakly and has a heavily positively p[err] - 12 doped
connection region B2. The emtter E2 of the transistor BIP2 is |located in
the base region B3 and is heavily n -dopedigThe base regi on B3 extends from
the upper surface of the conponent region 24 down to a PN-junction 29 at

t he underside 5 of the base region B3. Located between the PN-junction 29
and the isolating layer 22 is a region DP2 which is uninfluenced by the
dopi ng of thehlassa rmwmyTuepedl lageer bengath KZsofbases x:tegm:n sdixd Chée?2
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10 fore delimited by separation layers comprised of deep and

heavily doped diffusions, which are space-demanding. This
means that the known transistor will take up large surface
areas on its monocrystalline layer.

The manner in which the aforesaid components are produced will
15 now be described briefly with reference to Figures 11-14. The
starting material is a so-called bonded wafer, comprising the
silicon substrate 1, the isolating oxide layer 2 and the
monocrystalline silicon wafer 3, as illustrated in Figure 11.
Such a bonded wafer may be produced, for instance, in the
20 manner described in the aforecited European Patent Appli-
cation No. A1-0,418,737 and is available commercially. The
upper surface of the wafer 3 is coated with a photoresist
layer 31, which is exposed in a predetermined pattern and
developed to produce openings 32 in the layer 31. Deep
25 trenches 33 are plasma etched through these openings, down to
the isolating layer 2, and the photoresist layer 31 is
removed. The sides of the trenches are oxidized to form
silicon dioxide layers 34, and the remainders of the trenches
33 are filled with polycrystalline silicon 35, as shown in
30 Figure 12. The component region 4 is delimited in this way.
The wafer 3 is coated with a new photoresist mask 36 having an
opening 37. Doping with positive doping material is effected
through this opening, so as to obtain the base region B
according to Figure 13. The mask 36 is removed and a further
35 photoresist mask 38 is applied, this mask having openings 39



extend down into the conponent region 24 to the sanme depth as the base
regi on B3, but nay extend right down to the isolating 25 |ayer 22. The
source region S2 of the transistor JFET2 ii7connon with the collector
Tegion K2 of the transistor BIP2. The draifn‘connection D2 of the transistor
JFET2 is conprised of a heavily and negatively n -doped region. Figure 6
illustrates the different regions of the transistors 30 BIP2 and JFET2

from above. Thg,e e asg' g Sf the eﬂgehsr EChRaSthé @fcbxnataemn
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the proj egdi onayer . The mask 40 is removed and the component is provided

with external connections and protective layers, not shown in
‘the drawings.

In the aforegoing, the bipolar transistor BIP1 has been
described connected in series with the field effect transistor -

15 JFET1, and a method of producing these transistors. The base
region B3 of the transistors BIP2 and JFET2 and the projec-
tions G3 of said base region can be produced simply by
changing the configui'ation of the opening 37 in the mask 36.
The illustrated bipolar transistors BIP1 and BIP2 are NPN

20 transistors, although it will be understood that the scope of
the invention also embraces PNP transistors.

It was mentioned in the introduction that large field
strengths may also occur in components intended for cal-
culating or computing circuits that are connected to voltages
25 in the order of 3 to 5 volts. These components are extremely
' rapid and contain high concentrations of doping substances and
are small in size. For instance, these components have a
thickness, corresponding to the distance A1 in Figure 1, in
the order of only about 0.5 um. The invention can also be ap-
30 plied to these components, which have a high connecting
voltage in relation to their size. It can be mentioned that in
the case of these thin components, the aforesaid separation
layer 5 can be replaced by a layer produced by so-called local



:illustrated enbodi rent are shown to have uniformthickness, it wll be
under st ood that they may have.sone other formand may, for instance, be
Y-shaped as illustrated by the chain 15 liyge L1 in the Figure. The
“electrical field and the depletion regions in the com ponent region 24
wi |l be described briefly with reference to Figure 7 and Figure 8. These
Figures illustrates parts of Figure 5 and 6 in |larger scale. The region
DP2, which isogid@zdefbeat (ROCOSYi,0which $hocavrelhtieely tdimple jisedatdor9
beneat h the base r gi on B3. A correspondi ng depletion region DP1 of the
transi stor Blﬂoﬁﬁg h&&n described in closer detail with reference to
Figures 1 and 2. The field effect transistor JFET2 has a depletion region

DP3 whi ch ext Wag{ t j i ) byignbrgidkgton
defining Ii ne.ﬁﬂﬁ'ﬁgagie‘fi nin iﬁgnétg?ﬂt E‘ggr (eﬁb%fe Dﬁgﬁ%gﬂpﬁ? dlwé I aceifi uflé'y
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the transist opagEEId1sAl s8R dd GRrfrahiuinbf ¢t 1wt arsenidelenapl bemsed a
di rection indicat _dg, bg a %gfbl e- headed arrow 30 PO. The depl etion region
DP3 ext ends p‘é‘iﬂ‘Pg ¥ntd Y&+ projec- tions G3, as shown in the Figure at the
ends of the projections. It should be noted that both gate projections G3
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depl eti on r egaddiblenckocthisiriowaitags dunadhlity. By applying the resurf
technique in the aforedescribed manner, the applied voltage
10 is distributed over a large part of the component. Conse-
quently, the component need only occupy a relatively small
surface area of the substrate, as described above. In ad-
dition, the components may advantageously be made thin, which
enables the components to be isolated laterally with the
15 illustrated dielectrical separation layers 5 and 25 respec-
tively. This results in a further reduction in the space
required on the substrate. When practicing the invention, the
requisite surface area of a semiconductor substrate which is
to carry a specific number of components can be at least
20 halved in comparison with earlier known techniques. This is
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
25 produced easily, since they are formed in a finished monocrys-
talline semiconductor layer and since their form is determined

by selection of photoresist masks.




14 t'he surface of the conponent region. The electrical field strength in
the tonponent region is described by a curve C2. A di gltal value 1 10 '

denotés the electrical field strength alonggthe curve |3Mﬂmmﬂu‘"
applies to the blocking state 5 of the transistor devi ma
E2 and the base connection B2 are earthed and the drain conrfectioh D2 i%s
connected to a voltage of +100 V. The electrical field strength can be
illustrated nore accurately with a curvechaxMgy sinmlar to that illustrated
in Fi gure 2, although only 10 the curve C2 has been shown in order not to

conplicate the Fi gure unnecessarily. It will be seen fromFigure 7 that the
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10[err] Vicm at on@ﬂﬂﬁuem‘t trbqlbﬁsueemprbﬁ seniddidurctby matediidad cag~t he

i nventive enbodi ustrate n_Fi re Thi s neans that the
sort es. bonnectotAd By it crRicenddetod el 2l havind oh, RBAF BFEAces
able to w t hstwhniicl eregihom i s/ eleadklys dopled Qithaatﬁimlt@ermﬂdpiedngch

i ncl udes the \(T%t_?pgglprm ec- tions G3 in Figure 6 inproves voltage
i

durablllty st ur -
- a dielectric isolating layer (2; 22) which delimits a lower

surface of the component region (4; 24) from the semiconductor

body;

- an electrically delimiting separation layer (5; 10; 25)
15 which extends along the remaining surfaces of the component

region (4; 24) that border on the semiconductor body (1,2,4a;

21, 22, 24a, 24b); :

- a sunken region (B; B3, G3) in the component region (4; 24)

that has a relatively low concentration of a second type (p)
20 of doping material which is opposite to the first type of

doping material, wherein the sunken region extends from the

upper surface of the component region;

-~ a PN-junction (9; 29) at the surface of the sunken region

that delimits said region from a remaining part of the
25 component region;

- at least one semiconductor component (BIP1l, JFET1; BIP2;

JFET2) in the component region (4; 24); and

- at least two electrical connections (8; 26) in the compo-

nent region (4; 24), wherein the regions of reduced electrical
30 field strength (DP1; DP2, DP3) are ldepleted of charge carriers .

by electrical voltages (Vg, Vg, Vp) applied to the electrical

connections (8; 26) and a first of the charge carrier depleted

regions (DP1l; DP2) extends from the PN-junction (9; 29) to

the dielectric isolating layer (2; 22), at least beneath a
35 part of the sunken region (B; B3, G3). ’



-ther, because the ends of these projections can be readily depleted of. . ..
charge carriers. The series resistance of the transi.stor—device between the

source region S2 and the drain 30 connectﬂépn D2 can be _ “ﬂmﬁﬁm
-t he di stance between the projections G3 wi dens successi v\qm‘\“mm .
drain connection. Certain data related to the transistor eevéce BMP1°and

JFET1 illustrated in Figures 1 and 2 wll be explained in nore 15 detail

with reference hroaht @icet 8 Aand z1@ andirt@madr i sons with known transistors
wil'l also be made. Fiqure 9.is_a diagram.in whigh.the drain valtage \Verr]
M Vol ts i grvethe PeiiconiFess Sbatansh dheidge,s Bisefay ittt
expressed in BIP1;5BOP2pwhich lis connected ih serliesitw acsecend[semicon-

di scl oses the C .St Wt i.sjor device shown in the

Fi gures, thi sdflrgg?l’gi égg‘bghg\%%cg&g}é:?g .‘*@r&?crée)d' in the nonocrystalline wafer 3
of thickneSs Al in Ahadr the senkenredion dncludes 8 hase regiors (BérB}) of
illustrate chapach gbi&fcérﬁ s g@gfi?ﬁsld%\ii s formed in 10

monocrystal line warers of thicknesses 4. 5 an ‘om respec- tjvely. A broken
line curve [efrr]in thas: thedsase gagian £Bi B3k syrrownds apcemitter regiomal

processing asppg}. ERY whlhikbhbésnpeadilipadopéd tﬁTﬁrk@Itﬁ heheoresty yilé ioke
wafer 3, the gloser ”;;ﬁ‘{;gacte 'L Sonflctdf £530R55562 1/ e AW R
the 15 desir88PtHga™ Fang.
10 connections (8; 26);
- in that the base region (B; B3) has a base connection region
(B1; B2) which is heavily doped (p+) with the second type of
doping material and which is connected to another of the
electrical connections
15 (8; 26);
- in that the base connection region (Bl; B2) includes a
connection region (Gl; G2) for the second, series-connected
component (JFET1; JFET2); and
- in that the second semiconductor component (JFET1; JFET2)
20 has a heavily doped (n+) connection region (D1; D2) in the
said remaining part of the component region (4; 24) with a
third of the electrical connections (8; 26),
such that the electrical field strength (ED) in the first
depleted region (DIP1l; DP2) lies beneath a breakdown field
25 strength (E CR) for the semiconductor material.

2. A semiconductor device according toClaim1l, charac-

terized in that the second semiconductor component

(JFET1; JFET2) is a field effect transistor, wherein the

connection region (D1; D2) of said transistor is doped with
30 doping material of said first type (n).

3. A semiconductor device according to Claim 1 or 2, in which
the separation layer (25) has two mutually opposing di-
electrically isolating walls on opposite sides of the
component region (24), characterized in that



-Figure 10 is a diagramin which the voltage V[err] in volts is-given ‘on the
“abscissa and a nornalized current value in anpere is given on at e.
A full line curve |IC shows how the aforesaig current: I“ “ﬁﬁ“ \mv
"voltage V[err] at a drain 20 voltage VD of 7.5 volts mot &d
that the current curve for a corresponding transistor of earlier known con-

struction is in such good accord with the current curve of the inventive
transi stor that tige tsunicen teiyicanhasr tiry ﬁm;ﬁcﬁid@i(&hédwﬁioMeerMdmer

e 1o g LGN o (1) 0 e O Sl
beneath 0.20 voft.thef dielécerically | Bsalating asesaaataage clayent § vthe
i nventive trangy Feddil %Piﬁke&halfdlf‘-eéh\/ﬁﬂ 8 Ueh:éatfegfénér@

current for the %nown %r ansi stor just ment | oned. bef ore nenti oib‘?s
the ‘i nventi%e exkeods: betrgeen FBefB??rRF'ﬂP’?-ﬁe(%f'er 3 of thickness Al = 4
[err], which shall be conpared with the aforesaid known transistor which is
forrredlnam)nocr stal,llne fer of .thicknes 5]e

transi st or sseé“’rfé%ﬂﬂ‘r %M*@@F%ﬁﬁé&?h{?t §%§'r e'grri})\r%n’é.n% She

di stance bet weﬁnet ht siwaf & d&nd mha:tiaa'sa:l'reagemds obf t hhet panojestdoms nfE3) be
suffrcrentlylar e.in order t o r v r UGNy RS

the rel ativel y
than the other ends of said projections.



5 the nonocrystalline layer is a necessity, although it repre- sents a
seri eus drawback. In the case of present techniques, it is not possible to
produce dielectrically isolating separation ayers corresponding to the

Fayer 5 in excesswel t'hi ck_nono-crystalli ne Iaize\rs The known transi stor
i s there- @“@W%% B Ee i Pa TR Bh ACRIE: SAESWETH 8GR BRER%ED and

heavi | y doped WNJW@A@E whi ch are space-denandi ng. This nmeans that the
known transistor will take up |arge surf aggrpae#s on its nmonocrystalline

| ayer.” The manner in which the aforesaid conponents are produced will 15
now be described briefly wwth reference to Figures 11-14. The starting
-material is a fo-sddlicoh lsubdtrataf 1) cappiesi ag iswlating eildicohn ddbxitle

st rareu T el oFAEndacR s DS TUATE VAR BRa bl BERAHRY Pl aBec
i nstance, in tmomRErystaklinessilbeonivater (@f)orécd:@wr&nt)miqrat(dr)t is
Appli- catign Wa]fﬂl@e&lﬁ, 7€h7e§&\£limf ﬁ@/a# A AAHEG! %5)”‘3 E@PS&ar

surface of the IS coate

ot or esl st 3
exposed i n a pra@nsistordBIRl)ein mcemneaw?w?ﬁ)ée&c% rosdHive 3 4pn
the layer 31. RfiedPadd eaglion @3) &ﬂ?iéﬁ amtﬁe@\adxéav anahpaeltively

opent 165, Soun, b Pt d Lty T8 RS RN b iGhesbebls
| ayers 34, and (khe) réopéddend ttert (EXY enThestdanaistédr! |((BAPA)t has a PN-
7O YCTEt bl PO, 3y o S Ml O e g BB TB a0
mask 36 having s@ries~-connected with a’ f1eld effect trans1stor (JFET1)
having a heavily and neqatively (n ) doped drain connection
(D1). The conmponent region (4) is weakly doped and the
distance from the PN~junction (9) to the silicon dioxide layer
15 (2) is small so that a region (DPl1l) will be readily depleted
of charge carriers when applying voltages (V B ' VD) to the
transistors (BIP1, JFET1). The voltages produce an electric
field (ED) of low electrical field strength in the depleted
region (DPl). This counteracts the breakthrough of a current
20 (I) between the base (B) and the drain connection (D1l). The
transistors (BIP1l, JFET1) withstand high voltages and require
only half the space on the substrate (1) required by cor-

responding earlier known transistors.

Figure 1 for publication together with the Abstract.



epening 37. Doping with positive doping material is effected through this
openi-ng, so as to obtain the base region B according to Figure 13. The nask
36 is renoved and a further 35 photoresist mask 38 is applied, this mask
having openi ngs 39 17 for negative doping of the emtter E1 and the
drain connection Dl1. The mask 38 is renoved and a new photoresist mask is
applied and the base connection Bl is heavvbﬁ and positively doped through
t he mask. This stage of manufacture has nd/fbeen 5 shown in the Fi gure.

This latter photoresist mask is re gil and %@Eurface of the wafer 3 is
oxi dized to formthe isolating sMg chVip i yer 6, Vps illustrated in
' > 0, hgu figppeni pgs, 41 through
%d_ { 2h BoBbed 6 fe [mask 40

Figure 14. This {ayer 6 s goaffed
s - A . 4 R . H
whi ch the connégti oh Ypeni ngs Hr 6
i s removed and ft he e i NN O Ry and
protective | ayq(s, ' g PAEEIN0 O 2
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20 _transistors, although it will be understood that the scope of the
invention also enbraces PNP transistors. It was nmentioned in the
introduction that large field strengths nay al so occur in conponents
intended for cal- culating or conputing circuits that are connected to
voltages 25 in the order of 3 to 5 volts. These conponents are extrenely
rapid and contain high concentrations of qﬁp%ng substances and are small in
size. For instance, these conponents have hi ckness, corresponding to the
distarcce Al in Figure 1, in the order of only about 0.5 [err]m The
invention can also be ap- 30 plied to these conponents, which have a high
connecting voltage in relation to their size. It can be nentioned that in
the cdse of these thin conponents, the aforesaid separation |ayer 5 can be
repl aced by a | ayer produced by so-called | ocal oxi di zati on (LOCQS),
which is a relatively sinple isol &8Pdn procedurg¢. Al though the invention
i fi ili i) will be understood that

r gallium arsenide, may
{nts provide severa
ity. By applying the resurf

ot her sem conductor 5 materials, suc
be used equally as well. Tigg i [
advantages in addition tqQ th

BIP 2

e

G2’f D2




-quently, the conponent need only occupy a relatively small surface area of
t he -substrate, as described above. In ad- dition, the conponents nay

.advant ageously be made thin, which enables the conponents to be isolated
laterally with the 15 illustrated dielectrical separation |layers 5 and 25
respec- tively. This results in a further reduction in the space required
on the substrate. When practicing the invegy?on, the requisite surface area
of a sem conductor substrate which is to ¢ y a specific nunber of
conpofients can be at | east 20 halved in conparison with earliery,known
techniques. This is particularlyBiRheficial in thald2e of, forjinstance,

sub- scriber [i 5 cir uité ign Q.t gl ephgne, sKat & i n jwhi.ch - %?sc &?er
has its own |iné3Birddt Eafot B&r [ad} 5 Bfe/atfor ded &P th %i verty ofiyT s
3 A i | dlip a

that the conponggts gan be

N

fini shed monocr s/ BA '
determ ned by sgl edz

senm conduct or devi @&
7

Q
D

sai d devi ce havi pg Ehs 7 .
reduced electri,alié o> 7 l 23
semi conduct or bbdyAA4 / ' / N
A R R Y 22
\./ &
DP2
- 21
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.- a conmponent region (4; 24) of sem conductor material car- ried by the
sem conduct or body and havi ng an upper surface, which region is weakly

doped with a first type (n) of doping 10 material; - a dielectric
“isolating layer (2; 22) which delimts a | ower surface of the conponent
region (4; 24) fromthe sem conductor body; - an electrically delimting

separation layer (5; 10; 25) 15 which4gfftends al ong the remaining surfaces
of the component region (4; 25. t hat border on the sem conductor body

(1, 2,74a; 21, 22, 24a, 24bBiIP2 o sunken region (B; B3JFEE2 in the conponent
region (4, 24) tMatEhaB3a fel a\] B2l G2l o 082entt0dti onfof a seB@ndytype (p)
t

20 of dopi ng matjerjal i gh i s} gpposite/to fhe Rirst {type of dopi hg
materi al, wher grr SRR RSORSY <o btTe ek pf the
conmponent regi ‘M t‘%‘@ 0// he ?/ Ken
regi on that delps{t ORI ON) 34T g p e 25 bnponent
region; - at |&Q P QnaNct Oy | . . P2; JFET2)
in the conponent 2 |0 conAfcti ons
(8; 26) in the 80 ‘ o i ' Aons” of/ r pduced
el ectrical 30 jfiNel Q® A\, P7 depl et gl Jof ghargg
carriers by el gEtPT AT poRt AR (L ort v e fed tofthe
el ectrical conng :ﬁ _;?/ aor'ge cafri erydepl et ed
regions (DPl; [RREFARES RS R R R RTRRERS s 0 R & A
! DP2 29 G3 !
! SECTION A-A |
21 22 24
Fig. 7
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-

the dielectric isolating layer (2; 22), at |east beneath a 35 part of the
sunken region (B; B3, &D). characteri zedinthat - the

sem conduct or conponents include a bipolar transistor (BIPl; BIP2) which is
connected in series to a second sem con- ductor conponent (JFET1l; JFET2); 5
- in that the sunken region includes a base region (B; B3) of the bipolar
transistor (BIP1;, BIP2); - in that the base region (B; B3) surrounds an
emtter region (E1;, E2) which is heavilygﬂe?ed (n) with the first type of
doping material and is connected to one he el ectrical 10 connections
(8; 26); - in that the base region (B; B3) has a base connection region
(Bl; B2) which is heavily doped (p ) with the second type of doping
matetial and which is c ected to another of the electrical connections 15
(8; 26); - in that'Pﬁ% ggﬁe connection region (Bl; B2) i{yﬂ' s a
connection region ((%0 2) for the second, series—cuonnec % nponent
(JFET1; JFET2); and h that the second s .fnnducLoL otrght (JFET1
JFET2) 20 has a heaV|I doped (n ) cg ction r X in the said
remai ni ng part of the cgnponent n (4; i [ 4ﬁ t he

el ectri cal connectifgﬁ 48;

1.40 -

1.30 + ; ; ' . —
0 2.0 4.0 6.0 80 100 VpV)

Fig. 9

(A) 41
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10-5
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Fig. 10
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. such that the electrical field strength (E[err]) in the first depleted
region (DI Pl; DP2) lies beneath a breakdown field 25 strength (E[err]) for
the sem conductor material. 2. A sem conductor device according to Claiml1,
c:har ac-teri zedinthat the second sem conductor conponent
(JFET1; JFET2) is a field effect transistor, wherein the connection region
(D1; D2) of said transistor is doped with 30 doping naterial of said first
type (n). 3. A sem conductor device according to Caiml or 2, in which the
separation |layer (25) has two nutualryﬁhﬂbosing di- electrically isolating
wal | s on opposite sides of the conponent region (24), char acteri z
e din that 21 - the sunken region has two projections (G3) which extend
in the conmponent region (24) along said nutually opposite walls of the
dielectrically isolating separation |ayer (25) wherein a second of the
charge-carrier depleted reggon DP3) 5 tends bet ween the projections
(G3). 4. A sem conduct or e accordi o Gaim3, charac-ter

z e din that t\\\\\\\{\\\\\\\\\ NN \\\\\:\\\\\*\\\\e\\\\\.e::\\\\\\\:e\\\\ .\\\\\\\\m. \\\\\\\\\\\\\\\\\\ base r egl on

(B3) have a gr y 2

O ections.
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