- SENSOR AND A METHOD OF MANUFACTURI NG SUCH A DEVI CE The present inventigq
relates to a sem conductor device having a pressure sensor, and to a
of nanufacturlng such a device. It can be expected that a sen1conductor
pressure 5 sensor’will have the advantagas of a small size, a lo a %L
~a kigh perforrmance, when conpared to other known pressure sensor dt by
Bourdon tube or a macSEMICONDPCTOBUPEVICESHAVENG| 8y PRESSURE| EENSOROne
exanpl e of a sem conductor pressure sensor is a silicon diaphragm 10 type.
pressure sensor. As sﬁﬂEnA|HEEHQDrQFlMANUFhSTHRINﬁnSHGHnA BE¥#fHgs, a
silicon diaphragmtype pressure sensor is forned. by a S|ngle crystal S
substrate (silicon chip) 1 have a relatively th|n or nenbrane portion 3
which is sufficiently 1 thin tq he deforned S|t|vely by .di f f.er ences
in pressure between the§§§%€5§§§#%'ﬁ5¥fqﬁﬁﬁﬁ t ‘?%&b ghééélconduc .%

ortiron

depressed porti Ocﬂe\?ldes h%rvc%{g? #%%f%%eqsqwe OSLéI’ .%e_elogf Jehe single

crystal Si substrate 1, an | resistors are ormed as

pi ezoresistive gl SR8 ng ighdhe dRtcesurface of the menbrane portion
3. The diffused resistors are connected together to forma bridge network,
and the electrical resisttanees Hf dxpedtesl Yt o hangeodei tdre pﬁ‘%@%ﬁd&@e
portion 3 is deforned by nmechanical notion or stress. Thus, the

sem conduct & 2sengoressiirle heares ched edeirtgyess ff @ elmedilr |saalel.ya $m1hca>st

silicon diaphragmtype pressure sensor can
and a high performance, when compared to other known °

i-]_- ' 2135509 A SEM CONDUCTOR DEVI CE HAVI NG A PRESS
wles

pressure sensors.such as a Bourdon tube or a mechanical

pressure sensor employing a bellows. One example of_'
.a semiconductor pressure sensor is a silicon diaphragm
10 type pressure sensor. _ |
As shown in'Figure 1 of the accompanying drawings,
a 5111con diaphragm tvype pressure sensor is formed by a
single crystal Sl substrate (5111con chip) 1 have a
relatively thin or membrane portion 3 which is sufficiently
15 thin.to be deformed sensitively by differences in pressure
" ' .between the spaces over and um#u:thisrma&nzme portion 3. A
depressed portion 2 is provided in a part of the rear
surface'of the single crystal Si substrate 1, and fonr
diffused resistors 4 are formed as piezoreSLStive elements
20 in the front surface of the membrane portion 3. The
diffused resistors are connected together to form a
bridge network, and the electrical resistances of the
resistors change when the membrane portion 3 is deformed
by mechanical motion or stress. Thus, the semiconductor
25 pressure sensor detects pressure electrically.

Such a silicon diaphragm type pressure sensor can



2- be manufactured by the followng steps. First of all, boron (B) is
diffused into parts of one surface (here- inafter referred to as the front
surface) of a single crystal Si substrate 1 having ,a thickness of
approxisagely 5 280 pm thereby to formthe diffused resistors 4. The.

ot her $ pce (hereinafter referred to as the rear surface) of the Si N
substrq§ 1 is ground to a mrror-like finish. Thereafter, as shown in )

Figure 27 the rear surface of the single crystal Si_.substrate_l i s T
subj ect edbeomapuiarssredpey &henifRd L iRdaftaPRal i Fdrstraff &ddn as

pot assi um hydr oxi de .(KQH).,. whereby a depressed portiqn 2 is forned and a
nenbr ane BSFPPong, 1&hgg)ﬁfiu§e§e§i"¥"8m%?r§ﬁp|°§xi°ﬁ§t é"l"v%ffe[e( 3 n '
t hi ckness, _iis _left i.n_th b-. _strat 1 f.Ql i ng.probl ens,
however, H&@gtﬁgeﬁerfgga_ge-% ?#’z_é-"(f tlg‘f/‘%t %é#r?v%r‘ﬁrofrageo)f ot-Ehh_g ﬁﬁégg\rgt i nventi on.
Wen the depeessedPAiaBad 9 navangederlidkridsd & idddrailimd:aform the
nmenbrane portion 3 uniformy and accurately to a thickness of approxi mately
20 25 [erpko gﬁc,l thiek 3% TROWSrn thied Wig fAsela e jaaeaEpanyi nthadr awi ngs the
etched Si surface, which corresponds to the nenbrane portion 3, is not flat
due to sughndrashatistead hiedfedingyt tiat reiferced and pat ithe md crurstaade def ect s
25 in the substrate 1. The etched surface has corrugations

of the Si substrate 1 is ground to a mirror-like finish.

.Thereafter, as shown in Figure 2, theiéar surface of
the singie crystal si subétréte.l is subjecﬁed to S LJ
10.5nisotfopic'étching wiﬁh an alkali etéﬁant'such és
potassium'hydroxide (KOH), whereby a depressed portion
2 is formed énd'a membrané.pértion.3, thch.is.aesirably
approximately 25 um in thickness, is left ih the sub-
sfrate 1. |
.15 | Tﬁe foilowing pfobiems, hbwevér; have been recog-
nized by the iﬁventors bf the present invention.
“ When the depressed portion 2 is etched:
(i) it is difficult to form the membrane portion
3 uﬁiformly énd accurately to a thickhess of apprbximately.
20 25'pm, and | “ ”
| (ii) as shown in Figure 2 of the accdmpaﬁying
dfawings the etchéd Si surfaée,.which.corresponés fo
« the membfane pértion 3; is not flat dﬁé to such draﬁbacks
as foreign métﬁef; contamination; and crystal defects
25 in the substrate.l. The'etched suffacé has corrﬁgations
| .5-which may héve an unevéhneés of approximately + 5 um.
_fhe cérrﬁgéﬁions 5_are.liké1y to cause strain'during
deformation dﬁe to pressure variétions, and it hés'thus

been difficult to manufacture pressure sensors of high



5 whi ch may have an unevenness of apprOX|nater + 5 pm The corrugations 5
are likely to cause strain during deformati on due to pressure variation
gnd it has.thus been difficult to manufacture pressure sensors of higpC
-3- sensitivity, with good reproducibility. A method of form ng the
menbrane portion 3 to an accurate thi'ckness is apparently disclosed int
Patight Specifi‘cati on No. 3,893, 228. AE%ordlng to that 5 specification, the
t hi ckness of the nenbrane portion is controlled by utilizing a p -type

epi taxi al | ayer ssnsatisticty ngvisthogeerd r@pmydywriibarl iant. | i terature, however,
does not disclose the flattening of the menbrane portion at all or does not
contai n any statenent sd@g}@%ﬁh%‘g ofp frming tdre memksaAng) pRFEH O & tténi ng.

It is believed-that the nethod of forming a sem conductaor pressure - sensor

taught in US 3, 8‘33 acarfte %WI%RW%‘?@ &4s549sed 11 YeFi-ng the
menbr ane ortio for t on st at b I s well known,
where a sgm' con 1'I‘ad'}t I‘%Fecia%a %?Oo’r ﬁe'g%o}rf]% s'emﬁ’?tﬁﬂf@étn@r ESTT hPrtat e by

epitaxial gro i f IFTs tr t .t hi ckness
dlor ection t he\r/\'!%e(k)%péﬁt é‘Ef[aiaé"’;‘lcé;lﬂ;e % h%c s>/nl E]étﬁctg&sgretédsbe %%%31 3, 228,
therefore, ther qwéan%l&@wwmzqh@ pTRIMRRN Ji& 4R i1t

concentration of the substrate "and that of the epltaX|aI sen1con uctor
as an etching stopper. Other prior art literature,

- however, does not disclose the flattening of the membrane

U poftion at all or does not contain any statement suggestive

10 of ways of achieving such flattening. It is believed |
that the method of forming a semicondﬁctor pressure
sensor taught in US 3,893,228 will have problems in
satisfactori1y flattening the membrane portion for the
reason stated below.

’15 ~ As is well known, where a semiconductor layer
has been formed on a semiconductor substrate by epitﬁxial
growth, it has a uniform'impurity concentration in the
thickness direction thereof. In the case of the technique
disclosed in US 3,893,228, therefore, there will be

20 an abrupt chanéé between the impurity concentration
of'the'substrate'and that of the epitaxial semiconductor
layer. As shown inIFigure 3a of the accompanying dréwings,
when the.rear surface of the substxéte 1 has been etched
causing an uneven surface (indicatcl b§ a dotted line)

25 until the epitaxial semiconductor layer EP is reached,
parts of the substrate 1 are left as prbtuberanceé 5
on the epitaxial'layér'EP. In order to remove the pro-
tuberances 5 complétely; the substrate i’must bé exposed

to an etchant for a predetermined time. During this time



| ayer. As shown in Figure 3a of the acconpanying draw ngs, when the rear
surface of the substrate 1 has been etched causing an uneven surface

(indicatgd-py a dotted Iine) 25 until the epitaxial sem conductor |ayer EP

is reachedd, Jparts of t.he substrate 1 are |eft as protuberances 5 on the

epi t axi ayer EP. In order to renove the pro- tuberances 5 conpletely,

t he substTtate 1 nust be exposed to an etchant for a predeterm ned tine. A
During this tine -4- the epitaxiaf4seni conductor |ayer EP is al so ’

etched, though at a rate l.ower than the etching rate of the protuberances
5. After the protuberances 5 have been conEIeteI renmoved, _the epitaxi al
sem conducths ena&gxugi|s¢mm99m§w9§°ﬁa4éyar P iggasancetched snbhpugh Fi gure

-3b of the acconpanyln drawi ngs., It diffi uIt t rean he_ruggedness —
conpletelyath%dﬁﬁ§% %3 Q%5a§9e §§ﬁi&8ﬁd5 8r°Fa§BF Eﬁp eﬁ?ﬁﬁ? orm

ot boms g+ SoRitdR | M Pt hndfla s nalle plERO BBRELOYEDY | PnGPes? |0

over cone o ate the prob n-uni f the

menbr ane pﬂ{é' sedsti esseuh o%xé&wrowa%}ggbn i3 Ebhal 88PR&YeOL the

i nventi on, con uctor device having a pressure sensor conprising a
sem C@ndUCf&&gém%'sélaaa NEhcwn T FRRAINRO Y of ther aceomplAyehg a plurality

of sem conductor 15 resistor |ayers connected together in a brldge net wor k

are prOV|d@ﬂhwtngsf|Istlsndfﬁﬁxcuﬁttﬁuanamdmeawbepwuggedpeaad a heavily

doped sem conductor layer is provided in a second
completely, because the epitaxial semlconductor layer EP

has -a uniform lmpurlty concentration as stated before. 'L;

- The present invention seeks to overcome or at least

10 ameliorate the problem of non-uniformity of the membrane

| portion. It does this by providing in a first aspect of
the invention, a semiconductor device having a.piesggre
sensor comprising a semiconductor body having a membrane .
portion therein,.wherein_a_plurelity'of semiconductor

15 resistor layers eonnected togeppe: in a bridge_petwo:k are
provided in a first surface of the membrane_portion, and a

heavily doped semiconductor layer is provided in a second

surface of the membrane portion opposite to the first e

surface, the heavily doped semiconductor leyer havigg a
20 concentration gradient in a direction eubstantially._

_ perpendicula; go the seeond surfece sneﬁ that the impurity
concentration increases in a direction away from the second
surface. _ _ _ |

The use of a heevily doped_laye:_with such an
25 impurity.gradient means that when the etchant (e.g. an
alka11 etchant) reaches the heavxly doped layer, the

'1mpur1ty gradlent of the heavily doped layer causes

<



surface of the nenbrane portion opposite to the first surface, the heavi | y
doped sem conduct or | ayer having a 20 concentration gradient in a
direction substantially perpendicular to the second surface such that_
| mpurity concentration increases in a direction away fromthe secong
surface. The use O0f a heavily doped layer with such an 25 inpurit
gradrent neans that when the etchant (e.g. an alkali etchant) reach
heavi ly doped | ayer, the inpurity gradient:ﬁ t he heavily doped | ayer
causes preferential etching of raised parts of the surface being etched,
t her eby snoot hi ng out unevenness in the etched surface and permtting a
nmenbrane portionpgkfereh@illt 8tEKDE§ Sof Or PEs T BLME .0f5 the surfack 8kEhgbly
the surface in ich the resistor layers are forned, and the surface which
i s etched are eaeltchadal khkrébyt smo¢tRig couts tmeydmess Tine thesietched! ayers
are desirably fornmed in the direction of the <110> axis and are connected

t oget her to formsarfecggeandepapmktt g oz rmemiprang inar tdfont [of mavifoxme
portion due to pressure difference across it causes changes in resistance
of the resistor [FRyEKBeREnER BRaBFREGVEte pressure to be sensed. The

STnol o orosal Cand ealrefalfelBleRe S A0Ed RN bt (Pl R [120ers
The heavily doped aygtmaRY Qﬁdaehgféﬂff%égf$ﬁ§%ﬁiféngyéhed'are each

parallel to the (100) crystal plaﬁe. The resistor layers

1,3 : are'desirably.formed'in the direction of the <110> axis and
are connected together to form a bridge ﬂetwdrk. Deform-

10 ation of the membrane portion due to éressure difference
across it causes changes in resistance of the resistor
layers hence enabling the pressure to be sensed.

The semiconductor body (including the substrate) may
bé an n-type silicon singlé crystal, ana‘each resistor

15 layer is a p-type diffused layer. The heavily doped layer
.'may be an n-type diffused layer.

A semiconductor active element (e.g. a part of an
integrated.circuit) may be formed in the semiconductor
substrate adjacent the pressure sensor. It has been found

20 that such an active element can co-exist with the pressure
sensor; although it is preferable to is&late the active
element from the sensor by forming isélation laYers between
the two. |

According to a second aépect of the inventioh there

25 is'provided_a method of mahufacturing a semiconductor
device having a pressure sensor, the method comprising

forming in a semiconductor body a heavily doped buried



A sem conductor active element (e.g. a part of an integrated circuit) may
be for4f in the.sem conductor substrate adjacent the pressure sensor. It

“has bgeg{pund 20 that such an active elenment can co-exist with the

pr ess\r ensor, althaqugh it is preferable to isolate the active el enent
sensor by formng isolation |ayers between the two. According to a
second aspect of the invention there 25 is provided a nethod of ;
manuf acturi ng a sem conduct or device_gﬁying a pressure sensor, the met hod
conprising formng in a sem conductor body a heavily doped burled - ba-

| ayer; form ng sem conductor resistor layers in_a first surface of t he
senlconduclayetmxﬁqrmmngeﬁQMﬂqquﬂG§Q§eﬁﬁ§G§¢GGtéPYBgéylﬂrénfEﬁétopp05|te

side to that i'n which the resistor Rmns are forned, to ﬁ dept h extendi ng~
5 parti as$gface of @%Lﬁqquﬂ’&t° s &0y it #ndo eECHiRgnkRSne | ayer

h f he .h |
Comeaet ns e ARt B Sl bt Biiclosd'eel B3ARTRY, khal R OWhENEL, o6 o
concentrat| 2 9&@9 @%af[&%e 'Jzeectfawne%lbsctoa&t 'd%#:lt:ﬁ R%tRRAGRGU! ar to the 10

second SUI’ ace SUC I mpurity c dncentr on I1ncreases 1 n a

directi on gyeyifi PP { € ek shsidd q@ﬁrexﬁmwlam%s £okrmt aemafnssaﬂé
i nvention Wwll now be described in detail, by way of exanple, with
reference lgyéhecoseiwiny itlge drediigtg layess @nd a part of the
heavily doped layer, to expose the buried layer at a second
surface, wherein the buried layer has a concentration i;;
gradient in a direction s;ﬁstantially pe;pendicula: to the .
10. second surface such that .the impurity concentration
increases in a direction away_frqm the second surface.
Embodiments of the present invention will now be
described in detail, by way of example, with reference to
the accompanying drawings, in whiﬁh:
15 ~ Pigure 1 is a sectional view through an example of a
prior art siiicon.diaphragm type pressure sensor, and has
. already been discussed; @ _ _ .

Figure 2 is a sectional view showing a problem



"~ is a.diagram showi ng the Thpurity pro

15 Figure 1 is a sectional view through an exanple of a prior art
silicon diaphragmtype pressure sensor, and has already been disc d;
Figure 2 is a sectional view showi ng a problem -6- associ ated t he
pressure sensor ‘shown in Figure 1, and has al ready been di scussed; ~Fi gures
3a and 3b are sectional views show ng a_groblemassociated with a silicon
préssure sensor 5 which is disclosed in the U S. Patent Specification No.

3, 893, 228, and has al ready been di scussed; Figures 4 to 8 are sectional
di agrams showi ngaﬁfr%‘”s‘??fd%sw’otfh L RERSSYRR BT hg b rfd S di ment

of a pressure sepsor cordi to the present_ inyention; 10 - Figure
9a is a graph sﬁgw"ﬂbéﬁh%s.r f%‘?‘%ﬁsk?ﬁ%&b THEE T e i mpurity concentration
18 gem conduct or and, Wikl S SR Aealbil] AaetoRpT e o

device taken 15 Al ohghldMaassocardd wiur£ Ji'lfé&yr&%sdée Sl ¥
enl ar ged sectional view of the sem conductor device shown in Figure 7;

Figure 10 is & phiiclyi v Shayildie@nid heie ani®di pa @it Hfed HEISHE wENSOr
according to the present 20 invention; Figure 11 is a sectional view taken
along line 3,893,228, and has already been discussed;
Figures 4 to 8 are sectional diagrams showing
the stages of a process for manufacturing one embodiment
&; _ of a-pressure sensor according to the present'invéntion;
10 Figure 9a is a graph showing the relationship
between the impurity concentration in a semiconductor
and the rate of etching by an alkali etchant;
Figure 9b is a diagram showing the impurity
profile of the part of a semiconductor device taken
15 along line X - X' in Figure 7;
Figure 9c is a partly enlarged sectional view
of the semiconducﬁor device shown in Figure 7;
| Figure 10 is a plan view showing another embodi-
ment of a pressure sensor according td the present
20 invention:
Figure 11 is a sectional view taken along line
.A - A' in Figure 10; |
Figure 12 is a seétional-view showing another
embodiment of a pressure sensor according to the present ..
25 invention;
Figures 13 to 19 are sectional views showing
the stages in é procéss for manufacturing an IC which

includes a pressure sensor being another embodiment

of the present invention;



A -A in Figure 10; Figure 12 is a sectional view show ng anot her
enbodi nent of a pressure sensor according to the present 25 invention;
Figures.13 to 19 are sectional views showing the stages in a process for

manuf a ‘rm;aﬂ | C which includes a pressure sensor being anot her
enbodi gAYy of the present inventjon; -7- Figure 20 is a plan view
showi n§ pArts of an | C which iﬁETUdes a pressure sensor being anot her
enbodi nent of the present invention; and. Figure 21 is a sectional view

taken along |ine FigureB'20 nigigwplaOridunixidivieny gafigwiesand to 8
illustrate a process for manufacturing 10 15 20 25 -8- a silicon
di aphr agmiG pthighednaladassorpnessyiie fangor being another
embodiment of the present invention; and. '
Figuré 21 is a'sectional view takén-along'line

5 B - B' in Figure 20.

Embodiment 1

Figures 4 to 8 illustrate a procéss for

manufacturing

10

15

20

25



bresent-invention is applied. (1) As shown in Figure 4, a lightly-doped
p-type single crystal Si substrate (wafer) 6 having thickness_gf
approximately 400 [err] is prepared. The one (front) surfacegs -%this Si
Substrate is formed with an oxide film[err] film 7 havi Lckness of
8000 [err] This oxide film7 is produced by the thernal  oxi fon of the Si
suRstrate 6, for exanple, by heating&-he substrate at 1100 Cin wet 02 for
110 m nutes. Next, an inportant step for attaining a precise thickness for
the menbrane portion (or the relatively thin por- tion) of the pressure
sensor is perfgr ; : f Y- SRl o regi on
Serving as an Bt Shihsol SbsEhrhln’ RFkZprERKly CRRSE e CAICHTMIE

i mpurity such ?§ §QnQa@hbgBQ15ni§sigb?g§gagd'into the front surface of the
substrate by p egepositlon or 1on inplantation by enploying the oxide film
[err] film 7 as a (ajkakosnowkr 0€UFigdreha,i aplighriyMbpedppstipeal |y,
first, the oxide film7 is selectively etched by the well-known
phot oet chi ng psoagie crystddr Sit subsppatet frafergctelawing thitksessbstrate
surface into which the n-type inpurity is to be introduced. Subsequently,
usi ng the remapfi agpoexdaaftelmn #0@skwhésnrsepares .n- Thpeonsplfrentis

i ntroduced into the exposed -9--front surface of the substrate. The

| ayer of the iawrdace of this Si substrate 1s formed with an oxide

£ilm (Si0, film) 7 having thickness of 8000 ? - 9000 R.

f'?; This oxide film 7 is produced by the thermal oxidation
| of fhe Si substrate 6, for example, by heating the
substrate at 1100°C in wet O, for 110 minutes. Next,
an important step for attaining a precise thickness
- for the membrane poftion (or the relatively thin por=-
tion) of the pressure sensor is performed. In order
' to form a heavily-doped semiconductor region serving
las an etching stopper, as illustrated in Figure 4, an -
n-type impurity such as Sb (antimony) is introduced
into the front surface of the substrate by predeposition
Sof or ion implantation by employing the oxide film

(5i0, film) 7 as a mask for introducing the impurity.

2
More'specifically, first, the oxide £ilm 7 is selectively

~ etched-by the well-known photoetching process in order
.to expose the selectéd area of the substrate surface
into which the n-type impurity is to be introduced.
Subsequently, using the remaining oxidé film 7 as the

mask, the n-type impurity is introduced into the exposed



duced n-type inpurity is as shallowas 0.1 [err] - 0.2 [err] Regarding the
I ntroduction of the n-type inpurity, in a case where the introduci ng nethod
is the predeposi- tion, Sb O can be deposited on the front surfaces of 2 3
Si wafers,in such a way that a solid inpurity source such as of the [err]

Is pl n a quartz diffusion tube together with the'Si wafers, that Ar
gas enr]- gas are used as.garrier gases, and that a furnace in which _»
the tlube i g inserted is held at a tenperature of 900 C. On the other hand,”
in case of/ the ion inplantation, when ions are introduced at a high density

b t _unf bl ' feys 4 ) :
Ther ef oRES oA Al A nc i S Sk oo el A, UL Y SRS
| mpl ant %}zxic%ﬁ fl e lg.‘gl‘b%riqry A% KRV shaidow e A L doggquel 1 x 1014

atons/c arere several tinmes. (2) The oxide film7 is renoved using

fluori CR%%%&%% & GhAHeALASL TP VSY | thd gy & indburtiohy | Virloped n-type Si

| ayer 8 havi ng 30 [err] thickness is fornmed on the front surface of
t he subgt cake GhiereepHetiriraiumiing mdtioddis atialppdepgdsis carried out

by.the thernodeconposition of silane [err] and a preferable tenperature at
that tindomns Xiceen dey defsitedan rthe Herapt tsuatfdceg ovf h, t he
pr edeposited or “ion-inplanted Sb is diffused into the substrate 6 and
' Si wafers in such a way that a solid impurity source g '
such as of fhe'szO3 is placed in a quartz diffusion-
tube together with the Si wafers, that Ar gas and 0, W
gas are used as carrier gases, and that a furnace in
which the tube is inserted is held at a temperature
of 900°C. On the other hand; in case of the ion
implantétion,'wheﬁ ions are introduced at a high density
by at once, unfavorably the substrate surface suffers
ion damage. Therefore, ion implanting operations each
of which is set at the implantation energy level of 75.
keV - 125 keV and the dosage of 1 x 1014 atoms/cm? are
repeated several times. '

(2) The oxide film 7 is removed using fluoric acid .
as an etchant. As shown in Figure 5, a lightly—doped
n-type Si layer 8 héving 25 - 30 pm thickness is formed
on thelfront surface of the substrate 6.by epitaxial . -
growth, 'Tﬁis epitaxialfgrowthfis carried out by.the
thermodécémpoSition of silane kSiHh), and a preferablé
temperature at that time is approximately 1100°%C.
During the epitaxial growth; the predeposited or



the Si layer 8 by drive-in diffusion, to forma heavily- doped n-type
buried layer 9 (thickness: 2 [err] which has an inpurity concentration
gradi ent (peak val ue: about 1019 atons/cnR). An insulator film7a is forned
on the surface of - the Si layer 8. The formation of the insulator film7a
can _be achieved by a nethod simlar to the method of formng the oxide-film

7. Jhat is, the Si substrate 6 form@®with the Si | ayer 8 is heatg (o
11000C in wet 02 for 110 m nutes, whereby the surface of the Si | S
oxidized to be forned with the oxide film[err] film_ 7a. Subseq ly, in

order to formionrimpharbedi®h drs rdsiBi9ed rigtenthejsebstrate & and

B i o over |1 Ee (9 TRYSBeB thY G Yayer G Ehatons dBb oA pedvily- | e
L e L A i
pr edeposi ti on k_g?gi %%%%%nﬁgt?ﬁg%ﬁég?%ﬁé?t ‘léanl%?‘ty)%)%gd |>/n the Si
Lo oo BB AT B s on. e ey O e Pre s hoas
resistance of 100 ofwn DeSuTLESF efild 7a idIforaded oh the puetlepesoiion, a

solid inmpurity source such :
the Si layer 8. The formation of the insulator film
7a can be achieved by a method similar to the method
of forming the oxide £ilm 7. That is, the Si suﬁstrate
6 formed with the Si layer 8 is hegted at 1100°C in
wet O, for 110 minutes, whereby the surface of the Si
layer 8 is oxidized to be formed with the oxide film
(SiO2 film) 7a. Subsequently, in order to form four
semiconductor resistor regions, i.e., four piezoresistive
elements, in.the selected areas of that part of the Si
layer 8 which overlies the n-type buried layer 9, the
oxide film 7# is selectively removed by the well-known
St photoetching process so as to- expose the part of the
| n-type Si layer 8. A p-type impurity, for example,
B (boron) is introduced into the exposed?surface of the
"Si layer 8 by predeposition or ioé_implantation. The
p—type.impurity introduced in the Si layer 8 is subjected
to drive-in diffusion, thereby to form p-type diffused
resistor regions 10 which are 2 = 3 pm thick and which

have the sheet resistance of 100 ohm per square. In



as of B2Q3 is placed in a quartz diffusion tube together with Si wafers,
B203 is deposited on the surfaces of the Si wafers at the
tenpefatiy\rp of about [err] while the interior of the silica tube is held in
a redyc pressure condition. On the other hand, in case of the ion

ion, boron ions are inplanted into Si wafers. ‘At thi's time, the

i npl antation energy level: is A keV, and the dosage is [err] atons/[errhbj
In the case of the predeposition nmethod, after perforiming the drive-in

di ffusion, boron glass deposited on the surfaces of the diffused resistor
regi ons cdsarulf tthee qurddeposi tidm, oxisielid| impari tyrecured. slbbreafter, the
exposed surfaces of the diffused resistor regions 10 are oxidized, mhereby
thin oxiake df IBgP éeirs PX¥aced imd r@u@Ptihl‘éJkﬁ wsion &ppeokrPgatBey 500 [err])-
"~ 7b are forned onthe diffused resistor regions 10. In.the case of the ion

i npl ant a4 8h t"ﬁfcﬁr%ofeﬂf@ -they B0 b 4?P?r§178d(?ﬂl ERpes¥riapgesierr]) are

formed be ore t ex cutlo f Ian a | oder to prevent the
i on da fghqlikgp th Boﬁoﬁh boron ions are

Figure SO0 né‘é%?ﬁt%w e%%e%%?tﬁ? s"#%"cel BabEohE ﬁ%%%‘?n e GiecR"" "

resi st o fEIL NS ddhdition. On the other hand in case of the

ion implantation, boron ions are implanted into Si .
wafers. At this time, the implantation energy level:
is 75 keV, and the dosage is 1 x 1013 atoms/cmZ.
In the case of the predeposition method, after
performing the'drive-in*difquion,-boron-glaSS'.
deposited on the surfaces of the dirfused resistor
regions 10 and the surface .of the oxide film 7a is
removed, Thereafter, the exposed surfaces of the
diffused resistor regions 10 are oxidized, whereby
thin oxide films (SiO, films having a thickness of
approximately 500 ®) 7b are formed on the diffused
resistor regions 10, - : T 'Q;
In the case of the ion implantation method, prefer—
ably oxide films 7b (thickness: 100 R) are formed
before the execution of the ion implantation in order.
to prevent the ion damage of the surface of the Si =
layer 8, whereupon the boron ions are introduced into
the Si layer 8 through the oxide films 7b.
(3) As sﬁown in Figure 6, in order to lead out



the [err] films 7b are selectively etched to formcon- tact hol es CH.
Thereafter, [err] (alumnunm) layer (1 - 1.75 [err] thickness) are fornmed on
the surfaces of the [err] films 7a and 7b by evaporation. Further,

t er mi nal portions 11, and the el ectrodes 12 ohmically connected to tfe<
respective diffused resi stor regions 10 are formed by the photoetchi
prdcess. Subsequently, a final passiVation film 13 (thickness: 1.2 Am nade
of plasma nitride or PSG (phosphosilicate glass) is formed. This final
passivation film 13 serves to protect the [err] filns 7a, 7b and the

el ectrode 12. ¢qupﬁr@d@$1|%rom S'Bmedif@%sﬂas $or deegitans able film

property, the use regf.is desirable, A stacked fil ich a PSG film
(thi ckness: O.Ehfeé §é %&km%_ ATR FeiecHkvelY e ?%?gkﬁﬁsﬁp 'y oORerr] are

successively fpor o) [er 7 wel enpl oyed as the
final passivatf%ag??? S e?ﬁﬁ%ﬂ%@sq%? eﬁﬂ%%ﬁgggoia%mﬁlons the .
passi vation fi t f e te sensor
portion is espi: Ci a???/ %n}%le &jﬁyea%fééon e&{lhl n OXIS # ﬁem; [err]
filnms) 7b therggp, Sy@erfimmguygngﬁ&w7®tyy|§bé§§y§{i@hrw Rir4dh&-resistors
attributed to dlspersgons In the quality and thickness of the pa55|vat|on
filmis preventegninal -gertilchs AL shawd the ReDek trddes I advfiasd Ky mask 14
connected to the respective diffused resistor regions

10 are formed by the photoetching process. Subsequently,

a final passivation film 13 (thickness: 1.2 pm) made of
plasma nitride or PSG (phosphosilicate glass) is formed.
This final passivation film 13 serves to protect the

Si0, films 7a, 7b and the electrode 12. In particular,

2
since the plasma nitride has a stable film property,
the use thereof is desirable. A stacked film in which
‘a PSG film (thickness: 0.2 pm) and a plasma nitride
film (thickness: 1.1 pm) are successively formed on
the S0, films 7a, 7b may well be employed as the
N final passivation film., For some purposes or in some
applications, the passivation film 13 on the diffused.
resistors 10 of the pressure sensor portion.is espe-
cially removed to leave only the éhin oxide films

(S10,.films) 7b thereon, whereby nonuniformity in the

2
'strains of the resistors attributed to dispersions in
the quality and thickness of the passivation film is

prevented.



I's provided on the rear surface ((100) crystall ographic plane) of the
strate 6, and anisotropic etching is perforned with an al kal

s4lch as KOH, whereby a deep depressed portion 15 is forned. The

, portion is etched so as to reach the n -type buried layer 9.

Duri ng e etching, the etched. surface of the substrate does not becone
flat but becones rugged as showirin Figure 7. In case of alkali-etching a_s
silicon crystal sub- strate doped with an inpurity, the relationship ”
between the inpurity concentration and the etching rate is as shown in

Fi gure 9a. Wiiy)eAshehiowpiiiin Figuieemty & iphotordsigt tmsletlohing rate does
not change, whereas when the forner reaches the concentration of [err]

at ons/ [ £8r profrédetc bnnghreatrears stigdiacasi({d0piatystadiagrephy®r hand, the
inmpurity profile taken along line X - X of the sem conductor, shown in

Fi gur e Plapedepifctthe PrivPgusaitmErate SHpMeh@ESHHTINLC 1§ RIHE t he
[err]type buried | ayer 9 has the _gradient of the imus,rity cancentration
becauselst PEESoEBER V&Fﬁé@nbfhﬁﬁ@ lé¥éiﬁq¥(ﬁquKﬁ%ERbH1Rﬂﬁ%¢ﬁ%yreason
when the etchi has reached .t he -heavj ly-doped | | .3 the etching
rate i sadaéépeagp&iss Pf?é%lé’q |l§ & %oggle?Urfglg{éé ngeﬂgrra%seugﬁ ly forned as

Ao o S Sk e e oo 7 0w S

ayer
layer 9. During the etching, the etched surface of the’

substrate does not become flat but becomes rugged as’
shown in Figure 7.

'In case of alkali-etching a Silic6n~crystal sub-
strate doped with an impurity, the relationship between
the impurity concenfratiOn and the etching rate is as

 shown in Figure 9a. While the impurity concentration:
is low, the etching rate does not change, whereas when
the former reaches the concengration of 1019 atoms/cms,
the etching rate is decreasing rapidly. |

' On the other hand, the impurity.profile taken along
line X - X' of the-éemiconductor shown in Figure 7 is o/
depicted iﬁ.Figure'Qb. 'As apparent from this figure,
the n+—type buried layer 9 has thg“gradient of the impu-
rity cqncentrétion because it has been_formed'by the
drive-in di:quion;_ For this reason, when the etching
has reached the heavily—doped buried layer, the'étchiné
rate is decelerated, so that a flat etched surface is

gradually formed as shown in Figure 9c. More specifically,



. .
9 has been reached the step or ruggedness of the etched surface is sonmewhat
great as indicated by a dotted |ine A However, as the etching proce ™
the'direc--tion of an arrow, the inpurity concentration of the + n E%pﬁfj
buried layer 9 becomes high, 'so that a recess Al is etched at a | ow\{at. /
whi l.e a protuberance A2 is efficiently etched owng to an etching rate
soRgwhat hi gher than that of the recéds [err]. ‘Therefore, the step of the

et ched surface decreases as indicated by a dotted line B.

In this way, the

etching rateis controlled of itself, and a flat _etched surface is achieved
as shown in Fi gefersing dor €ig0rehfes when dheun eftyplee burdreddiltfesed
resistors 10 and the configuration of the bridge- connected el ectrodes 12
in the silicon9dbashbegm rppehedndbe. stepsereruggednessiplather etphed
connected to a detector circuit (not shown) through the termnals (bonding

pads) 11. Fi guFdTERciesis SemerBaZl eveal 8F LRE1s81s8: bareAoFtSAg 1ine A -

A" in Figure 1

<hn,the f i di mept. th 5t byried |
nas been ut |11 309 At REVEVARe cHRnGO8! CHEAG 6 BROSERIS, LR PP, T REShUI | i

R L N S Sl o

shows a case whére, ore,;

nf—type_buried layer 9 becomes high, so that a recess

A, is etched at a low rate, while a protuberance A, is

efficiently etched owing to an etching rate somewhat

higher than that of the recess A,. Therefore, the step

of the etched surface decreases as indicated by a dotted

line B. In this way, the etching rate is controlled of

itself, and a flat etched surface is achieved as shown

in Figure 8.

Figure 10 shows the layou:t of the four diffused

resistors 10 and the configuration of the bridge-

connected electrodes 12 in the silicon diaphragm type

sensor, These electrodes 12 are to be connected to

N a detector circuit (not shown) through the terminals

(bonding pads) 11, Figure 1l is a sectional view of

the sensor taken along line A - A:'in Figure 10,

In the foregoing embodiment, the n*~type buried

layer has been utilized for the flattening etching.

However, a p+-type buried layer may well be utilized

instead of the nf-type buried layer. Figure 12 shows

a case where, in the step (2) described before, a



p+ -type buried layer 16 is fornmed in place of the n -type buried | ayer 9,
wher e ﬁog,the depressed portion 15 is fornmed so as .to reach this |ayer 16
In orger Ao formthe p+-type buried layer 16, a p-type inpurity such as
bor on sed, and it is introduced into the Si substrate 6 by . _
predepusition or ion inplantation as in the case of fornmng the [err]-type

buried layer 9. After the inpukbty introduction for forming the p -type .

buried | ayer 16 has been conpleted, the steps (3) and (4) are carried out. =

The p -type buried layer 16 has the gradient of the inpurity concentration

Enbodi neht =2yp &i Garbed 132yer 136 showfernedciésspiacenafiutthet uri ng an

enbodi meny in which a_pressor_sensor and other active elenments coexist in a

singl e gentE@eUBsBEedotRYeriy, WheFRPYR EReABPTeRaedi RGFEiPRyst al Si

sub- strate 6 having a thickness of roxi mat el y. 400 Am i.s _prepared. As
st hecs T erRareq st (67 asath  HRDE L YaNBE S K. O n  Bri] £

] filmhaving a

the 1 ronto stprhcEhd @ nBb B SRS 1EVRE 16718 BTEYBE, ERelRely A0 The part

her ool dof GOl Bt 1 L RbggiebOmeseRg Of the bofon
Si substrate 6 by predeposition or ion implantation as
in the case of forming the-n+-type buried layer 9.
After the impurity introduction for forming the p' —type
buried layer 16 has been completed, the steps (3) and

: (4) are carried out; The p+-type buried layer 16 has
the gradient7of the impurity concentration.
Embodiment 2: '

Figures 13 to 19 show a process for manufacturing
an embodiment in which a pressor sensor and other
active elements coexist in a single semiconductor
body.

(1) A lightly~doped p-type single crystal Si sub-

prepared., As illustrated in Figure 13, using as a
mask an oxide film (SiO, film having a thickness of
8000 & - 9000 &) 17, boron ions (B*) are implanted
into'tﬁe part of the front surface of the substrate
to form the pressure sensor and the part thereof to
form an isolation region. The implantation energy

of the boron ions is preferably 75 keV - 125 keV, and

e

strate 6 having a thickness of approximately 400 pm is A\



1 8
the inplantation dosage is [err] atoms/[err] atoms/ cn2. The inplanted .
boron ions are subjected to drive-in diffusion by a heat treatnent, reby
p+-type layers 18a and 18b are sinultaneously forned, respectively, ’
shown in Figure 14. The p -type buried layer 18a is used as an et chi nt
stopper informng*the depressed portion of the pressure sensor, and'the
p+~type buried layer 18b as a part of6the isolation region. (2) After
renoving the oxide film17, a new oxide film[err] filmhaving a thickness
of [err] 19 is fornmed by thermal oxidation._ The p-type inpur%ty (boron) is

subj ected t0 t{igedhyPantatidh usbagaurs notheatonspén®dn ofotPeagumale film
19, whereby the -type buried layers |8a and 18b shown in Figure 14 are

formed as stat above. Subsequently, the step for forming n -type buried

| ayer is carried out in order to prevent the occurrence of a substrate
parasitic transi st dthepomptamwbed nbdion press lare ssuibec et t tood mimde+im r educe
a collector resistance in the active elenment portion such as a vertical
transi stor or GlfHrsiamtbY e keatrivermait o wWoerebhitR phfReitaxers ansi st or

operation in the active elenent portion such as a |ateral transjstor.
Namely, first ¥2#19 1R axe LIyt rAnePusly fed el BeSPec BiNely,

as shown in Figure 14. The p -type buried layer 18a is
used as an etching stopper in.forming the depressed
portion of the pressufe sensbr, and the p*-type buried
layer 18b as a part of the isolation region.

(2) After removing the oxide film 17, a new oxide
film (Si0, film having a thickness of 8000 & - 9000 )
19 is formed by thefmal.oxidation;- The'p-t&pe impurity
(boron) is subjected to the driVe—in'diffusion during
the formation of the oxide film 19, whereby the p'—type
burie¢ layers l8aand 18b shown in Figure 14 are formed
as stated above. |

Subsequently, the step for forming n’ —type buried
Aot layer is carried out in order to prevent the occurrence

of a substrate'parasitic transistor operafidn in the
pressure sensor portion and to reduce a collector
resistance 1n the active element portion such as a .
vertical transistor or to prevent the occurrence of a
substrate parasitic transistor.operation in the

active element portion such as a lateral transistor.

Namely, first of all, the oxide film 19 is selectively



etched thereby to forma mask for introducing .an inpurity into sel ected
areas. Using this mask, the n-type inpurity such as antinony is introduced
i nto tsiexexposed surface areas of the Si substrate 6 by predeposition or
[ [ ‘iﬁgﬂ ation. Figure 14 shows the case of the ion inplantation. In this
antinmony.ions [err] are inplanted into the front surface of the
Si subStrate 6 at an inplantarﬂan energy. |l evel of 75 keV - 125 keV. The = x
dosage of the inplantation is 1014 atons/cn2 - 1016 atons/cn2. On the ot her
hand, in case of the predeposition, as in the foregoing enbodinment 1, a
sol i d i rotehéd Hrerely stehfexm Sh203sk sfpratatredueingaspzi@preri§yon tube
together with Si wafers, Ar gas and [err] gas are used as carrier gases,
and a furmbeeséheoked harers i utdsingi kst Basks RBPdNAFYR®tenperature of
[err] whereby the [err] is deposited, on tae fropt ,surfaces ofe%he S
vaf ers. IPPWPHEY S4Chray HRtHRORY el cERFFRAEEsdr 13> BalaEi FIROPEA- p
transi stor, the antinon s Lntroduced.inio, th . sensgr form ng
portion %%r%éc?oﬂfﬁ%ﬁlqg-ﬁ$§'%ﬁ-§§gﬁgﬁﬁFFeg ngﬁFgégégg%glég gg br oader
than it,, as sh jrhfggure 14. (3) After renoving the oxide filmJ[err]
flln') 191:°nll]_1a_takl - o . . . o _

Figure 14 shows the case of the ion implantation.

In this case,_the_antimony.ions (sv*) are implanted
into the front surface of the Si substrate 6 at an ; | S
implantation energy level of 75 keV - 125 keV. The
dosage of the implantation is 1014 atoms/cm® - 1020
atoms/cmz; _ | |
On the other hénd, in case 6: thé predeposition,
as in the foregoing embodiment 1, a solid impurity
source such as Sb,0z is placed in a quartz diffusion
tube together with Si wafers, Ar gas and O, gas are
used as carrier gases, and a furnace in which the
tube is inserted is held at a temperature of 900°C,
whereby the Sb203 is deposited on the front surfaces \/
of the Si wafers. |
In order to prevent of the oqdurrence of a
parasitic p-n-p transistor, the antimony .is introduced
*into the pressure sensor forming”portion so as to overlie
the p -type buried layer 18a and'to.be.broader than it,
as shown in Figure 14,

(3) After removing the oxide film (S8i0, film) 19, -



>
a lightly-doped n-type epitaxial Si layer (inmpurity concentration: 1015
atons[err] thickness: 30 [err] 21 is fornmed on the entire surface as__.
shown in Figure 15. At this tinme, the p+-type buried |ayers 18a, 18b=g
n+-type buried |ayers 20a, 20b are respectively formed by the bororni
[err] -and antinony ions [err] introduced by the preceding steps.

i mpurity concentrations of the pt-tyﬂ@'buried | ayers 18a, 18b and the[err]
type buried | ayers 20a, 20b exhi bit peak val ues of about 1019 atons/ [err].
The formation of the epitaxial Si layer 21 is achieved by the

ther nodeconposit N9gheflySibped. nakgpa Bbetakdhlest eTRgeat (Lapatikhat tinme is
about [err] Next, an oxide fllnhherr] f||g\haV|ng a thickness of [err] )
22 is fornmed osohbkentraftaea:oflotHeatpnbsAundl, ShikRyess2130Thm)ogdde film 22
is formed by thermally oxidizing the surface of the Si |layer 21. Al so, the
oxi de film 22 iwmyfbemedr ondthy eh&irel bukfiace &¥DshowanivaFigaper 15.
deposition) process. Further, an pnsulator film such as of Eerr] (silicon
nitride) may bAtdépési té@eonthRePsutyneeburiefelayersydfaz11phsandd of the
oxide film (4)+Subsequently, .an isolstion Iazer is formed as shown _in
Figure 16. Fir t'GVPQIgFr%ﬁé_3§V8€Sf? An 280Ps §8I€€§P98F9V93H0§@Hm89

phot or esi st pr ggesahnfo 4! §8nk"ea* §oubh2Bhetibll (T (€5 LhbibagRR® @

by the preceding steps. The impurity concentrations of
9 the p'=type buried layers 18a, 18b and the n'-type buried
layers 20a, 20b exhibit peak values of about 1019

atoms/
cm’. The formation of the epitaxial Si layer 21 is
achieved by the thermodecomposition of silane, and a
preferable temperatﬁre at that time is about llOQOC.
Next, an oxide_ﬁlm_(Sio2 film having a.thickness of
8000 & - 9000 &) 22 is formed on the surface of the
epitaxial Si layer 21. The oxide film 22 is formed
by thermally oxidizing the surface of the Si layer 21.
Also, the oxide film 22 may be formed by the well-known
et CVD (chemical vapor deposition) process. Further,
an insulator f£ilw such as of S1izN, (silicon nitride)
may be deposited on the surface of the Si layer 21
instead of the oxide film, _
(4) Subsequently, an isolation layer is formed as
shown in Figure 16. First of all, the oxide film 22
is selectively removed by photoresist processing.

Using the resultant oxide film (SiO, film) 22 as a



mask for selectively introducing-an inpurity, the p-type inpurity such as
boron is introduced into the exposed surface part of the n-type epitaxial

Si 1A 21, thereby to formthe p-type diffused layer (isola- tion |ayer)
sol ating the elements. Since, at this time, the p-type inpurity is
into the epitaxial Si layer 21 by drive-in diffusion also fromthe
ype buried | ayer 18b,-1fe isolation can be achieved in a-short Y
-diffusion time owing to the diffu- sions in both the directions. o
Accordingly, lateral diffusion is reduced. Therefore, the occupying area of

the isol ati : : { fyga : LHaherdengid v of i ntegration
can be E&?&i&#@#ﬁe&&%ﬁ%&ﬂ% er tdoc#rg%]%rgi% usedt??'egﬁét ors to constitute
the pre ' . I, IpdR 3% iinGRIRdédeintd etiwed with the -
wel | - kn?mﬁ&%?’%ﬁis‘%wgﬁgeésﬁ r?gdzia‘? shown in Figure 17. A p-type inpurity,
€. 0., behgbded iuridad ares dMtthd his-tpposepi tanfal Siarkmgenf the Si |ayer
21, and i s thereafter subjected to drive-in diffusion, whereby the p-type
di ff use@lr £trsdrastsy b afoertf obhree h—Timee ifAus ofl f¥apen (dakaors 24 have the
sheet resistance of 100 ohm per square, and are approximtely 2 - 3 pm
deep. (@ioAf tlaydry @hfathd sAlatingl theielenents. SIinGe{tdpe enitter

region 28a and a [err] -type collector regjo - 20-
g. this time} thg p—eg%e'impurity isgaifkused into the:

epitaxial Si layer Zi by drive-in diffusion also from
-the'p+-type bﬁried layer 18b, ﬁhe“isolatiqn“can_be S " ;)
achieved in a short diffusion time owing to the diffu--.
sions in both the directions. ACcordinglj? lateral
diffusion is‘reduCed.- Therefore;'fhe'oécuPYing area
of thé'isolation~1a§er 23 becomes small, and a higher
density of integration can be accomplished.
(5) In order to form diffused resistors to constitute
the pressure sensor,_the_SiO2 film 22 is selectively
removed with the well-known photoresist processing as
shown in Figure 17. A p-tyﬁe impurity, e.g., boron -
is ion-implanted into the exposed surface areas of the
Si layer 21, and is thereafter subjected to drive-in
diffusion, whereby the p-type diffused resistors 24 are
formed. The p—typé diffused resistors 24 have the sheet
resiStance of 100 ohm per square, and are approximately
2 = 3 um deep. ' | ! '
(6) After forming the diffused resistors 24, a -

P+*type emitter region 28a and a’p*-type collector region



28b which constitute a lateral transistor are forned in an island region
2la as shown in Figure 18, by selective diffusion utilizing the oxidefJqlm
22 as a mask. The island region 2la acts as the base region of this/ ;)
transistor. Subsequently, the base region 29 of a vertical transi sto14
~formed in an island region 21b by sg&ggtive diffusion, and an emttes
region 30e is:fornmed in the base regi®dn 29. The lateral transistor and the
vertical transistor are used for the tenperature conpensation circuit of
the pressure sensor. Next, the SiQ2 film22 is selectively etched to form
contact hol es R8bpwadeherconsdd tods & datertiertatisds toam are dormeduni num

| ayer which is 1 [err] - 1.75 [err] _ thick_ is formed on the surface of the
[err] film by dmapar dslend Tsgion Rder ps shpgen s fdine W&,y Benoved by

:  phot oet chi tg f | ectrod d ' I, . 125 i ch
Donnected o ¢ RelRedsues RISty vt TedrenEne REe 2P SR vati on
film (thickness: 1.3 26.made of .pl a ni Ly P SR ilicate

gl ass) is fornmB@%phi gﬁ)ﬁ SE §ie\gato-rr10?1$a| 5% G%e%ees%}%g(eg:}geﬁ%ﬁt he
[err] film22 f ' 3t ucCla, Wit 8 13Pe | Q‘E'etﬁ igged. In
particular, si gg%% p::Q%;srrgg%cgfgi dgu#ass ute?,lt é@ﬁer{%ﬁ r%at;;%ope l?/"fr?t e use
thereof is despizall Gerk;elackedrsikied: 140isdimadPSa fdd Ml iregiens: 0.2
pm) and a plasma nitride film(thickness: 1.1 [err] are successively
formed on the [gy by dé1@Rtive! diffusion, and an emitter region 30e.

o is formed in the base region 29. The lateral transistor
and the vertical transistor are used for the temperature
compensation circuit of the pressure sensor. Next,

the Si0. film 22 is selectively etched to form contact

2
holes in predetermined positions. Thereafter, an A2
(aluminum) layer which is 1 pm - 1,75 pm thick is formed
on the surface of the 510, film by evaporation. This
A2 layer is selectiveiy.removed by photoetching So as
to form electrodes (conductive layer) 25 which are
connected to the respectively element regions. Next,
A a final passivation film (thickness: 1.3_pm) 26 made
| of plasma nitride or PSG'(phosphosilicate glass) is
formed. This final passivation film 26 serves to prevent

the Si0, film 22 from coming into touch with the open

2
air to get stained, In particular, since the plasma

nitride has a stable film property, the use thereof is -
desirable. A stacked film in which a PSG film (thick-

ness: 0.2 um) and a plasma nitride film (thickness:



be enpl oyed as the final passivation film As in the foregoing enbodi nent
1, the

re sensor portion, whereby nonuniform mty in the strain of the
Jattributed to dispersions in the quality and thickness of the
A\Vion filmis decreasg . The rear surface of the p-type substrate 6
is anisetfropically etched by™

depressed portion 27 as shown in Figure 19. For the sane reason as
expl ai ned in Enbodinent 1, the etching for form ng the depressed portion
has itslellchnhgarat sucorssbvedy foreedtas fhet PHO,hER BEY) ¥pdt has been
reached. Therefore, a flat etched surface is_achieved as the surface of the
menbr anbepempiLeiedsas thgufésadorafdivetar® 41pMan vi ew and a sectional

I ew, ively, tel how t he enbodi t_of th ' duct
evi co whi cHAFSLRY S0PORTBEOLNE SREPRRBRDToRad BPoBRSSSHATLOR whi ch the
th {1 I t f d t ; . Fi 20
or i nci ph LY RY.£C haudvER, BB LragE, ShLy, Ml bRIR bRANETCO, 1 001

[ yérs,; € I'ndlicated by solid Iines.

- The Se?&%i{ﬂgbﬁyéggesgsgkgggeaaﬁsb% gk»%ﬂoa!,ouaebiéw BonuBi floi gure 20.

Referrin epress portion 27 -22- or diaphragmis

formed gnebhenrefe sideifAl ofURRLABesistors attributed to

dispersions in the quality and thickness of the passiva-

tion film is decreased. : . : - | o

The rear surface of the p-type_substréte 6 is
anisotropically etched by the alkali etchant such as
KOH;-to form a depressed pprtion-Z?_as-shown'in Figuré
19, For the same réaSon as explained in-Embodimént 1,
the etching for forming fhe depressed -portion has its
etching'rate.confrolled'aftér the p+-type buried layer -
has been reached. Therefore, a flat etched surface is
achieved as the surface of the membrane portion 18a.

‘Figures 20 and 21 are a plan view and a sectional

,,,,,,

view,'réspectively, concretely showing the embodiment | ()

of the semiconductor device which is provided by the
aforementioned process and in whi?h the other active
elements are formed around the pressure sensor.
Figure.ZQ principally shows the diffused layers,: which
are.indicated-by solid lines. The sectional view of
Figure 21 is taken along line B = B' in Figure 20.
Referring to Figure 20, the depressed portion 27

assivation filmnmay be renoved to | eave only the thin oxide filmon

€ al kali etchant such as KOH, toforma =%

L]



?ially the central part of a Si sem conductor body (Si epitaxial |ayer 21,
Si substrate 6) having the (100) crystall ographic plane. The [err]-t

i sotation layer 23 for isolating the pressure sensor portion fro ot her
el ements (active elenents) is formed so as to surround the diaph - The
si des of the diaphragm (27) surrounded with the isolation |ayer e res-

pegtjrvely formed with the resistor22¢diffused resistors) for use as the
pressure sensor. As can be seen from Figure 20, these resistors have the
same structure and are connected by the mﬁring Iayers 25 as the bridge

of resistors [ [Sélf ?ﬁ‘ia‘ﬁfﬁ"cac#rrgolseaf°§$*e§& t PR F 50 (oo

resistance: 5%19 f rrg¥5 n of the
[err] axis; [er type use%ayers os;r?L contiaé(?tris&ﬁ%;(shep '
resistance: 3( sahraﬁeraﬁouaarle&yé&hlzr Hie SBhid 8 Nl iihan of the
[err] axis inclining by 45 degrees to the <110> axrs and a p -type

di ffused | ayer( 128)) (crhyeetallepgredmiice p]?&le)_hm‘mﬁé ;sq-ufy‘lfé iwvleltieannects the
‘p-type diffused resistor |ayers 24 extending in parallel with each other.
The p-type di fifajesd 23 sioat drsdlaEme dthex (rarel suy e 15 drise rdipogdiiioon fofomt he
-23- [err] axis (or an axis equivalent thereto) is sensitivity

the other elements {(active elements) is formed so as

| to surround the diaphragm. The sides of the diaphragm
-*J} ' (27) surrounded With.the isolation layer 23 are res-
| pectively formed with the resistors (diffused resistors)

for use as the pressure sensor.  As can be seen from
Figure 20, these resistors have the same structure
and are comnected by the wiring layers 25 as the bridge
network. The strﬁcture of the resisior will be ekplained
as follows.

Each of resistors (Rl - Rh) is composed of p-type
diffused resistor 1ayers'24 (sheet resistance: 100 ohm
per square) which are formed in the direction of the

o (110) axis; p'-type diffused laYere for contacts, 28a
(sheet resistance: 30 ohm per square) which are formed
in the direction of the.<100> axis. inclining by 45
degrees to the {110) axis; and a p -type diffused layer
28b (sheet resistance: 30 ohm per square) which
connects the p-type diffused resistor layers 24 extending
in parallel with each other. The p-type diffused

resistor layer 24 extending in the direction of the
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in the piezo-resistive effect, so a resistance changes sensitively to the _

f the diaphragm This is especially remarkable in the case of the

» ayer which has the p-conductivity type. On the other hand, the p

¥fused layer 28a is in the direc- tion of a | ow piezo-resistive .
he direction of the [err] axis or an axis equivalent thereto) and

is heavily doped, so that theZdrange of its resistance relative to the s

strain of the diaphragmis small and negligible. Further, the p -type o

di ffused | ayer 28b is heavily doped and is forned so as to forma square,

so that(ie)i pkiye(es bHengok equilglentaithepttbheidi sphsaguvitynegligible.

The p+-type’ diffused | ayers 28a and 28b are formed sinultaneously with the

em tteriangheoplesberestgitive 86fettl,hsoPaNrPsissancet chafigedi cated as PNP-

TRS in Figure 20). In order to prevent the | eakage current between the

resi st os ensitbivelyhtodithehsagainanfnthgpdidphfagad | Fés 368 is formed so

as to surround the p-type diffused resistor |ayers 24 and the [err]-type

di f f usedspagbatlysnemasgkablehin phet gpsedp L EhedTeay6CZ0' i's for med

sinmultaneously with the emtter r.egion 30a and collecfor contact region 30b"

%eﬁhd t he base

contact, region 30c+0f the.,. ..-24- P-N-P tgansistor by the use of an n-type
inpurit?ag ehthe P —type diffused aner Eéa is ' in A% direc= yp

tion of a low piezo-resistive effect (the direction of

the 100) axis or an axis equivalent thereto) and is heavily | Q;
doped, so. that the change of its resistance relative to

the strain of the diaphragm is small and negligible.

Further, the p -type diffused layer 28b is heavily

doped and is Iormediso as to form.a‘square, so that the

influence thereof on the étrain of the diaphragm is

negligible. The p+-t&pe diffused layers 28a and 28b

are formed simultaneously with the emitter and

collector regions 28 of the P-N-P transistor (indicated

as PNP TRS in Figuré 20). In order to prevent the N
leakage cﬁrrent between the resistors within the = _ o/
diaphragm, an nf—type diffused layer 30' is formed so |

as to surrourd the p-type diffused resistor layers 24

and the p'=-type diffused layers 2sa, 28b, This n' -type

diffused layer 30' is formed simultaneously with the

emitter region 30a and collector contact region 30b

of the N-P-N transistor (indicated as NPN TRS in |

' Figure 20) and the base contact region 30c of the



as arsenic (As) or phosphorus (P). The P-N-P transistor and N-P-N

transi stor which are sited around the diaph- ragmconstitute a tenperagure
conpensation circuit, an anplifier circuit. In addition, external | d\sut
term nal s (bonding pads) 35 are sited on the peripheral edges of t )éyu
sem conduct or body. As can be seen from Figure 21, the bottom of tfe y

di ragm 27 i:s formed with the hea®4vy-doped p -type buried |ayer

whith has the gradient of the inpurity concentration and which serves as
the etching stopper. The p -type buried layer 18a is overlaid with the n

-type buried | pyRLpP20an¥hs£br PhLVENE Sus 8o OPBhaAL@Ppefl iApRAL 8F1 §k€hP- N-P
transi stor (p-type diffused resistor layer 24 - n -typé epitaxial Si |ayer
2la - p -type 4graedehtye(AdBadr pghesphsrushEP}ar i ThesPaNePr tranbistdrby

t he heavily- doped n+-type buried | ayer 20a, thereby to prevent the
transportati onand ¥hB-Xatraessstoomhhehpatrgpeltiedf asednd ethet@iapbyer 24
to the [err]-type buried | ayer 18a. According to the constructions

descri bed aboveragn confthtutenawterpenateneodpnpansation ebredis, ofnt he

i nvention may be acconplished and many other effects y. be_brought forth
as follows. (130RLb&EeBdCEEGR} tunith ggdhE’aQ‘i‘byeHBBEH ndeETERE " - 25- has

the gradient °¥a¥§fuéf?“(%éxafgg9§£5£?t% na%é sited on the peripheral
edges of the semiconductor body. As can be seen from
Figure 21, the bottom of the diaphragm 27 is formed with
the heavily-doped p+-type buried layer 18a which has
the gradient of the impurity concentration and which
serves as the etching stopper. The p+-type buri _
layer 18a is overlaid with the n+-type buried layer 20a,
which prevents the operation of a parasitic p-n-p
transistor (p-type diffused resistor layer 24 - n —type
epitaxial Si layer 2la - p —type buried iayér 18a).
That is, the carriers are recombined by the heavily-
doped nf-type buried layer 20a, thereby to prevent
N the transportation of the carriers from the Q-type
diffused resistor layer 24 to the p*-type_buried 1ayef
18a.
According to_the constructions described above in
conjunction with the embodiments, the objects of the
invention mayg: be accomplished and many other effects may .
be  brought forth as follows. |
(1) A buried layer which is heavily doped and which



formed in a pressure sensor region (at the etched side of a diaphragnm,
"whereby a flat surface is obtained at the etched side of a nenbrane
portion when a depressed portion is etched. (2) A heavily-doped p -type

| ayer i/s~di sposed under an [err]-type buried | ayer, whereby the exposure of
the p-A {Kunction between the n -type buried layer and the p-type substrate.
can be ded after the formsig.on of the depressed portion, and "
prot ecttveness is enhanced. In addition, the operation of a parasitic o
transi stor can be prevented. (3) A[err]-type buried |layer forned around = =

th ti fing ' ' | ¥ Il width wh
coupt cdbaet g BPedaRt Pl s et W eReBR IR 48 (he front surace

f taxial natype S . |20 3lgea of th ~
eorati ORRER o1 2 K Be e Sk TS R RO 29 DL i

density.of i gt i CYfh, & st st S HEHIRE lsayers can be
utilized*as g%???%@gdt ?\?‘%Hgne%g;ig%(thg%c&%réector of the N-P-N '
transi skge, oitbfehaggdef dfhe mimyralndpirfionawhiett @ XA epreasarddpher al
portions. (5) A Si nenbrane portion can be sufficiently thickened by
render i pgrithenepist @tichledn-type Si | ayer -26- thick, whereby even a
sensor applicable to a high pres- , L. _

" . (2) A heavily-doped p ~type layer is disposed

under an n+-t7pe buried layer, whereby the exposure of -

the p-n junction between the n+-tyPe"buried layer and = - ;')

the p -type substrate can be avoided after the formation
of the depressed portion, and protectiveness is enhanced.
In addition, the operation of a parasitic transistor
can be prevented. |
(3) A p'-type buried layer formed around the sensor
portion can finish up an isolation region of small width
when coupled with a p'-type diffused layer which extends
from the front surface of an epitaxial n-type Si layer.
Thereforé, the occupying area of the.isolation'fegion
can be reduced, and a semiconductor device having a
high density of integration can be producéd.
(4) n"-type buried layers cap'be utilized as parts
of active elements (the collector of the N-P-N transistor, |
the base of the lateral P-N-P transistor) in perfipheral |
portions. | |
(5) A Si membrane portion can be'suffiéiently

thickened by rendering the epitaxial n-type Si layer



gure (100 Torr or above) can be manufactured at high precision. (6) AX I C

I n which active elenents of high wthstand voltage and a pressure yS|or
applicable to a high pressure are integrally conbined can be real by
the use of a thick n- type Si layer. (7) In case of using an [err]- e

buried | ayer as an et ching stopper as in Enbodinent 1, no parasitic. _
trgnsistor is formed directly bel ow 36t ype di ffused reS|stor | ayers. (8)
| n"Case of Enbodi ment 2, before the step of anisotropic etching, active
el ement portions and a pressure sensor portion can be formed by the

standard procesg;gk awaPQ5§r elrbn angeﬁgogﬂsbsﬁeabmeprcecasﬁaga pbeRs is

i nvol ved. More speci’fic the -type ried layer 18a as The  etching

~.stopper can besﬁeenemoalmubraagoastevnbantbe pantifBe thrededtl Rygh 18b
which forns the part of the isolation region. In addition, the [err]-type

buried | ayer 2paetbosipneventing the parasitic transistor can be forned
simul taneously with the [err] -type buried |layers 20b of the active el enent
portions. 27 CLA(R®: An. IC i whitboadtiver edemensshafi high pisksiand

sensor conpr|3|n% a sem conduct or body having a_nenbrane portion
: tage and a pressure Sensor applicable to a high

pressure are integrally combined can be realized by the
use of a thick n-type Si layer.

(7) In case of using an nf—type buried layer as
‘an etching stopper as in Embodiment 1, no parasitic'
transistor is.formed directly below p-type diffused -
resistor layers, _

(8) 1In case of Embodiment 2, before the step of
anisotropic etching, active element.portidns and a
pressure sensor portion can be formed by the standard
process of a bipolar IC, and no increase in processing
steps is involved. More speéifically,'the p+-type
buried layer 18a as the etching stopper can be formed
N simultaneously with the p'-type buried layer 18b which

forms the part of the isolation region. In addition,
the n+-type buried'layer 20a for preventing the
parasitic transistor can be formed simultaneously

with the n’-type buried layers 20b of the active element

portions. -



therein, wherein a plurality of sem conductor resistor 5 | ayers connected
together in a bridge network are providedi|17rﬁ++4ﬁ_£uujjggifi~éhe
menbrane jpartion, and a heavily doped sem cond | ayer is provided in a
second e of the _nenbrane portion opposi tlﬂﬂlr ml rface, the
heavi |l y I sem conductor | ayer gaw ng a con I’W’ﬂradl ent in a-
directi stantially perpendica Far to the second surfac% such that the:_:
i mpurit gAcentration increases in a direction away fromthe second -
surface. 2. A device according to claim1l1l, wherein the sem - conductor

body incl udes the (100) plane, and the resistor.15 layers are formed in the
dlrectldﬂﬁﬂiﬁihe <110> axi s or an axis equivalent thereto. 3. A devi ce

di 1 | f the
Sem conduet or haRPEgRAsETREl HEviaR AR LAY AP GEEEGhsSE T ORL O 1N
accordi r&%u*p‘h@% e g inﬂc%%a%%‘a‘%dbaay‘:habifﬁg a\hﬁé Adepdwevén y doped

| ayer ype or p+-n+-type devi ce according to any

one of theeddiece dm&éilnalamplu%&rieynotheeﬁﬁabﬁaﬁduei-Ofebbsluoﬁonpr| ses a
sem’- 25 conduct or substrate havi ng an opening therein at the nenbrane
porti &n,1afek A dotindtieds aigetheuctiar al hyéddgennetwoskbate aprowvidedxt endi ng
across that opening. 28 6. A device according to claim5b, wherein the -
substratin a first surface of the membrane portion, and a heavily

doped semiconductor layer is'provided_ih a second surface
of the membrane portion opposite to the first surface, the gu)f
heavily doped semiconductor layer having a concentration.

10 gradientrih-a direction substantially perpendicular to the
second surface such thét the impurity concentration- . -
increases in a direction away from the second.surfaée._

2. A device according to claim 1, wherein the semi-
conductor'body includes the (100) plane,'and.éhe resistor

15 layers are formed in the direction of the <110> axis or an
axis equivalent thereto.

3. = A device according to claim 1 or'claim 2, having an
active.element in a part of the sehiconductor_body adjacent ,\-J
the membrane portion;

20 4. A.device acco:ding to any one of the preceding
claims, wherein the heavily doped layer is of nt type, p*
type or pt-nt type. |
5. A device according to any one of the preceding . .
claims, wherein the semiconductor body comprises a semi-

25 conductor substrate having an opening therein at the
membrane portion, and a further semiconductor layer on the

substrate and extending across that opening.



and the further sem conductor |ayer are of opposite conducti vj
A devi ce according to claimb5 or claim6, wherein the 5 heavi
sem conductor |ayer is of the same conduc- tivity type as th
‘semi conductor |ayer. 8. A.devi ce according to claim5 or claim®,

wherein the heavily doped sem conduct or layer is H"'“Hmﬂ" c- tivity
ty@to the further sem conductor |ayer. 10 9. lﬁ“ﬂ“{ng to any
one-of clainms 5 to 8 wherein the heavily doped |ayer® i$ a"fi¥st* heavily
doped layer, and there is a second heaV|Iy doped Iayer of opposite

o LY 1 64 i SRS B e st

heaV|Iy doped | ayer an con ayer
devi ce accordi ngnd Otl?éWﬂPﬂﬁlélf ééﬁld&dactter%agaersw bPeogpEaiee heavily
doped layer is of n-type. . A devi ce according to any one of the
precedi ng clalnaon@wwtr@uﬁyﬂuypuxumtor I sol ation regions of. the same 20
conductivity type as the heavily doped |ayer surrounding the resistor
|'ayers, each isolatioh deyicm aneandjng ftior clagay 6 oxt ehdimg6s reheretnrthee
of 'the body which (in the continuation of that surface in the nenbrane
portion) forms Bervily sdored reamicondpcioredangrpist ofethg 8amarFerdvayer,
25 the buried Ia er bei ng heavi oped and havi copcentration gradient
'the sane as the ¥855¥I§y§% *E%é? éﬁ?r sepi ngggtaﬁc PdPRg to claim 11,
having at IeastSEmn A device according to claim 5 or:claim 6, wherein the

heavily doped semiconductor layer is of opposite conduc-
tivity type to the further semiconducﬁor layer.

10 9., . A device according to any one of claims 5 to 8,
wherein the heavily doped layer is a first heavily doped
layer, and there is a secdnd heavily doped layer of
opposite conductivity type to the first heavily doped layer

: beéween'the.first heavily doped layer and the further semi-

‘15 conductor layer.

10. A device according to any one of claims 5 to 9,
wherein the seéond heavily doped layer'is of n-type.

N\ 11. A device according to any one of the preceding

claims, having semiconductor isolation regiéns'of the samé
20 conductivity type as the heavily_doped layer surrounding
the resistor layers, each isolation region having a first
part extending from a surface of the body which (in the
continuation of that surface in the membrane portion) forms
the first surface; and a second part being a buried layer,

3 the bﬁried layer being heavily doped and having a

concentration gradiént the same as the heavily doped layer.

12. A device according to claim 11, having at least two



29 sem conductor regions constituting at Ieast'Bﬁé‘at%¥¥e\ng$Eg;\Ln t he
body, | east one of the isolation regions sep ' t he acti | ement

addi t
addi t
i sol a
subst a
in Figs.

conpri si
form ng
sem cond
side to
parti al |
cont ai ni

from¥he_xesistor |ayers. 13. A devi ce accordi ’l w”l avi ng
5 buried layers in the body bel ow t'he*acti mm’lp) t he

buried | ayers being of %pposrte conductivity t'ype 1@t he
egions. 14.° A sem condu

4 to 8, or Figs. 10 and 11, or Fig. 12, or Figs. 13 to 19, or

. Figs. 20 and 21 ofthe accpnpanyin raw ngs.. 15 A et f L
“manuf act EeRAGORAYEEPE oFeEL? %%?%q}a’(ﬂ%ga%]]ﬁ‘eaststﬂn@ ?g%g'g(r& t he met hod

VR

; : . ctor device having a pressure sensor i j
ally as herein described with reference to and as 10 illustrated =~

edemebhunt, bherBefer R IEPVE fHe W0 NERAC Rl pRG BN od Tover

g%&?QFEQ&ﬁ;EEQ?ﬁEEEQéngléﬁﬁhﬁeﬂ?&ﬁ”ﬁkgﬂfgsﬂgﬂﬁkfﬂdyéﬁ@he opposi te

e resistor layers are fornmed, to a depth extending

Y3i.ntoat Bevheei 88caPdinycto chaas 12, flawhmy rmedirtdonalayer
ng the resistor layers and a part of the heavily doped | ayer, to

expose t barlied ddybageinathe bedpnbelow fthe ackiveislemanty&)iedh®ayer has a

concentr
second s

‘directio

sem cond

10

ation gradient in a direction supstantially perpendicular to the
adﬁaceogaéhbunagdzsarﬁésrhﬁ&ﬁstgfc%?RQﬁ&PQHQQﬂ¢4§ﬁﬁ%%£§és in a

n ama¥.fronlthe second sugface. 16. A nethod of manufacturing a
S¥PSs! aeﬁpeelselatlon regions. S

14. A semiconductor device having a pressure sensor .

substantially as herein described With reference to and as
illustrated in Figs. 4 to 8, or Figs. 10 and 11, or Fig.
12, or Figs. 13 to 19, or Pigs. 20 and 21 of the ' |

accompanying drawings.

' 15. A method of manufacturing a semiconductor device:

15

20

25

having a pressure sensor, the method conmprising forming in
a semiconductor body a heavily doped buried*layei; forming“
semiconductor resiétor-layers in a first surface of the
semiconductor body; and etching the semiconductor body from
the opposite side to ﬁhat in which the resisfor 1ayerssa:é
formed, to a depth éxtending-partially into the bﬁried-
layer, so as to form a membréne'layer containing the
resistor layers'and a part of the heavily doped layer, to
expose the buried layer at a second surface, wherein the
buried layer'has'a“concentration gradient in a direction
substantially perpendicular to the second surface such that
the impurity'COncéntration'incréases”in a direction awaf
from the second surface.

16. A method of manufacturing a semiconductor device

&y



%ccording to claimi14, wherein said sen conductor body includes the (100)
plane. 17. A method of manufacturing a semconductor—deviee—aetoraing to

claim15 or claim 16, wherein the etching ste ' byl 7
ani sotropic etching with an alkali etchant. ]ﬁlﬂl”mmﬂ@ﬂﬂml] *turing
a sem conductor device according to any3ene of* clal s , erein the
-segiponductor-body consists of a p-type silicon substrate on which an -
n-type silicon layer is grown epitaxially, and 10 the heavily doped | ayer
"is an n+-type layer which is formed in a selected part of the silicon
substrate bef greolrdsngl @t B18int 18, CPhéALI Rl s8id | $ahi dop@ictald bodyA et hod
-of manufacturing a sem conductor device according to claim 18, wherein the
i mpurity concqhpidiaidedn the efobhepbanéype heavily doped | ayer has a peak
value of at least 1019 atons/cnB. 20. - A nmethod according to any one of

t he precedi ng1dl.ai nd melthodi oft nenhfagtiyingpedsemieondurtnndevdFeny -
formng a heavily doped region in a surface of a sem - 2Q.conduygtor )
substrate, anaccordiing 58 €pRriBxidl| oF aGEaim\ k6 (HREL]IN e &t g step
substrate, the resistor |ayers being forned ip the, epitaxial_..ayer . A
net hod acco#dilﬁg peg formet 5y, -aMEPE?ﬂpf‘ﬁr?ﬁ‘él?l_ﬂ%aﬁﬁ/) 3 kA ieg;&hlaég;érs

are formed simultan OU%&éggﬁgg %§“59§f§3+§“$ﬁ§id%“ié%ﬁa“°é§% devA deet hod

according to 2 m 21T rern 1 npurr uced Into parts of the
- epitaxial |ayglodRtdiNgtdOBRY one of claims 15 to 17, wherein the

semiconductor body consists of a p-type silicon substrate

- on which an n-type silicon layer is grown epitaxially, and

10 the heavily doped layer is an n+?type layer which is formed
in ﬁ-selected part of the silicon substréte before the
growth of the epitaxial silicon layet.

19. | A method of manufacturing a-semiconducto:.device
according to claim lé}.wherein the impurity_céncentration

15 of the n+-type heaéily doped layer has a peak value of at
least 1019 atoms/cm3. |
20. ' A method acéording to ahy-one_of the preceding

N claims,_whérein the heavily doped layer is produced by
formihg-a heavily doped #egion in a surface ofla semi-'

20 conductor substrate, and forming an eﬁita;ial layer over
the surface of the substrate, the resistor layers being
formed in'the epitaxial layer.

21. A method according to claim 20, wherein further
heavily doped buried layers are formed éimultaneously with

25 the said buried layer.

| 22. A method according to claim 21, wherein impurity is

‘introduced into parts of the epitaxial layer to form doped



3 1 regions of the sane conductivity typefas~%he\LgLLE§;a£ﬂ;Led | ayers, the
doped regions and the further buri-ed |ayer ﬂuiéning 'S | regions. 23.

A et | ccording to claim22 wherein |ay ’ll e conductivity
type {¢ said buried | ayer .are forned in Imﬂéﬂrl or to the
formagi of the epitaxial |ayerzithose |ayers iﬁcldding frrst |ayer o~

t he heavily doped | ayer, and second | ayers, such that the secong %
| ayers are subsequently isolated fromthe 10 heavily doped |ayer-by the

i sol ation regions. 24. A met hod according to claim 23, wher ei n
SeU‘CoﬂﬂgfﬁéﬁsréﬁﬂéﬁE;qua“dxﬁdﬂsdi%%%§ epelaki ¥ReCkRFBRErapgri@dned in the
epi taxia ayer above the second |ayeis, "and nmetal wiring layers are formed
connectj i\t tdle difsidigda | ohsa@ddleheh@uaehbyebak ea@nligeérs25. A et hod
of manufacturing a sem conductor device having a pressure sensor

subst angéshing asdlitdion desdionzad with reference to Figs. 4 to 8, or Figs.
10 and 11, or Fig. 12, or Figs. 13 to 19, or Figs. 20 and 21 of the acconp-
20 anyi2g. dr awimeghod according to .claim 22 wherein layers of :

5 opposite condhctivity'type'tOfthe said buried layer are
formed in the substrate pfior to the formatioh of the

epitaxial layer, those layers including a first layer -

overlying the hgaVily'doped-layer, and second layers, such Q_)

that the second layers are subsequently_isolated from the .
.lolheévily dopedilaYer'by the isoiation-regions.

24. A method according to claim 23, wherein semiconductor

regiohs forming at least one active element are formed in

. the epitaxial layer above the second layers, and metal

wiring layers are formed'connecting the resistor layers and
15 the active element(s).

25. A method of manufacturing a semiconductor device

having a pressure sensor substantially as herein described

with reference to Figs; 4 to 8, or Figs. 10 and 11, or Fig. W

12, or Eigs."l3 to 19, or Figs. 20 and 21 of the accomp-

20 anying drawings.
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