A METHOD OF FABRI CATI NG A SEM CONDUCTOR PRESSURE SENSOR The present

i nventiron relates to a nethod of fabricating a sem conductor pressure
sensor. It can be expected that a seniconductor pressure 5 sensor w ||
have the advantages of small size, |ow cost and a high pressure pergfr nce
as conpared with a nechani cal pressure sensor using a Bourdon tuybs ngZcq.
bell ows. A typical exanple of a sem conductor pressure sensor 'si licon
diaphr@gn]type pressure 10 sensor. - the structure of a silioten

di aphragm type pressure sensor is disclosed in, for exanple, "D aphragm
Formati on and Pressure Sensitivity in Batch-Fabricated Silicon Pressure
Sensors”, | ED\M TieeToomx abF OF ARTsIC ATREE 1) SEMEEOBD UCToRE PRRSSTRES SENSOR
publication considered the effects of controlling the thi ckness of the

di aphragm of the sensor. However, little consideration has been_given in
the art to the effect offhehPL§sARL,igventionorelnted kpnt aBRFPBAt°f he

I nventor of the pr nt. iqyention 2Q h%g found that it is inportant to
make the size and %@% &R FEEPR Qfi PEPFSURReAeP8PRT ng such

di aphragns, it is usual to use -2- an ani sotropic etching technique.
This is because the thickness of the diaphragmcan be controlled easily

when using such an et chify dfC WY @4pected that a semiconductor pressure

5 sensor will have the advantages of small size, low
N _ cost and a high pressure performance as compared with
a mechanical pressure sensor using a Bourdon tube or
a bellows. A typical example of a semiconductor
pressure sensor is a silicon diaphragm type pressure
10 sensor. The structure of a silicon diaphragm type
pressure sensor is disclosed in, for example,
.“Diaphragm Formation and Pressure Sensitivity 'in
- Batch-Fabricated Silicon Pressure Sensors”, IEDM
Technical Digest, December 1978, pp 96-99. This
15 publication considered the effects of controlling
the thickness of the diaphragm of the sensor.
However, little consideration has been given in
the art to ﬁhe effect of the size and shape of the
diaphragm, but the inventor of the pfesent invention
20 has found that it is importan; to make the size and
shapé of such diaphragms uniform.

When forming suCh'diaphragms, it is usual to use



In order that uniformstrains may be generated in 5 four_djffused

pi ezoresistors by pressure applied to a diaphragm it is desirable:that- the
di aphragmis circular. However, when a silicon (Si) substrate having a e
(100) c tall ographic plane is selectively etched by an ani sotropic:

etchin chnique, it is 10 difficult to forma conpletely circul ar

di aphragm because of the effect of the crystallographic direction. This is
true even if selective etching is peFTdﬁned using a mask with a circul;ar
opening. Thus it is common that the di aphragm structure has an 15 i

oct agonal or singhagd&égy€§§#§ﬂeeﬂﬁi té@ﬁﬂﬁéﬁg.zigghﬁgqgabeﬁgﬁggérthe

di stance fromthe center to"the periphery o ragmis ent at

the edges and conf@y $hHilkknmes ofhitHe MWalbhddddl daif el Idntrcllldakel y to be
i rregul ar over the di aphragm surface 20 t'hereby inevitably causing

irregularities iradiqyahel uWinhgfsudie ali fdattdhgitettindguet.ors. There is
al so the problemthat the size and shape of the diaphragmvaries in
dependence upon the etInhiordier rohatl hmificrse rdt raninesn tmayn bee glen elra tedeiaone,
or at 25 | east aneliorate these problens, by controlling the shape of
the di aphr&gm Cdemrmldififused eiegdnesistians ke pfesswre appliledt to a
sem conduct or regi ons of 3- different inpurity concentrations are etched
at different diaphragm, it is desirable that the diaphragm is
circular. However, when a silicon (Si) substrate .
having a (100) crystallographic plane is selectively ~
etched by an anisotropic etching technique, it is
10 difficult to form a completely circular diaphragm
because of the effect of the crystallographic
direction. This is true even if selective etching is
performed using a mask with a circular opening. Thus
it is common that the diaphragm structufe has an
15 octagonal or similariy polygonal shépe. With this
polygonal shape, the distance from the center to the
periphery of the diaphragm is different at the edges ‘;;
ahd corners thereof, which means that the strain is
likely to be ifregular over the'diaphragm surface
20 thereby ineﬁitably causihg irregularities in the
variations of the diffused piezoresistors. There is
also the problem ﬁhat the size and shape of the
diaphragm varies in dependénce upon the etching time.
The present invention seeks to overcome, or at
25 least ameliorate these problems, by.controlling the

shape of the diaphragm. Control in achieved by

making use of the fact that semiconductor regions of



rates. The prqsent’invention t herefore proposes a nethod of fabricating a
sem conduct or priessure sensor having a predeterm ned di aphragm

configuration, conprising the steps 5 . of: formng a highly dop regi on
In a single crystal sem conductor substrate with first and secqﬁéﬁpnincipal
pl anes facing each other by covering a pagt_of the first princi plane by
a mask for defining the predeterm ned 10 di aphragm confi guration, and

sel ecti vel y i ndiddeceng impurityesohcéntpapions cird letchdibtataidd Affer@nti S
not ¢éeYered by the mask; form ng an epitaxial sem conductor region on the
second princi pakRtgsaneThespresent ifvention stherefinlg tRIORGSFisoks mMeghogauge
resistors by selectively introducing inppurities into the epitaxial sem -
conduct or regi 8f; £aRELIEREARHG2aSBRIFORAUE IR RTRISYHS [RANFAT MaYidDther

than that in mhicH ghe bi QIg.doged regiop. is_formed, 20 usLn% t he hi ghly
doped regi on aBF§fi® Fﬁﬂ?ﬁg st opP ﬁ@?@b€°T FIYTAHY GERRIETR né@ed§§%PFagm
confi gur atison §E?h that it is bounded bY the highly doped region, whereby a
controlled recess providing the pre- determ ned di aphragm confi gurati on,

i ndependent of the CrysiaingrheRightyi @pdd Adipi PN UG SHshiate, is
formed. 25 Thus, in“the formati on of a sem conductor pressure

sensor the parkeficbh@uaubst sabsttaté owith hei vt A eacomd peinicipandoped

whi | st the surrounding parts may be highly doped. Then the part to formthe

di aphragm i s splenesvEaging each other by covering a part of the first

U ' principal plane by a mask for defining the predetgrmined

10 diaphragm confiqguration, and selectively introducing
impurities into a part of the substrate which is not
covered by the mask:

forming an eéitaxial semiconductor region on the
second principal plane;

15 forming semiconductor regions for gauge resistors by
selectively introducing impurities into the epitaxial semi-
conductor region; and

etching a part of the first principal plane other
kx than that in which the highly doped region is formed,

20 using the highly doped region as an etching stop thereby to form the
predetermined diaphragm configuration such that it is bounded by the
highly doped region, whereby a controlled recess providing the pre-
determined diaphragm configuration, independent of the crystal orien-
tation of the semiconductor substrate, is formed.

25 ' . Thus, in the formation of a semiconductor pressure
sensor the part of the substrate to form the diaphragm may

remain undoped whilst the surrounding parts may be highly

doped. Then the part to form the diaphragm is selectively



-3a- etched, wth the highly doped regions restraining excessi ve | ateral
etching. Thus the di aphragm may be forned accurately to a desired shape,
e.g. acircle. An enbodi nent of the present invention will now be 5

descri bede.in detail, by way exanple, with reference to the acconpanying

dr aw ngs@n which: Figure 1 and Figures 3 to 10 are sections show ng steps
in a nmeth of fabricating a pressure sensor, being a first enbodi nent of
the present invention,. 10 Ftglaes 2 and 11 are perspective views
show ng -4- the nethod of fabricating the pressure sensor of the fifet
enbodi ment, dddHEE, Wit thd HRFhIShQUped RgibAlsatrealsliRiRgt BREBsEIPEri ty
concentration in a sem conductor 5 substrate and etching rate with

ani sotropi ¢ kidrdlg etsshichegl kathuse tieC Hriphragmomag b8 £ormefl an view of a
conpl eted di aphragm pressure sensor nanufactured according to the first _
enbodi ment ciceumtmlas i 4 Mesittiesh shapeuee .Or.om checle. pl ane in which
gauge resistors are fornmed; Figure 14 is a section taken along the |ine
A-A" of Figure 13; Amerofiments ofs thes presensl laventippwivhglansenbe
5 described in detail, by way example, with reference to the
accompanying drawings, in which:
Figure 1 and Figures 3 to 10 are sections showing
steps in a method of fabricating a pressure sensor, being a N’
first embodiment of the present invention, .

10 Figures 2 and 11 are perspective views showing



conduct or substrateé manufactured according to another 15 enbodi ment of

the present invention. A first enbodi nent of the present invention will now
be described in detail with reference to Figures 1 to 11. STEP_1. 20 A
p -type singfe crystalline silicon substrate (or Si wafer) of I ghe

resistivity is prepared, which contains either a crystal plan 100y or a
crystal plane adjacent thereto. As shown in Figures 1 and 2, inpurities are
sel ecttvely introduced into the first 54 = princi pal plane (hereinafter
refer™éd to as the reverse surface) of the silicon substrate 11 by

deposition or ion inpl ant.ation | ) | | nLr t] f

I mpurities is an eﬁ?ee%?‘%'? °oérjtsézf%%a§%ﬂ|§nth’c%gggve?ﬁélﬁe}'u(rage-é%\?%rc]t&gggg%of
the present inventign.c@2SnaMddigtnidescribed subsequently. The inpurities
used may be either p-type or n-type. In 5 t he enmbodi nent now descri bed,

inpurities with a high difdussd ap copld ifddpH shoiihaion dthonship are

I ntroduced by ion inplantdation into a peripheral portion of the substrate

11 surrounding a regitwWedd anpuriMy dorcemaeasion lin ke denrited)dudterpr ovi de

a 10 p-type, highly doped region 12. The region |Ila, in which no

i npurities arge intraubstarhte sardretrhisny aate wicthe anigotwrapix dtaahigigape.

As shown in Figure 2, - _
using alkaline etchants;

Figure 13 is a plan view of a completed diaphragm
pressure sensor manﬁfactured according to the first
embodiment of the present invention, vigwed from the

10 piane in which gauge resistors are formed;
| Figure 14 is a section taken along the line A-A'
 of Figure 13; and |

Figure ‘15 is a sectional view showing a semi-
conductor substrate manufactured according to another

15 embodiment of the present invention.
A first embodiment of the present invention will
\_/ now be described in detail with reference to Figures
1 to 11.
STEP 1.
20 A p -type single crystalline silicon substrate (or
Si wafer) of a high reéistivity is prepared, which
contains either a crfstal pléne (1005 or a crystal
plane adjacent thereto. As shown in Figures 1 and 2,
impﬁrities are selectively introduced into the first
25 principal plane fhereinafter referred to as the

reverse surface) of the silicon substrate 11 by

deposition or ion impléntation using a mask 10. This



&

this is achieved by covering the region Ila with a circular pask 10. It is

preferable that the boron 15 ions are inplanted with an energy  between
75 keV and 125 keV, and that the inplanted dose is between 1014 .4
atons/[err]to 1016 atons/cn2. The mask 10 may be an insulating filmsuch

as Si2 f or alternatively a photoresist filmor a silicon nitrrde film
may be 2 used. It is necessary only that the nmask 10 is nmade of _a
materi al which bl ocks the introductian §ﬁ_i npurities into the substraﬂgg

STEP 2. After renoval of the nmask 10, oxide filnms | OA and | OB 25 €. 0.
of S.Oz are fornmed over both principal planes of the substrate. N-type

| npurities SUCh 3%aduBtVod D iMils B fes o LG \Bltk dritlyP diRe tiahit0 the

second -6- principal plane (hereinafter referred to as the upper
surface) of the gty rid adfiatay dhe tABrdmdides b udid dridwemxi de film
10A as a mask, as shown in Figure 3, to forman n type inpurity region 13.
If 5 t he met Henraitddn Orag il It diedenibeal dubseguemd y.np@hdies is
predeposition, inpurities such as Sb203 may be deposited on the surface of

the Si wafer by p[mguimidgisst hsedady bemrither gitrype ofr [rertyjpeand Irhe Si
wafer in a quartz tube, using Argon (Ar).-and 10 Oxygen [err] as carrier
gases, and5 nai nttdieniempaogiment now described, impurities with a high
| diffusion coefficient, such as boroh (B) ions, are
introduced by.ion implantation iﬁto a peripheral ';)
portion of.thé substrate 11 sufrounding a region lla
(in which a recess will be formed), to provide a
10 p-type, highly doped region 12. The regidn lla, in
which no impurities.are introduced, is formed so as
to have e.g. a circular shape. As.shdwn in Figure 2,
this is achieved by covering the region lla with a
circular mask 10. It is preférable that the boron
15 ions are implanted with,aﬁ energy between 75 keV and
125 keV, and that the implanted dose is between 1014 o
atoms/cxﬁ2 to 1616 atoms/cm?. The mask 10 may be an et
ihsulating film such as SiO2 film, br.alternatively
a photoresist film or a silicon nitride film may be
20 used. It is necessary only that the mask 10 is
made of a material which blocks the introduction of
impurities into the substrate. .
After removal of the mask 10, oxide films 10A and 10B
25 e.g.'of S.0z are formed over both principal planes of

the substrate. 'N-type ihpurities such as antimony

(Sb) ions are selectively introduced intc the second



furnace containing-fhe quartz tube at[err]. If ion inplantation is used,
however, the upper surface of the substrate, on which the e xi al region
is to be formed, would be damaged by ions if the ions were i mpl ant ed
to a high density in a single operation. Therefore, ion i npl antation is
carried out with an inplantation energy of between 75 keV and 125 keV at a
dose of 1 x 10 atons/[err], and this ion inplantation is repeated 2 or 3
timess ~20 A p-type isolation ré'gieor‘i‘ 14 is forned separate from
but shfrounding, the n -type region 13. The n+-type region 13 and the

p-type region 14 ar eriincipali pdemenddeided maff teac refidiaed ithe agr ¢de of their

formation being uninportant. The p-type 25 I solation region 14 is very
useful when a pressyppesessrfaned ofhdhecisunstiratiec mdjiasente tbothe tregied
on a single sem conductor, substr.ate. -.7- STEP 3. To provide drive-in

di ffusion, heat treddmi$dng the oxideatfila J0Aaas @amask,088 Showncanri ed
out in an oxidizing atnnspgere t% di ffuse4a high concentratign 5 of

inpurities into theFp8ESheralthdPoRHP YRS MR 1Ly, £89d 0 18pe If

zﬂbf;{)ﬁﬁ Ty sSNOWN ) BledWod tsda ¥ T Al 102 EHeOR-158 M I

impurities is predeposition, impurities such as Sb.,0

273

may be deposited on the surface of the Si wafer by

et placing both a solid impurity source of Sb,0., and the

273

Si wafer in a quartz tube, using Argon (Ar) and

10 Oxygen (02) as carrier gases, and maintaining a
furnace containing the quartz tube at 900°C. If ion
implantation is used, however, the upper surface of
the substrate, on which the epitaxial region is to
be formed, would be damaged by ions if the ions were

15 implanted to a high density in a single operation.
Therefore, ion implantation is carried out with an
implantation enérgy of betweeﬁ 75 keV and 125 keV at
a*dose of 1 x 1014.atoms/cm', and this ion .
implantation is repeated 2 or 3 times.

, 20 A p-type isolation region 14 is formed separate
from, but surrounding, the n+-type region 13. The
n+-type region 13 and the p-type region 14 are
formed independently of each other, the order of
their formation being unimportant. The p-type

25 isolation region 14 is very useful when a pressure
sensor and other circuit elements are to be formed

on a single semiconductor substrate.



L

concentration of about [err] atons/cnR. STEP 4. 10 Affer,reanaI of the
oxide filnms I1OA and 1 0B, an n-type Si region 15 having | ow concentration is

formed by epitaxial growh to a thickness of 25 to 30 pmover the upper .8
surface of the substrate, as shown in Figure 5. This epitaxial growh
changes 15 the n -type region 13 of the substrate surface into an n

+-type gigied region 13A, and the p-type region 14 into a p-type buried

regi on The epitaxial growth is pr§f§rably carried out by the thenggj 0

deconposition of silane [err] at about '[err]. 20 STEP 5. As snown _

in Figure 6, boron ions are selectively diffused into parts of the upper E

surface of the n-type gpgpegion 15 to create p-type diffused regions 16, :

which will form gauge TesTStOrs. A 25 suitabl e method of formng the

p-type diffused rpgi ppSvife Wakivaoinbgigeasibhgdhelt Eteatentisatading film

100 is fornmed over -8- the upper surface of the Si region 15. The

insulating film 108mpayakeréooredtelgastyllbeoffal isxcdizaedoout The anrface

of the Si region 15 Is oxidized so that the oxidized film100 (i.e. a film
oxidizing atmosphere to diffuse a high concentration

5 of impurities into the peripheral portion of the

reverse surface of the substrate, as shown in Figure

4, to form a deep p+-type region 12a with an impurity g,

concentration of about 1012 atoms/cm?. |
STEP 4. |
10 After removal of the oxide films 10A and_lOB, an

n-type Si region 15 having low concentration is
formed by epitaxial growth to a thickness of 25 to
30 um over the upper surface of the substrate, as
shown in Figure 5. This epitaxial growth changes

15 the n+-type region 13 of the substrate surface into
an n+-type buried region 13A, and the p-type region -
14 into a p~-type buried region l4a. The epitaxial
g}owth is preferably carried out by the thermal
decomposition of silane (SiH4) at about 1,100°C.

20 STEP 5.
As shown in Figure 6, boron ions are selectively
diffused into parts of the upper surface of the
n-type Si region 15 to create p-type diffused
regions 16, which will form gauge resistors. A

25 suitable method of forming.the p-type diffused
regions 16 will now be described;

First, an insulating film 100 is formed over



5 of SiQz) is formed by heating the Si substrate 11 supporting the S

region 15.in an atnosphere of wet 02 at [err] for 110 m ns. , I n order
t.o form four sem conductor resistor regions in the Si region above the
n+-type buriéd region 13a, the oxide 10 film2100 is selectively renoved

by a wel |l known techni que such as photo-etching to expose parts of the
n-type Si region 15. P-type inpurities_sgcb as boron (B) ions are ;
introduced into the exposed surfaces of the Si region 15 by predeposition
or iow’15 I npl antation, so that p-type diffused regions 16 of a depth

of 2 to 3 pmand a éﬂ@eﬁp§§§i§ﬁ§f$§e0£f199e0§ﬂ1P@?iéﬂufﬁ? afige f Or med: by
drive-in diffusion of the p-type inpurities into the Si region 15. The

predeposition i s achheybatdigSEiPhalo0gmaysbei flo2fed e.énDU%itﬂeﬁ@wlce of
B203 together with the Si wafer in a quartz tube, keeping the interior of
the quartz tube evasxbdiziathon. he@hengurbacquafzthabgitvegqbomtlpets],
thereby to deposit solid B203 over the surface of the Si wafer. If
predeposition is-usesdidizedrsohthas the dxidézed filhud0dn(itde dofdlmgl ass
covering the surfaces of the diffused regions 16 and the oxide film 100 is
removed. Then? a theh BiPae. isi farmednby heating thenfd swestrakedi}fused

regions 16 by oxidizing the exposed,surfaces of ,the diffused regions 16.
supgortlng he Si region 15 in an atmosphere "of wet

0, at 1,000°C for 110 mins. Next, in order to form
R four semiconductor resistor regions in the Si région
15 above the n+-type buried region 13a, the oxide
10  film 100 is selectively removed by a wellknown
techniqué such as photo-etching to expose parts of
the n-type Si region 15. P-type impurities such as
boron (B) ions are introduced into the exposed
surfaces of the Si region 15 by predeposition or ion
15 implantation, so that p-type diffused regions 16 of
a depth of 2 to 3 uym and a sheet'resistance of 100
U ohm per square are formed by drive-in diffusion of
] the p-type impurities into the Si region 15. The
predeposition is achieved by Si placing a solid
20 impurity source of 3203 together with the Si wafer in
a quartz tube, keeping the interior of the quartz
tube evacuated, and heating the quarz tube toe.about
900°¢c, thereby to deposit solid 8203 over the surface
of the Si wafer. If predeposition is used, after the
25 drive-in diffﬁsion, the boron glass'coyeriné the
surfaces of the diffused fegions 16 and the oxide

film 100 is removed. Then, a thin oxide film 100a



£

If ion inplantation is used, however, boron ions are inplanted.into the S

wafer at an inplantation 5 energy of 75 keV, and a dose of 1 x 1013
atons/cnR. In order to prevent the surface of the Si region 15 being . b
damaged b e ions during ion inplantation, it is preferable that the

oxi de fil Oa is formed before ion inplantation, and that the boron ions
are 10 then introduced through the oxide film|lQOGa into the Si region

15. The thin oxide film (100, |QCa) is %oLned by the thermal oxidizatij
STEP 6. As shown in Figure 7, highly doped p -type diffused 15 regions
17 (which wll formelectrode contacts) are fornmed.so that they are

connected to the {§r€%£ﬁ%§ 5¢efh€hgia%ﬁgggf§?ﬁ§§%5§§if605§1 ,i%F?%ﬁ%e

Si mul t aneously wt ormat | on of regl ons

di ffused regions dge ddRpdSideeusPadsst 6£26he difPREAG  rédfoRstype buried
I sol ation region 14a, and forman isolation region. STEP 7. ‘As shown in

Figure 8, n -type regipnsid®, impl&htaoichchannsed st hppevér, AEr i ovonled so
as to encl ose each 25 of the diffused regi ons(gauge resistors or piezo-
resi stive el ementaye limp¥dneedtinto the Skivafér| at 18 implameadeioby
contact photo-etching and al um ni um - 10 - 13
5 energy of 75 keV, and a dose of 1 x 10

atoms/cm?.
In order t6 prevent the surface of the Si region 15
being damaged by the ions during ion implantation, | ;)
it is_preferable that the oxide film 100a is formed
before ion implantation, and that the boron ions are
10 then introduced through the oxide film 100a into the
. si region 15. The thin oxide film (100,l100a) is
formed by the thermal oxidization.
STE? 6.
As shown in Figure 7, highly doped p+-type diffused
15 regions 17 (which will form electrode contacts) are
formed so that they are connected to the terminals -
of the diffused gauge resistors 16. Simultaneously
ﬁktﬁ the formation of the diffused.regions 17,
p+-type diffused regions 18 are formed so as to
20 contact the p-type buried isoclation region 1l4a, and
form an isolation region.
As shown in Figure 8, n+—type regions 19, which form
channel stoppers, are providéd so as to enclose each
25 of the diffused regions(gauge resistors or piezo-
"resistive elements) 16. After thaﬁ,_the oxide film

100 is treated by contact photo-etching and aluminium



(Al') wirings 20 formed by al um ni um vacuum evaporation and al um ni um
etching. The surface of the sem - conductor substrate 11 on which the Al .
wiring 20 is formed is covered with a passivation film21 (Fig 5 9)
of plasma nitride or Phosphorus Silicate @ ass (PSG. This pas tion film
preferably has a thickness of about 1.2 pm and is fornmed to prévent

contami nation of the oxide film 100 by fhggsurrounding atnosphere. It is
desirabte that plasma nitride is 10 used because it provides a stable
film ™ However, a lamnated filmin which a PSG filn{of about 0.2pm

thi ckness) and a pl GAIR Witihge 30| £éphedbByt a LurkiPiith Noaduas Sdvapsrd Ofamd
one over the other, can be used as the passivation film 15 STEP
8. In order to fornbdecalmphiamgnetesinsgowThe sugfues Of atite 1demi-

phot oresi st mask 24 is formed over the p -type region 12a in the peripheral
portion of the revetordectércsubstrake slbsonawkichinthe hal swirsingt20 20s

is anisotropically etched in a selective manner by al kaline etchants, such
as KOH, to form a rEexmed dsceoyered whthed Papsivatpontfblmoll tRigure

substrate 11._Due tQ the characteristics of_anisotropic, efching, the
etching rate Viffer ga?f%ﬁfa%c%’rt%%ez%r Phosphorys of bhicate(Fiass

12 the etching rat EPSChr opteab RETTSvaE 1o F i AEeberably has " O
thickness of about 1.2 pum, and is formed to prevent
s contamination of the oxide film 100 by the surrounding
atmosphere. It is desirable that plasma nitride is
10 used because it provides a stable film. However, a
laminaped film in which a PSG film(of about 0.2um
thickness) and a plasma nitride film(of about 1.1 um
thickness) are formed one over the other, cén be uséd
as the passivation film.
15 STEP 8.
In order to form the diaphragm, as shown in Figures
9 and 11, a photoresist mask 24 is formed over the
ﬁ“-type region 12a in the peripheral portion of the
reversé surface 6f the substrate, and the substrate
: 2Q + is aniSotropically etched in a selectiQe manner by
alkaline etchants, such as KOH, to form a recess 22
in the unmasked central portion of the substrate 11.
Due to the characteristics of anisotropic
etching, the etching rate differs greatly according
25 to different impurity concentrations in the semi-
conductor substrate. As illustrated in Figure 12,

the etching rate v drops abruptly at a high impurity



concentration of about 10 atons/cm. As a result, during this et chi ng
step, the central substrate portion which has a low inpurity concentrati-on
is rapidly-etched in the direction of the arrows, as 5 shown by the
broken lines in Figure 10, whereas the highly doped peripheral region 12a
Is hapdly etched at all. Consequently, the etching follows the shape of

t he s@ surfaces of the diffused region 12a. Etching in the | ateral

di rect¥on bf the substrate is 10 thys restricted because of the o,
formati on of the diffused region 12a. THik Treans that a circul ar recess™22
Is created if the mask used when the diffused region 12a.is fornmed has a

circul ar pattern.é@%?g gy% [ 1% ' doped n - 15
buried region 13a, t erIetc 1%a'i'tnég;mra eJ rop?'%abrﬁaﬁng}s%nthaﬁ:a}glra%s:@fye lrﬁ
obtained in the r RASIHAEH d SeHHi s S| pToReTallN ] g £hing. us
a di aphragm of a thi ckr?gss of 25 tlolf%oép?rﬁ(_su stant- | alcq%/ equath_ to that of_
the epitaxial regigyptich dthich MLV imfir iyl Tdricent¥ai o g% of a

di aphragm pressure sensor fornmed by the enbodi ment of the nethod-of the
present invention rdgsicilioestaiEl ein [thdidigertlibn dLithd arkdud hdicat ed by
a solid line is the shape of 25 athin filmportion providing the
di aphragm &nd a shosire B2 ahendinokend lijnes bimokRigured d s wheredmphef the
opening form ng t%i;ﬁ??ﬁﬁﬁpég“$§}f§§224¥gQé;ion 12a is hardly etched
at all. Consequently, the eiching follows the shape ;)
of.the side surfaces of the diffuéed region 1l2a.
Etching in the laferal direction of the substrate is
10 thus restricted because of the formation of the
diffused region 12a. This means that a circular
recess 22 is created if the mask used when the
diffused region 12a is formed has a circular pattern.
When the etching reaches the highly doped n+-type
15 buried region 13a, the etching rate drops abruptly so
that a flat base is obtained in the recess as a
result of the slowing down of the etching. Thus a
d&aphragm of a thickness of 25 to 30 pm (substant-
ially equal fo that of the epitaxial region) is
20 achieved. )
Figure 13 is a plan view of a diaphragm pressure
sensor formed by the embodiment of the method-of the
present invention described above. In Figure 13, a
circle 22b indicated by a solid iine is the shape of
25 a thin film portion providing the diaphragm, and a

circle 22a indicated by a broken line is the shape

of the opening forming the recess, which opening is



- 12 - in turn the shape of the mask used to formthe highly doped region
12a on-the back of the substrate 11. A passivation film 30 covers the
princi pal plane of the substrate in such a manner that termnals

bondi ng 5 " pads) 23 are exposed. This passivation film 30may b film of
CVD [err]- or a polyimde resin. As shown in Figure 13, the plurality ‘of .
p-type diffused regions 16, form ng gqug resistors [err] Rand [err], are
arranged at four places on the surface 1 of the thin filmportion,
paral™&l ‘to the direction of the axis <10> , which has the highest piezo-
resistive effect, did tesm &sorfliaRrg Qff ihemask ased kel formitde highdad p
+-type regions 17, the alu 20. The aI; I ni um

tacted b P g
wirings 15 20 M%%’é&?@e %st'r nlﬂlésrgk[wé’?r ]qg'?fm?“l!?_s’:irﬁtt@ bri dge
netvork vt per ! IS AR Y 32 S Thd S 0 BRI b ke
stoppers in Figure Jg ane i %Q{JH CH“nralzﬁ{-gre that Rrminah ey(o%r e ek
formed in an annul ar §hape SO as to enclose the p-type(ﬂ% use reglong 16

e o dodE% LEPRE, 2 P e il IO T oablS0R R o
(1) A recess of angidfaRs owb Bi0 OGP G WdlaKid resin.
As shown in Figure 13, the plurality of p-type
o ~diffused regions 16, forming gauge rgsistors (Rl, R2'
R3 and R4), are arranged at foqr places on the surface
10 of the thin film portion, parallel to the direction
of the axis 410> , which has the highest piezo-
resistive effect, and corresponding terminals are
formed of highly doped p+-type regions 17, contacted
by the aluminium wirings 20. The aluminium wirings
15 20 connect the gauge resistors Rl' Rz, Rj and R4 into
a bridge network with peripheral terminals 23.
Figure 14 is a section taken along the line A - A' of
Figure 13. The n+-type regions 19 acting as ehannel
stoppers in Figure 14 are omitted from Figure 13;
20 they are each formed in an annular shape so as to
- enclose the p-type diffuéed regions 16 and the p+-type _
regions 17. .
According to the embodiment of the present
invention described above, the following effects may
25 be obtained.

(1) A recess of any shape may be formed without any.

restrictions due to the crystal orientation of the



restrictions due'to the crystal orientation of the

substrate, by formng a local difference in inpurity concentration in the
sem - conductor substrate, and then selectively etching that portion of the .
When the recess

substr at ith a lower inpurity concentration. 5 (

-13: sem.conduct or

2)

i s bei ng\#&)ched, |ateral etching is restricted by a highly doped :

sem conduct-or region of an inpurity concentration of a

in etching tine. (3) Because it is easy to forma circ

sem conductor substrate, .a silicogsdiaggrag§1¥ﬁth,a circul ar
ralPAs*
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5 (2) wWhen the recess is being etched, lateral etching

is restricted by a highly doped semiconductor region

of an impurity concentration of at least 10

19

cm®. As a result, the shape of the recess is

atoms/

controlled and the shape of the diaphragm, particul-

10 arly its size, is not changed by variations in etching

time.

(3) Because it is easy to form a circular recess in

a semiconductor substrate, a silicon diaphragm with

a circular recess can be formed.

15 (4) Irregularities in strains due to the shape of

the periphery of the diaphragm can be eliminated by

adopting a circular diaphragm in a diaphragm pressure

sensor so that the temperature characteristics of the

diffused gauge resistors can be improved.

20 Other embodiments of the'present invention will

now be described.

In a second embodiment, step 6 may be carried

out before step 5. In this case, the diffused

regions 16 forming the gauge resistors are thermally

25 -influenced by the formation of the other diffused

regions 17 and 18. .However, the diffused regions 16

must have very accurate resistances, so that it is

p3



25 i nfl uenced by the formation of the other diffused regions 17 and 18.
However, the diffused regions 16 nust have very accurate resistances, so
that it is -14 - preferable that the diffused regions 16 are forned
after all the other sem conductor regions have been formed. In a j4asd
enbodi nment, to forma recess (or 5 - diaphragn) with a very ac.ely
control |l ed shape, p-type inpurities may be introduced in Step 1 o he
first-enbodi ment into both principal plant4 of the seniconductor substrate
by driwe-in diffusion, to formthe p+type region 12. This p +-type region

h h Lndi d he, br ok |i Fi £_15. _Th -
egion 12 rostrai nePFATBFAPL8: R hoEnAcdAEPasefl; Feplons ‘LhSsee ot T
est . . Poifa "
he stching 1o areet 18 Eg GERRE entARian BRFPERdPhs chaVdindhh " 1"

provide a sem condugfppentegrated circuit device in which a pressure
sensor and a peripheral circuit (e.g.,.a tenperature-conpensating circuit

or an anplifier circuit)rheguthedab¥mbb@iReRE;UES BEPMOA PESebY [ br 20
into a single sem conductor substrate. The peripheral circuit has at | east
one transistos (e.gdiaphraghirwithnai eépy, accusateébgutehttdolbe® Ehapé,
p-type impurities may be introduced in Step 1 of the
- first embodiment into both principal planes of the
semiconductor substrate by drive-in diffusion, to
form the p+-type region 12. This p+-type region 12
10 has shape indicated by the broken lines on Figure 15.
The p+—type region 12 restrains lateral etcﬁing. As
a result, it is easy to form a recess (or diaphragm)
of a predetermined shape, independent of variation in
the etching time.
15 In a fourth embodiment it is possible to provide
a semiconductor integrated circuit device in which a
O pressure sensor and a peripheral circuit (e.g.,.a
t;mperatureécompensating circuit or an amplifier
circuit) required by the.pressure sensor are built
20 into a single semiconductor substrate. The
peripheral circuit has at least one transistor (e.g.
a bipolar transistor, or an insulated gate field
effect transistor). ' For example, a bipolar type
transistor can be formed.in one n-type isolated
25 region which is enclosed by the isolation region (the
p+-type region 18 of Figure 7).

In a fifth embodiment N-type impurities may be



. ' g
effect transistor). For exanple, a bipolar type transistor can be forned in

one n-type isolated 25 regi on which is enclosed by the isolation region
(the p -type region 18 of Figure 7). In a fifth enbodi nent N-type s
inmpurities nmay be -15 - introduced in the step (2) of the first

enbodi nepito forman n -type buried region 13a (shown in Figure 5).- This
st ep, i.{£§>the formation of the n -type buried region 13a is inportant for
accurateNGegntrol 5 of the thickness of the diaphragm However, that>-
step is not essential when the di aphraagmis formed by ani sotropic etchi™y.
A pressure sensor fabricated by the method of the present invention can be
applied to a pressure- 10 nmeasuri ng device for an autonotive engi ne, an
oi | pressure neatttfodpahsliioe ther steg i(f)caf shlyFivsmnembeaifaent - 16 -
CLAI M5: 1. A met hod of fabricating a sem conductor pressure sensor

havi ng a predet efdri fFRs dimpghrdyme AWEiged aegden ddaplisbowg iheFigepe of :

5). This step, i.e., the formation of the n+—type
buried region 13a is important for accurate control
5 of the thickness of the diaphragm. However, that
step is not essential when the diaphragm is formed
by anisotropic etching. o/
A pressure sensor fabricated by the method of
the present invention can be applied to a pressure-
10 measuring device for an automotive engine, an oil
pressure measuring device, or a clinical sphygmomano-

meter.



5 formng a highly doped region in a single crystal sem conductor
substrate*with first and second principal planes facing ea t her by
cavering a part of the first principal plane by a mask for i ning the

pr edet er mi ned di aphragm configuration, and sel ectively introducing 10
inmpurities into a part of the substrate which is not covered by the:#aask;
form ng an epitaxial sem conductor regrbﬁQDﬁ t he second principal plane;

f or ming sem cofLAIM®T regions for gauge resistors by 15 selectively
intrddlcing inpurities into the epitaxial sem- conductor region; and
etching a partlef thedmehodhdaRAicAtdRNg &t FEMiCKRfUCKRE PHORENER t he

hi ghl y doped region is formed, usjng the hjghly.doped regi.on as.an etching
stop t her eby t?é%?ﬁ?nQ?ﬁiﬁﬁ)a é%ﬁﬂﬁﬂgﬁ %ﬂﬁ%ﬁ?%ﬁﬂ% ESHgﬁgﬁféFFBH'such
that it is bou Y. & ' V. regi on, whereby a controlled recess
provi di ng the %%p%eﬁgrﬁ\%ggtﬁp%g%ﬁgggm configuration, independent of the

crystal orgen- tationeinidlp 5 HIHRKEIg¥a on2li® al $ihQieerydtal A
met hod of tabricating a sem conductor device Z5 accordingto claiml,

wherein the segémridshitidton Hilddtastd Wikl Biist) lande seicbndopravnbipaat e of
whi ch the principal plane thereof is positioned in or adjacent to the (100)
pl ane thereof .planes Iffacimyy each Atheirhdy afovieatinge at ipagta ofetrheofidwstor
device principal plane by a mask for défining the predetermined
U diaphragm configuration, and selectively introducing
10 impurities into a part of the substrate which is not
covered by the mask;
forming an epitaxial semiconductor region on the
second principal plane;
forming semiconductor regions for gauge resistors by
15 selectively introducing impurities into the epitaxial semi-
conductor region; and
etching a part of the first principal plane other
| than that in which the highly doped fegion is formed,
N\ using the highly doped region as an etching stop thereby to form the
20 predetermined diaphragm configuration such that it is bounded by the
highly doped region, whereby agxx&zolhmirecess1;«nd£ﬁn§-ﬂuapre—
determined diaphragm configuration, independent of the crystal orien-
tation of the &mﬁcqmixtorsmb#ﬂxme,js formed.
2. A method of fabricating a semiconductor device
25 according to claim 1, wherein the semiconductor substrafe
is a crystalline silicon substrate of which the principal

plane thereof is positioned in or adjacent to the (100)

plane thereof.

-
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according to claim1 or claim2, wherein the etching step is conducted by
ani sotropi c etching using alkallne etchants. 5 4. The net hod of .
fabricating a sem conductor device according to any one of the precedlng

cl ai s, ein the highly doped region has an inpurity concentration of at
3 Ieast 1 atons/cm 5. A nmet hod of fabricating a sem conductor*device
10 substantially as any one herein described with reference to and as

illustrated in the acconpanyi ng draw ngs. N
4 _ 17 _ %
3. A method of fabricating a semiconductor device

according to claim 1 or claim 2, wherein the etching step
is conducted by anisotropic étching uéing alkaline
etchants.

5 4. The method of fabricating a semiconductor device
.according to any one of the preceding claims, wherein the
highly doped region has an impurity concentration of at o

19 3 o
least 10 atoms/cm”.

5. A method of fabricating a semiconductor device

10 substantially as any one herein described with reference to

and as illustrated in the accompanying drawings.
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