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MANUFACTURE OF SEMICONDUCTOR DEVICES

This invention relates to the manufacture of semiconductor
devices.

In previously known bipolar transistor manufacturing methods, it
has generally been customary to adopt procedures which comprise the
steps of first forming a buried layer and an N-type epitaxial layer,
and then double-diffusing impurities of first and second conduction
types selectively into an active region which is surrounded by isolated
inter-element regions, thereby forming a base region and an emitter
region. _

The latest developments of process technology have given rise to
requirements for realising higher integration densities and higher
operational speeds of the elements. For the purpose of meeting such
requirements, it is usual to employ a polycrystalline silicon washed
emitter (hereinafter referred to simply as a poly-washed emitter)
structure. The use of a poly-washed emitter structure makes it
possible to form a self-matched emitter region. Such structure
contributes to a reduction in siée of an emitter opening (which results
in reduction of the cell size), and also to a decrease of base
broadening resistance Rbb' which consequently results in advantages
which allow obtaining a higher integration density and higher
operational speeds of the elements.

A description of a p}eviously proposed method for the manufacture
of a bipolar transistor which has a poly-washed emitter structure will
now be given with reference to Figures 3A to 3F of the accompanying
drawings. First, as shown in Figure 3A, an N-type buried layer 32 and
an N-type epitaxial layer 33 are formed on a P-type semiconductor
substrate 31. Then, a P-type isolated inter-element region 34 and
another isolated inter-element region 35 composed of a thick thermal -
oxide layer are formed. Then, a P-type impurity is selectively ion-
implanted into an active region 36 which is surrounded by the isolated
inter-element regions 34 and 35 to thereby form a base region 37. An
N-type impurity is ion-implanted into a pcrtion where a collector
contact is to be formed, thereby forming a collector lead region 38
which extends to the buried layer 32. Subsequently, a silicon dioxide
film 39 is formed by chemical vapour deposition (CVD) or the like on
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39e and 39c¢ in the portions correspondlng to the emitter region (which
will serve also as an emitter contact) and the collector contact of the
active region 36.

In the next step, as shown in Figure 3C, the resist mask 40 on
the silicon dioxide film 39 is removed, and a polycrystalline silicon
layer 41 is formed on the silicon dioxide film 39 including the windows
39e and 39c. Thereafter, an N-type impurity (e.g. As*) is ion-
implanted into the polyerystalline silicon layer 41, and a heat
treatment is performed so as to diffuse the N-type impurity from the
polycrystalline silicon layer §1, thereby forming an emitter region U2e
(which serves also as an emitter contact) and a collector contact 42¢
{(which is represented by a broken line) in a self-matched state.

Subsequently, as shown in Figure 3D, the polycrystalline silicon
layer 41 is patterned.

In the next step, as shown in Figure 3E, a resist mask 43 is
formed on the polycrystalline silicon layer 41 and the silicon dioxide
film 39, and then the silicon dioxide film 39 is etched through the
resist mask 43 so as to form a window 33b at a position which
corresponds to the base contact.

Subsequently, as shown in Figure 3F, an aluminium layer is formed
on the entire surface after removal of the resist film 43, and the
aluminium layer is patterned so as to form an emitter electrode H44e
which is connected to the emitter region 42e through the
polycrystalline silicon layer U1, a base electrode Ulib which is
connected to the base region 37, and a collector electrode Ulic which is
connected to the collector contact 42¢ through the polycrystalline
silicon layer 41. A desired bipolar transistor is thus produced.

According to the above-described previously proposed method of
manufacturing a bipolar transistor, the step of forming the winaows 39e
and 39c which are opposed to the emitter region 42e and the collector
contact 42c is different from the step of forming the window 39b which
is opposed to the base region 37, whereby a total of two resist masks
(the above-mentioned masks 40 and 43) are required for opening the

windows. Particularly when forming a composite device comprising a
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masks are required for forming elements and these are additional to the
aforementioned window opening resist masks, whereby the manufacture of

a composite device becomes complicated.
It has recently been observed that, in accordance with a trend
10 towards faster operation and higher frequency band in the linear
technical field for public use (including analog integrated circuits
ﬁ (ICs), analog large scale integration (LSI) devices, etc.), some
devices have been proposed which utilise the poly-washed emitter type
in the general linear process as well., For the purpose of improving
15 the noise and frequency characteristices, it is desired that a
metal-insulator-semiconductor (MIS) capacitor be employed as a filter.

However, since a composite device is produced by a combination of

different steps for the individual elements as described above, the
steps become complicated and adverse influences occur due to heat
20 treatment and so forth when forming other elements, which consequently
causes a deterioration in the precision of control of the capacitance,
thereby causing additional difficulties during manufacture (including
the simultaneous production of an MIS capacitor for a transistor of.a
poly-washed emitter structure).
( 25 fccording to the invention there is provided a method of
i . manufacturing a semiconductor device, the method comprising the steps
of :
forming simultaneously s plurality of openings for ohmic contact
portions in a surface layer of a semiconductor substrate;
30 forming a semiconductor layer over the entire surface layer
including said openings for ohmic contact portions; and
selectively introducing impurities by ion implantation into
contact portions and isolated other element regions of the
semiconductor layer to produce a transistor and at lLeast one other

35 element.

Preferred embodiments of the invention described hereinbelow

solve or at least alleviate the problems described above; and provide
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ontact is to be formed, thereby formng a collector lead region 38
hi ch extends to the buried layer 32. Subsequently, a silicon dioxide
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enabling simultaneous production of a transistor and at least one other
element (such as a transistor of another type, and/or a resistor and/or
a capacitor) in which the process steps during manufacture are
5 simplified.

The invention will now be further described, by way of
illustrative and non-limiting example, with reference to the
accompanying drawings, in which:

Figures 1A to 1J illustrate sequential steps of a first method

10  embodying the invention for manufacturing a composite semiconductor
L device;
a Figures 2A to 2M illustrate sequential steps of a second method
1 embodying the invention for manufacturing a composite device; and
Figures 3A to 3F illustrate sequential steps of a previously
15 proposed method of manufacturing a bipolar transistor.
Figures 1A to 1J illustrate a first semiconductor device

manufacturing method embodying the invention and, in particular,

sequential steps in the method, which is for simultaneously producing

an NPN type bipolar transistor of a poly-wasned emitter structure and
20 a resistor composed of polycrystalline silicon. The individual steps
' will be described sequentially.

First, as shown in Figure 1A, an N-type buried layer 2 and an N-
type epitaxial layer 3 are formed on a P-type semiconductor substrate
(e.g. a silicon substrate) 1, and then a P-type isolated inter-element

< 25 region 4 and another isolated inter-element region 5 in the form of a

' thick thermal oxide layer (e.g. a silicon dioxide layer) are formed.
Then, a P-type impurity is selectively ion-implanted into an active
region 6 which is surrounded by the isolated inter-element regions y

and 5, to thereby form a base region 7. Simultaneoqsly, an N-type

30 impurity is ion-implanted into a portion where a collector contact is
to be formed, thereby forming an N-type collector lead region 8 which
extends to the buried layer 2. Then, a silicon dioxide layer 9 is
formed by chemical vapour deposition (CVD) or the like on the entire

surface inclusive of the active region 6.

35 Subsequently, as shown in Figure 1B, 3 resist mask 10 is formed
on the silicon dioxide film 9, and the fiim 9 is then selectively

etched through the resist mask 10 to open, simultaneously (that 1s, in
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the same process (etching) step), windows 9e, 9b, 9¢ which correspond,
respectively, to an emitter region (which serves also as an emitter
contact), a base contact and the collector contact in the active
region.

In the next step, as shown in Figure 1C, the resist mask 10 on
the silicon dioxide film 9 is removed and a polycrystalline silicon

' layer 11 is formed by CVD or the like on the silicon dioxide film 9

including the windows 9e, 9b, 9c.

Subsequently, as shown in Figure 1D, a resist mask 12 is formed
on the polycrystalline silicon layer 11, and a P-type impurity, such as
a boronic impurity (e.g. BY, BF2*), is ion-implanted through a window
12R of the resist mask 12 into a portion 11R which serves as a resistor
part 11r constituted by the polyecrystalline silicon layer 11,

Then, as shown in Figure 1E, the resist mask 12 on the
polycrystalline silicon layer 11 is removed and another resist mask 13
is formed on the layer 11. Thereafter, a P-type impurity (e.g. B,
BFz*) is ion-implanted through windows 13t, 13b of the resist mask 13
into resistor contact portions 11t of the polycrystalline silicon layer
11 and a portion 11b which corresponds to the base contact and later
partially constitutes a base electrode.

Next, as shown in Figure 1F, the resist mask 13 on the
polycrystalline silicon layer 11 is removed and a resist mask 14 is
formed on the layer 11. Thereafter, an N-type impurity (e.g. As¥) is
ion-implanted through windows 1ile, 1l4c of the resist mask 14 into a
portion 1le which corresponds to the emitter region of the
polycrystalline silicon layer 11 and later partially constitutes an
emitter electrode, and a portion 11c¢c which corresponds to the collector
contact of the layer 11 and later partially constitutes a collector
electrode.

Subsequentiy, as shown in Figure 1G, the resist mask 14 on the
polycrystalline silicon layer 11 is removed and then a silicon dioxide
film 15 is formed on the layer 11 by CVD or the like. The silicon
dioxide film 15 functions as a cap film for preventing scattering of
the impurities from the polycrystalline silicon layer 11 during heat
treatment, which is to be performed during the next step, and also for
preventing the mutual mixing of impurities of different conduction

types. Thereafter, the heat treatment is performed. In this stage,
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emitter region 16e and a collector contact 16c (shown by a broken
line). Simultaneously, the P-type impurity from the portion 11b which
corresponds to the base contact of the polyerystalline silicon layer 11
is diffused into the base region 7 so as to form a base contact 16b

10 (shown by a broken line).
In the next step, as shown in Figure 1H, the cap silicon dioxide
(? film 15 on the polycrystalline silicon layer 11 is entirely removed,
and then the layer 11 is patterned. In this stage, the patterning is
performed so as to leave the resistor part 11r, the resistor contact
15 portions 11t, the portion 1le which corresponds to the emitter region
16e, the portion 11b which corresponds to the base contact 16b, and the

portion 1ic which corresponds to the collector contact 16c.
Subsequently, as shown in Figure 1I, a relatively thin Si3Nu film
17 is formed on the entire surface by decompressed CVD or the like, and
20 then a relatively thick silicon dioxide film 18 is formed on the entire
surface. Thereafter, the silicon dioxide film 18 is patterned so as to
be partially left on the resistor part 11r and the resistor contact
portions 11t. In this state, the Si3Nu film 17 functions as an etching
stopper to prevent removal of the silicon dioxide film 9 which is
G 25 located underneath it. i
In the next step, as shown in Figure 1J, the Si3N, film 17 is
removed by etching with hot phosphoric acid or the like in a manner
such that the portions which are under the silicon dioxide layer 18 are
left. Thereafter, an aluminium layer is formed on the entire surface
30 and is then patterned so as to form a pair of resistor electrodes 19t,
an emitter electrode 19e, a base electrode 19b and a collector
electrode 19c, thereby producing a composite device which comprises a
bipolar transistor Tr of a poly-washed emitter structure and a resistor
R.
35 A second method embodying the invention for simultaneously
producing the above-described composite device and, also, an MiS

capacitor will now be described with reference to Figures 24 to 2M,
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region 7 and an N-type collector lead region 8 are formed on a P-type

silicon substrate 1. Thereafter, a silicon dioxide film 9 is formed by
CVD or the like on the entire surface inclusive of active regions 6a
and 6b. '
10 In the next step, as shown in Figure 2B, a resist mask 10 is
formed on the silicon dioxide film §, and the film 9 is then
selectively etched through the resist mask 10 to open, simultaneously,

P o, -

(that is, in the same process (etching) step), windows 9e, 9b, 9c, 9g
which correspond, respectively, to an emitter region (which also serves
15 as an emitter contact), a base contact and a colléctor contact in the
activé region 6a, and one electrode lead region of the MIS capacitor in
the active region 6b.
Thereafter, as shown in Figure 2C, the resist mask 10 on the
silicon dioxide film 9 is removed and a polycrystalline silicon layer
20 11 is formed by CVD or the like on the silicon dioxide film 9 including
the windows 9e, 9b, 3¢, 9g.
In the next step, as shown in Figure 2D, a resist mask 12 is
formed on the polycrystalline silicon layer 11, and a P-type impurity,
such as a boronic impurity (e.g. B*, BF,"), is ion-implanted through a
C 25 window 12R of the resist mask 12 into a portion 11R which serves as a
resistor part 11r constituted by the polycrystalline silicon layer 11.
Then, as shown in Figure 2E, the resist mask 12 on the
polycrystalline silicon layer 11 is removed and another resist mask 13
is formed on the layer 11. Thereafter, a P-type impurity (e.g. BY,
30 BFZ*) is ion-implanted through windows 13t, 13b of the resist mask 13
into resistor contact portions 11t of the polycrystalline silicon layer
11 and a portion 11b which corresponds to the base contact.
Next, as shown 1in Figure 2F, the resist mask 13 on the
polycrystalline silicon layer 11 is removed and a resist mask 4 is
35 formed on the layer 11. Thereafter, an N-type impurity (e.g. As¥) is
ion-implanted through windows ile, ilic, 1ldg of the resist mask 14 into
a portion 1le of the polycrystalline silicon layer 11 which corresponds
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to the emitter region, a portion 11¢ of the layer 11 which corresponds
to a collector contact, and a portion 11g of the layer 11 which
corresponds to the one electrode lead region of the MIS capacitor.
Subsequently, as shown in Figure 2G, the resist mask 14 on the
5 polycrystalline silicon layer 11 is removed and then the
polycrystalline silicon layer 11 is patterned. In this stage, the
patterning is performed so as to leave the resistor part 1tr, the
resistor contact portions 11t, the portion 1le which corresponds to the
emitter region, the portion 11b which corresponds to the base contact,
10 the portion 11c which corresponds to the collector contact, and the
portion 11g which corresponds to the one electrode lead region of the.
{ MIS capacitor.
Next, as shown in Figure 2H, a relatively thin Si3Nu film 17 is

formed on the entire surface by decompressed CVD or the like, and then
15 a relatively thick silicon dioxide film 15 is formed on the Si3Nq film
17 by CVD or the like. In similar member to the first embodiment, the
silicon dioxide film 15 functions as a cap film. Thereafter, heat
treatment is performed. In this stage, the N-type impurities from the
portion 1le of the polycrystalline silicon layer 11 which corresponds
20 to the emitter region, the portion 11c of the jayer 11 which
corresponds to the collector contact, and the portion 11g of the layer
.11 which corresponds to the one electrode lead region of the MIS
capacitor are diffused into the base region 7, the collector lead
region 8 and the active region éb, which are located under such
Q 25 portions, respectively, thereby forming an emitter region 16e (which
also serves as an emitter contact), a collector contact 16c {shown by
a broken line) and the one electrode lead region 16g of the MIS
capacitor. Simultaneously, the P-type impurity from the portion 11b of
the polycrystalline silicon layer 11 which corresponds to the base
30 contact is diffused into the base region 7 so as to form a base contact
16b (shown by a broken line).

Next, as shown in Figure 21, the silicon dioxide film 15 is

patterned so that the portions thereof on the resistor part 11r and the
resistor contact portions 11t are left unremoved. In this stage, the

35 Si3Nu film 17 functions as an etching stopper to prevent removal of the
silicon dioxide film 9 which is located underneath it.

Subsequently, as shown in Figure 2J, the Si3Nu film 17 is etched
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In the next step, as shown in Figure 2K, a resist mask 20 is
for-med on the entire surface, and the silicon dioxide film 9 is then
5 se_ectively etched through the resist mask 20 to open a window 9m which
communicates with the active region 6b and determines the capacitance
(area) or the MIS capacitor..
Next, as shown in Figure 2L, a Si3Nu film 21 which is thicker
than the Si3Nn film 17 is formed on the entire surface by decompressed

10 CVD or the like, and the film 21 is then patterned so that the portion

of the film 21 which corresponds to the window 9m is left. The Si3Nu
fiim 21 is used as a dielectric film of the MIS capacitor.

Thereafter, as shown in Figure 2M, an aluminium layer is formed
on the entire surface and is then patterned so as to form a pair of

15 resistor electrodes 19t of the resistor part 1ir, an emitter electrode
19e, a base electrode 19b, a collector electrode 19c, an electrode 19g
of the MIS capacitor, and another electrode 19m of the MIS capacitor,
thereby producing a composite device which comprises a bipolar
transistor Tr of a poly-washed emitter structure, a resistor R and an

20 MIS capacitor C.

Accoraing to this embodiment, as described above, windows Ge, 9p,
9¢ which correspond to ohmic contacts of a transistor, i.e. an emitter
region 16e, a base contact 16b and a collector contact 16c, and also

p another window 9g which corresponds to an ohmic contact of the MIS

capacitor, i.e. one electrode lead region 16g of the MIS capacitor (as

shown in Figures 1B and 2B), can be formed at the same time. After a

polycrystalline silicon layer 11 is formed on the entire surface
including the windows 9e, 9b, 9c, 9g which correspond to such ohmic
contacts, P-type and N-type impurities are selectively introduced by
30 ion implantation into the portions 1le, 11b, 1ic, 1ig of the layer 11

which correspond to the ohmic contacts and the isolated other element

rezion 11R, whereby the resistor R and the MIS capacitor C can Dpe

pr-.duced simultaneously with the bipolar transistor Tr. Furthermore,

sizce only a single resist mask (the masx 10) is required for forming

35 tr.z windows 9e, 9b, 9c, 9g which correspond to the ohmic contacts, the

f stzps of forming the ohmic contacts are simplified. Particularly in

trz case of simultaneously producing the MIS capacitor C therewith, tne

e
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5 the dielectric film is not affected), thus producing a satisfactory MIS
capacitor with high precision of control of the capacitance.

In addition, as described 1in connection with the second
embodiment where the polycrystalline silicon layer 11 is patterned
immediately after the step of ion implantation (shown in Figures 2D to

10 2F), the cap silicon dioxide film 15 formed thereafter can be patterned

without being entirely removed and can therefore be utilised as an

é’ interlayer insulator film for the resistor contact portions 1it.

Consequently, it becomes possible to eliminate the double operation of

first forming the cap silicon dioxide film 15 as in the first

15 embodiment and, after the heat treatment, removing the entire ecap

silicon dioxide film 15, then forming a silicon dioxide film 18 again

and patterning it to obtain an interlayer insulator film for the
resistor contact portions 1it.

Also, with regard to the step of ion implantation, an advantage

20 is obtained in that, since the ion implantation is executed into the
substrate where the element regions and the windows corresponding to

the entire ohmic contacts relative to the elements have previously been

formed, the ion implantation for the individual conduction types as a

whole ranges from a minimum of twice (once for P-type and once for N-

25 type) to a maximum of four times (twice for P-type and twice for N-

type), so that the steps of ion implantation can be simplified. In

this embodiment, the ion implantation is repeated only a total of three
times (twice for P-type and once for N-type).

Also, the polycrystalline silicon layer 11 can be used to obtain

30 both a polycrystalline silicon layer which is used for forming the

resistor part 1ir, the resistor contact portions 11t and the portion

11g corresponding to one electrode lead region 16g of the MIS

capacitor, and another polycrystalline silicon layer which is used for

forming the contacts to the diffused regions 16e, 16b, 16c of the

35 bipolar transistor Tr. Therefore, all of the contact portions can be

formed out of the single polycrystalline silicon layer 11 during one

patterning step, hence simplifying the process for shaping the contact
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gi ons of e sem conductor layer to produce a transistor and at
ast one ot her 3%he fafsthephodiment relates topyhef dimuétianasys diresudtd onfoft ar

vention degpgided BeiRbAPEaAWistor Tr and a resistor R; while the second
embodiment relates to the simultaneous production of an NPN-type

5 bipolar transistor Tr, a resistor R and an MIS capacitor C. However,
a PNP-type bipolar transistor may be produced in place of the above
NPN-type bipolar transistor, or a MOS transistor may be produced as
well. Furthermore, it is possible to simultaneously produce a bi-MOS
transistor or a bi-CMOS transistor with a resistor and a MIS capacitor.

10 According to the above-described semiconductor device
manufacturing methods embodying the invention, windows corresponding to

(? ohmic contacts are opened at the same time and, after a semiconductor
layer is formed on the entire surface including such open windows,

impurities are selectively introduced by ion implantation into the

15 portions of the semiconductor layer which correspond to the contacts

and the isolated other element region to produce a transistor and at
least one other element. -Consequently, simultaneous production of a
transistor and other elements (e.g. resistor and capacitor) can be
realised with a simplified process of manufacture,
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CLAIMS

1. A method of manufacturing a semiconductor device, the method
comprising the steps of: '

forming simultaneously s plurality of openings (9e, 9b, 9¢; 9Ye,
9b, 9c, 9g) for ohmic contact portions in a surface layer (9) of a
semiconductor substrate (1);

forming a semiconductor layer (11) over the entire surface layer
including said openings for ohmic contact portions; and

selectively introducing impurities by ion implantation into
contact portions and isolated other element regions (11e, 11b, 11c,
11t, 11R; 11e, 11b, 1ie, 11g, 11t, 11R) of the semiconductor layer (11)
to produce a transistor (Tr) and at least one other element (R; R, C).

2. A method of manufacturing a transistor (Tr) and at least one
other device (R), the method comprising the steps of:

forming N and P regions (2, 3, 4, 6, 7, 8), including a base
region (7) and a collector lead region (8), in a substrate (1);

forming an insulating film (9) on a surface of the substrate (1);

forming a first resist mask (10) on the insulating film (9);

selectively etching the insulating film (9) through the first
resist mask (10) to form a plurality of windows (9e, 9b, 9¢c) to the
substrate (1);

removing the first resist mask (10);

forming a polycrystalline layer (11) on the insulating film (9)
and in the plurality of windows (9e, 9b, 9c);

forming a second resist mask (12) on the polycrystalline layer
(11);

ion-implanting a P-type impurity through a window (12R) of the
second resist mask (12) into a portion (11R) which will be a resistor
part {11r) of the polycrystalline layer (11);

removing the second resist mask (12);

forming a third resist mask (13) on the polycrystalline layer
(11);

effecting ion-implantation through windows (13t, 13b) of the
third resist mask (13) to form resistor contact portions (11t) and a
base contact portion (1ib) which will correspond to a base in thq

—
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abl i ng simul taneous production of a transistor and at Teast one ottret
ement (such as a transistor of another type, and/or aTiieShe&HRE Bah déphced

capacitor) in which the process steps during nanufactu

nplified. The invention will now be further E‘EE"‘H uum,nla
Illustrative and non-limting ex@anple, with refe

conpanyi ng draw ngs, in which: Figures 1A to 1J illustrate

steps of a first nmethod 10 enbodyi ng the invention for

nuf act ur i prgyaryshapdéne dateen{ toriduct or devi ce; Fi gures 2A

2K i1 ustrat e,gReusdicheltnstERIs 0t aSRCONRY; Met hod enbodyi ng the
vention for rranuf acturing a conposite de

3F illustratefe@dnért ifaert éﬁ%‘s('if ”’%Ls‘bréyPo%ltpe polycrystallme 1

gur es 3A
yer

(11);

effecting ion-implantation through windows (1le, 1ilic) of the
fourth resist mask (14) into portions (11e, 11c) of the polycrystalline
layer (11) which correspond to an emitter region and a collector
contact:

removing the fourth resist mask (14);

forming another insulating film (15) on the polycrystalline layer
(11);

heat treating the substrate structure and diffusing on N-type
impurity from the portions { tie, 11c) of the polycrystalline later (11)
which correspond to the emitter region and the collector contact into
the base region (7) and the collector lead region (8), respectively, to
form the emitter region (16e) and the collector contact (16¢c) and
simultaneously diffusing a P-type impurity from the base contact
portion (11b) of the polycrystalline layer (11) into the base region
(7) to form a base contact (16b);

removing the other insulating film (15);

forming patterns in the polycrystalline layer {(11) to leave the
resistor part {1ir)}, the resistor contact portions (11t), the portion
(11e) which corresponds to the emitter region (16e), the base contact
portion (11b) and the portion (11¢) which corresponds to the collector
contact (16c);

forming a thin film (17) on the patterned polycrystalline layer
(11);

forming a relatively thick insulating film (18) on the thin film
(17);

patterning the relatively thick insulating film (18) so that it
is partially left on the resistor part (1ir) and the resistor contact
portions {11t); and

forming resistor electrodes (19t), an emitter electrode (19e), a
base electrode (19b) and a collector electrode (19c).

3. A method of manufacturing a transistor (Tr) and at least two
other devices (R, C), the method comprising the steps of:

(LTI
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proposed nethod of manufacturing a bipol ar transim\

ures 1A to 1J illustrate a first sem conductor devi CemiSSheet'm'?"Jé? turing

hod enbodyi ng the invention and, in particular, S Irf ed n
met hod, which is for sinultaneously producing an # ar
ed

nsistor of a poly-wasned emtter struggure and 20 a resi
polycrystalline silicon. The individual steps w Il be described
uentially. First, as shown in Figure 1A, an N-type buried

er 2 and an N forming! ¥ RBd &Prb@ena! (d,ayeh, Jaqrév,f of B9¢ m18d fhel ¥PRise
conduct or substrgte ée. g &S | i C?Q subst r at EL 1, a?d zgep a

ype- i sol 48N Af br 2ePRitgRton3ead ragian, 19) ANg 4haFREYE regien 4g6), 1n
er - el ementa segswatd (i1m; the formof a thick thermal oxide |ayer

g. a silicon digdf L PR iALA bR (9) on 'Shrralelod LRE SuBBUEIEY |
ectlvelsy |(o1r;-| rrplran ed into an active

forming a first resist mask (10) on the insulating film (9);
selectively etching the insulating film (9) through the first
resist mask (10) to form a plurality of windows (9e, 9b, 9¢c, 9g) to the
substrate (1);
10 removing the first resist mask (10);

forming a polycrystalline layer (11) on the insulating film (9)
q and in the plurality of windows (9e, 9b, 9¢, 9b);
' forming a second resist mask (12) on the polycrystalline layer
(11);
15 ion-implanting a P-type impurity through a window (12R) of the
second resist mask (12) into a portion (11R) which will be a resistor
part (11r) of the polycrystalline layer (11);
removing the second resist mask (12);
forming a third resist mask (13) on the polyerystalline layer
20  (11);

_ effecting ion-implantation through windows (13t, 13b) of the
third resist mask (13) to form resistor contact portions (11t} and a
base contact portion (11b) which will correspond to a base in the
polycrystalline layer (11);

¢

25 removing the third resist mask (13) ;
forming a fourth resist mask (14) on the polycrystalline layer
(113
effecting ion-implantation through windows (1l4e, 14c, 14g) of the
fourth resist mask (14) into portions {(1le, 1le, 11g) of the
30 polycrystalline layer (11) which correspond, respectively, to an
emitter region, a collector contact and a lead of a capacitor (C);
removing the fourth resist mask (14);
patterning the polycrystalline layer (11) to leave the resistor
part (11r), the resistor contact portions (11t), the portion (1te)
35 corresponding to the emitter region, the base contact portion (11b),
the portion (11c) corresponding to the collector contact and the

portion (11g) corresponding'to the lead of the capacitor ;
-
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rity is i
be forned,

on 6 which is surrounded by the isol ated inter-elén¥pt regi ons
‘5, to thereby forma base region 7. Sinultaneousl yiB @ml

on-inplanted into a portion where a collect
thereby formng an N-type collector lead r

i

exggends to the buried | ayer 2. Then, a sifgicon dioxide layer 9 is
f o@med by chem cal vapour deposition (CVD) or the |like on the entire

ace inclusive of the active region 6. 35 Subsequently, as

M9, and the 11k mdes s SHEMGRIGILNE! ¥g (15) 66 SRECLA PHAN 15 TesT ot

nagk 10 to open, s

5
10
4
15
20
¢ 25

R
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heat treating the substrate structure and diffusing an N-type
impurity from the portions (1te, 1ic, 11g) of the polycrystalline layer
(11) which correspond to the emitter region, the collector contact and
the capacitor lead into the base region (7), the collector lead region
(8) and the active region (6b), respectively, to form the emitter
region (16e), collector contact (16c) and one lead of the capacitor
(C), and simultaneously diffusing a P-type impurity from the base
contact portion (11b) of the polycrystalline layer (11) into the base
region (7) to form a base contact (16b);

patterning the second insulating film (15) to leave the resistor
part (11r) and the resistor contact portions (11t);

patterning the thin film (17) so that the portions under the
second insulating film (15) remain;

forming a fifth resist mask (20) on the substrate structure;

selectively etching the first insulating film (9) to open a
further window (9m) which communicates with the active region (6b) and
determines the capacitance of the éapacitor (C);

forming a further film (21) on the substrate structure;

patterning the further film (21) so that a portion of the film
{21) which corresponds to the further window (9m)} is left; and

forming electrodes (19t) for the resistor part (11r), an emitter
electrode (19e), a base electrode (19g), a collector electrode (19c)
and two capacitor electrodes (19g, 19m).
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fsane process (etching) step), w ndows 9e, 9b, 9c which correspond,

pectively,
tact),

to an emtter region (which serves also as an enmtter

a base contact and the collector contact in the active
In the next step, as shown in Figure 1C, the resist mask
16
ABSTRACT

MANUFACTURE OF SEMICONDUCTOR DEVICES

A method of manufacturing a semiconductor device comprises
forming a plurality of openings (9e, 9b, 9¢) for ohmic contact portions
at the same time, then forming a semiconductor layer (11) on an entire
surface including the openings, and selectively introducing impurities
by ion implantation into the contact po;‘tions and isolated other
element regions (1le, 11b, 1ic, 11t, 11R) of the semiconductor layer
(11), thereby producing a transistor (Tr) and at least one other
element (R; R, C).
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resistor part 11r constituted by the polycrystalTTne sitictontayer—1l.
Then, as shown in Figure 2E, the resist mask 12 onThiSheet Has BRERYfYSL al | ine
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" wpolycrystalline silicon layer 11 is patterned. In this stage, the
patterning is perforned so as to |eave the resistor part Ilgrm=—tipg s *
resistor contact portions 11t, the portion 1le which corrédsREREACEMENTHSHEET
emtter region, the portion 11b which corresponds to the ba e contact, 10
theZportion 11c which corresponds to the! collector contact] Q tﬁg 1997
portion 11g which corresponds to the one electrode | ead regijo gf %

M S capaci tor. Next, as shown in Figur Bt a rfel "*. eyttt
Si[err]Nerr] film17 is Mﬁ—@ﬁwmw £ D, acel by deconpressed

CVD or the like, and then 15 a rel atively thick silicon UX|c1e TiITmIo.ls
formed on- the Si| rr]r}%errt]ﬁgfll 8¥ pols t he Itike gdsg\Iar
menber to the fi r@t At f¢ %t'@s t’° taF) | F%&el e 7 mcf YRt i ons
as a cap fildavieeereafter, heat t r eat ment |s perfornmed. In this stage,
the N-tyge inpurif] gfedio881y Rfown bipolar transistor manufacturing methods, it

has generally been customary ﬁo adopt procedures which comprise the

steps of first forming a buried layer and an N-type epitaxial layer',

and then double-diffusing impurities of first and second conduction

types selectively into an active region which is surrounded by isolated

10 inter-element regions, thereby forming a base region and an emitter

region,

The latest developments of process technology have given rise to
requirements for realising higher integration densities and higher
operational speeds of the elements. For the purpose of meeting such

15 requirements, it is usual to employ a polycrystalline silicon washed
emitter (hereinafter referred to simply as a poly-washed emitter)
structure, The use of a poly-washed emitter structure makes it
possible to form a self-matched emitter region. Such structure
contributes to a reduction in size of an emitter opening (which results

20 in reduction of the cell size), and also to a decrease of base
broadening resistance Rbb' which consequently results in advantages
which allow obtaining a higher integration density and higher
operational speeds of the elements. .

A description of a préviously proposed method for the manufacture

25 of a bipolar transistor which has a poly-washed emitter structure will
now be given with reference to Figures 3A to 3F of the accompanying
drawings. First, as shown in Figure 34, an N-type buried layer 32 and
an N-type epitaxial layer 33 are formed on a P-type semiconductor
substrate 31. Then, a P-type isolated inter-element region 34 and

30 another isolated inter-element region 35 composed of a thick thermal
oxide layer are forméd. Then, a P-type impurity is selectively ion-
implanted into an active region 36 which is surrounded by the isolated
inter-element regions 34 and 35 to thereby form a base region 37. &n
N-type impurity is ion-implanted into a portion where a collector

35 contact is to be formed, thereby forming a collector lead region 38
which extends to the buried layer 32. Subsequently, a silicon dioxide
film 39 is formed by chemical vapour deposition (CVD) or the like on



portion 1le of the polycrystalline silicon |layer 11 which corespaads—20

to the emtter region, the portion 1l1c of the |ayer

correésponds to the collector contact, and the portion 11g of
11 which corresponds to the one el ectrode_| ead regi on of the
capatitor are diffused into the base regi%n 7, the collector
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regi-on 8 and the active region 6b, which are |ocated under gudh .25

o , snect i , Lo | Jtel regicon 16¢ (which
L) 90 b SARE NI AL LR 0460 S8R By R

al so serves as an emtter con Ca_ ( Mt 16c (showrby
a broken line) andTRREASHRS s ctseshawBdid Figage 3BqitoR siddeass diaédafBin 39 is
capaci tor. Si mghéctieerstyched NArbughy e ek gtUnidkyub s8Nad be 1Ak lpem widdbuaf

t he pol ycryst
‘contact is di

orres s.to the bai

Bl s b B BtElond spferriond L BEF B4R aLel Lo

16b (shown5 by wilbsekenalsonas an emitter contact) and the collector contact of the

10

15

20

25

30

35

active region 36.

In the next step, as shown in Figure 3C, the resist mask 40 on
the silicon dioxide film 39 is removed, and a polycrystalline silicon
layer 41 is formed on the silicon dioxide film 39 including the windows
39e and 39c. Thereafter, an N-type impurity (e.g. As*) is ion-
implanted into the polycrystalline silicon layer 41, and a heat
treatment is performed so as to diffuse the N-type impurity from the
polycrystalline silicon layer 41, thereby forming an emitter region 42e
(which serves also as an emitter contact) and a collector contact 42¢
(which is represénted by a broken line) in a self-matched state. .

Subsequently, as shown in Figure 3D, the polycrystalline silicon
léyer 41 is patterned.

In the next step, as shown in Figure 3E, a resist mask 43 is
formed on the polycrystalline silicon layer 41 and the silicon dioxide
film 39, and-then the silicon.dioxide film 39 is etched through the
resist mask 43 so as to form a window 39b at a position which
corresponds to the base contact.

Subsequently, as shown in Figure 3F, an alyﬁinium layer is formed
on the entire surface after removal of the resist film 43, and the
aluminium layer is patterhed SO0 as to form an emitter electrode Ylie
which is .connected to the emitter region #42e through .the
polycrystalline silicon layer 41, a base electrode 4lb which is
connected to the base region 37, and a collector electrode 4lc which is
connected to the collector contact 42c¢c through the polyerystalline-
silicon layer 41. A desired bipolar transistor is thus produced.

According to the above-described previously proposed method of
manufacturing a bipolar transistor, the step of forming the windows 39e
and 39c which are opposed to the emitter region 42e and the collector
contact 42¢c is different from the step of forming the window 39b which
is opposed to the base region 37, whereby a total of two resist masks
(the above-mentioned masks 40 and 43) are required for opening the

windows. Particularly when forming a composite device comprising a



Next, as shown in Figure 21, the silicon dioxide film15 is RH%ABEMF%IS%@ET
so that the portions thereof on the resistor part 11r and th
resistor contact portions 11t are left unrenoved. In this stage, ANFEBHIT
Si[err]N[err] film17 functions as an etghing stopper to prevent renoval
of the silicon dioxide film9 which is |ocated undernegt 7T
Subsequently, as shown in Figure 2J, the Si3Nd film 17 is et¢hed

transistor, a resistor, a capacitor and so forth, a window opening
resist mask is required for forming each element, which makes the
window opening step complicated. Also, for ion-implantation, resist
masks generally are required to be in conformity with the individual
5 conduction types of the impurities, so that a multiplicity of resist
masks are required for forming elements and these are additional to the
aforementioned window opening resist masks, whereby the manufacture of
a composite device becomes complicated.

It has recently been observed that, in accordance with a trend
10 towards faster operation and higher frequency band in the linear
technical field for public use (Inclﬁding analog integrated circuits
(ICs), analog large scale 1ntegration (LSl) devices, etc.), some
devices have been proposed which utilise the poly-washed emitter type
in the general linear process as well. For the purpbse of improving
15 the noise and frequency characteristics, it is desired that a
metal-insulator-semiconductor (MIS) capacitor be employed as a filter.
However, since a composite device is produced by a combination of
different steps for the individual elements as described above, the
steps become complicated and adverse influences occur due to heat
20 treatment and so forth when forming other elements, which consequently
causes a deterioration in the precision of control of the capacitance,
thereby causing additional difficulties during manufacture (including
the simultaneous production of an MIS capacitor for a transistor of a

poly-washed emitter structure).
a5 According to the invention there is provided a method of
manufacturing a semiconductor device, the method comprising the steps

of :

forming simultaneously s plurality of openings for ohmic contact
. portions in a surface layer of a semiconductor substrate; '
30 forming a semiconductor layer over the entire surface layer
including said openings for ohmic contact portions; and '

selectively introducing impurities by ion implantation into
contact portions and isolated  other element regions of the
semiconductor layer to produce a transistor and at least one other
35 element. .

Preferred embodiments of the invention described hereinbelow

solve or at least alleviate the problems described above; and provide



9 wi th hot phosphoric acid or the like in a manner sl

porti-ons

| ocated under the silicon dioxide film15 are{l ¢

c
I :

In the next step, as shown in Figure 2K, a resist mask 20 ils}| 22fREBMIHON
5

the entire surface, and the silicon dioxide film9 is then
etched. through the resist mask 20 to open a w ndow 9m whi ch
comuni cates with the active region 6b and determ nes the ¢
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element {such as a transistor of another type, and/or a resistor and/or
a capacitor) in which the process steps during manufacture are
simplified. '

The invention will now be further described, by way of
illustrative and non-limiting example, with reference to the

- accompanying drawings, in which:

Figures 1A to 1J illustrate sequential steps of a first method
embodying the invention for manufacturing a composite semiconductor
device; _

Figures 2A to 2M illustrate sequential steps of a second method
embodying the invention for manufacturing a composite device; and

Figures 3A to 3F illustrate sequential steps of a previously
proposed method of manufacturing a bipolar transistor. _

Figures 1A to 1J {illustrate a first semiconductor device
manufacturing method embodying the invention and, in particular,
sequential steps in the method, which is for simultaneously producing
an NPN type bipolar transistor of a poly-wasned emitter structure and
a resistor composed of polycrystalline silicon. The individual steps
will be described sequentially.

First, as shown in Figure 1A, an N-type buried layer 2 and an N-
type epitaxial layer 3 are formed on'a P-type semiconductor substrate
(e.g. a silicon substrate) 1, and then a P-type-isolated inter-element
region 4 and another isolated inter-element reg}on S in the form of a
thick thermal oxide layer (é.g. a silicon dioxide layer) are formed.
Then, a P~-type impurity is selectively ion-implanted into an active
region 6 which is surrounded by the isolated inter-element regions 4
and 5, to thereby form a base regiorn 7. Simultaneously, an N-type
impurity is ion—iﬁplanted into a portion where a collector contact is
to be formed, thereby forming.an N-type colleétor lead region 8 which
extends to the buried layer 2. Then, a silicon dioxide layer 9 is
formed by chemical vapour depositidn {CVD) or the like on the entire
surface inclusive of the active region 6.

| Subsequently, as shown in Figure 1B, a resist mask 10 is formed
on the silicon dioxide film 9, and the film 9 is then selectively
etched through the resist mask 10 to open, simultaneously (that is, in
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&?ig‘g_ transistor Tr of a poly-washed emtter structure,
a resistor R and an 20 M S capacitor C, Accordin

( to this
enbodi ment 5 as descl FB8 96%b\bePy ISRy dn Bigure 1C, the resist Bask 10 on

the silicon dioxide film 9 is removed and a polycrystalline silicon
layer 11 is formed by CVD or the like on the silicon dioxide film 9
including the windows 9e, 9b, 9c.

Subsequently, as shown in Figure 1D, a resist mask 12 is formed
on the polycrystalline silicon layer 11, and a P-type impurity, such as
a boronic impurity (e.g. B, BFz*). is ion-implanted through a window
12R of the resist mask 12 into a portion 11R which serves as a resistor
part 1ir constituted by the polyerystalline silicon layer 11.

Then, as shown in Figure 1E, the resist mask 12 on the
polycrystalline silicon layer 11 is removed and another resist mask 13
is formed on the layer 11. Thereafter, a P-type impurity (e.g. BY,
BFz*) is ion-implanted through windows 13t, 13b of the resist mask 13
into resistor contact portions 11t of the polyerystalline silicon layer
11 and a portion 11b which corresponds to the base contact and later
partially constitutes a base electrode.

Next, as shown in Figure 1IF, the resist mask 13 on the
polycrystaliine silicon layer 11 is removed and a resist mask 14 is
formed on the layer 11. Thereafter, an N-type impurity (e.g. As*) is
ion-implanted through windows 1le, ilic of the resist mask 14 into a
portion 1le  which corresponds to the emitter region of the
polycrystalline silicon layer 11 and later parﬁially constitutes an
emitter eleétrode. and a portion 1lc which correspbnds to the collector
contact of the layer 11 and later partially constitutes a collector
electrode. | _ '

Subsequentiy, as shoun in Figure 1G,lthe resist mask 14 on the
polycrystalline sificon layer 11 is removed and then a silicon dioxide
film 15 is formed on the layer 11 by CVD or the like. The silicon
dioxide film 15 functions'aé a cap film for preventing scattering of
the impurities from the polycrystalline silicon layer 11 during heat
treatment, which is to be'performed during the next step, and also for

preventing the mutual mixing of impurities of differernt conduction

types. Thereafter, the heat treatment is performed. In this stage,




9¢ whi ch correspond to ohm.c contacts of a transistor, i.e.
region 16e, a base contact 16b and a collector contact 16c,
anot her wi ndow 9g whi ch corresponds to an ohmic contact of {hg¢ %%f
capacitor, i.e. one electrode |ead region 16g of the MS capagi t F@iﬁﬁﬁﬂ
shown in Figures 1B and 2B), can be fofmed at the same tim. After a
polycrystalline silicon layer 11 is formed on the entire syrface
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emitter region 16e and a collector contact 16c (shown by a broken

line). Simultaneously, the P-type impurity from the portion 11b which

corresponds to the base contact of the polyecrystalline silicon layer 11

is diffused into the base region 7 so as to form a base contact 16b
10  (shown by a broken line).

In the next step, as shown in Figure fH, the cap silicon dioxide
film 15 on the polycrystalline silicon layer 11 is entirely removed,
and then the layer 11 is patterned. In this stage, the patterning is
performed so as to leave the resistor part 1ir, the resistor contact

15 portions 11t, the portion 11e which corresponds to the emitter region
16e, the portion 11b which corresponds to the base contact 16b, and the
portion 1lc which corresponds to the collector contact 16c. _

Subsequently, as shown in Figure 1I, a relatively thin Si3Nu film
17 is formed on the entire surface by decompressed CVD or the like, and

20 then a relatively thick silicon dioxide film 18 is formed on the entire
surface. Thereafter, the silicon dioxide film 18 is patterned so as to
be partially left on the resistor part 1ir and the resistor contact
portions 11t. In this state, the 513Nn film 17 funct.ions as an et.ehing
stopper to prevent removal- ot‘ the silicon d1oxide film. 9 which is

25 located underneath it. o

In the next step, as shown in Figure 1J, the éi3ﬂu' film 1".1;_:‘15
removed by etching with hot phosphoric acid or the like in a manner
such that the portions which are under the silicon dioxide layer 18 are
left. Thereafter, an aluminium layer is 'i‘ormed.on the entire surface

30 and is then patterned so as to form a pair of resistor electrodes 19t,
an emitter electrode 19e, a base electrode 19b and a collector
electrode 19c, thereby producing a ebmposite deﬁce which compr;'lses_ a
bipolar transistor Tr of a poly-washed emiﬁter structure and a resistor
y _ _ o _

35 A secbnd method embodying the invention for simultaneously
producing the above-described composite device and, also, an MKiS
capacitor will now be described with reference to Figures. 2_A. to 2K,
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the case of sinultaneously producing the MS capacitor C thenedith, tne
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which illustrate sequential steps of the method. In Figures|2A to 2M,

items which are the same as items in the first embodiment shown in
Figure 1A to 1J are denoted by the same references.
Fiést, as shown in Figure 2R, an N-type buried layer 2, an N-type

5 epitaxial layer 3, isolated inter-element regions U4 and 5, a P-type
region 7 and an N-type collector lead region 8 are formed on a P-type
silicon substrate 1. Thereafter, a silicon dioxide film 9 is formed by
CVD or the like on the entire surface inclusive of active regions 6a
and 6b.

10 In the next step, as shown in Figure 2B, a resist mask 10 is
formed on the silicon dioxide film 9, and the film 9 is then
selectively etched through the resist mask 10 to open, simultaneously,
(that is, in the same process (etching) step), windows 9e, 9b, 9c, 9g
which correspond, respectively, to an emitter region (which also serves

15 as an émitter contact), a base contact and a collector contact in the
active region 6a, and one electrode lead region of the MIS capacitor in
the active region 6b.

Thereafter, as shown in Figure 2C, the resist mask 10 on the
silicon dioxide film 9 is removed and a polycrystalline silicon layer

20 11 is formed by CVD or the like on the silicon dioiide film 9 including
the windows 9e, 9b, 9¢, 9g. _

In the next step, as shown in Figure 2D, a resist mask 12 is
formed on the polycrystalline silicon layer 11, and a P-type impurity,
such as a boronic impurity (e.g. B*, BF,*), is ion-implanted through a
25 window 12R of the resist mask 12 into a portion 11R which serves as a
resistor part 11r constituted by the polyerystalline silicon layer 11,
Then, as shown in Figure 2E, the resist mask 12 on the
polycrystalline silicon layer 11 is removed and another resist mask 13
is formed on the layer 11. Thereafter, a P-type impurity (e.g. BY,

30 BF2*) is ion-implanted through windows 13t, 13b of the resist mask 13
into resistor contact portions 11t of the polycrystalline silicon layer
11 and a portion 11b which corresponds to the base contact.

Next, as shown in Figure 2F, the resist mask 13 on the
polycrystalline silicon layer 11 is removed and a resist mask W is

35 formed on the layer 11. Thereafter, an N-type impurity (e.g. As™) is
ion-implanted through windows 1l4e, 1lc, 1lUg of the resist mask 14 into
a portion 11e of the polycrystalline silicon layer 11 which corresponds
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shown in Figure 2L, so that any adverse (harnful) influences
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polycrystal layer remove and then the
polycrystalline silicon layer 11 is patterned. In this stage, the
patterning is performed so as to leave the resistor part 11r, the
resistor contact portions 11t, the portion 11e which corresponds to the
emitter region, ‘the pbrt.ion 11b vhich corresponds to the base contact,

the portion 11c which corresponds to the collector contact, and the

~ portion llg which corresponds to the one electrode lead region of the
~ MIS capacitor. ;

Next, as shown in Figure 2H, a relatively thin Si3N,| film 17 is
formed on the entire surface by decompressed CVD or the like, and then
a relatively thick silicon dioxide film 15 is formed on the 81311“ film
17 by CVD or the like. In similar member to the first embodiment, the

silicon dioxide film 15 functions as a cap film. “Thereafter, heat

treatment is performed. In this stage, the N-type impurities from the

portion 1le of the polycrystalline silicon layer 11 which corresponds
to the emitter region, the portion 1lc of the layer 11 which
corresponds to the collector contact, and.the portion 11g of the layer
11 which corresponds to the one electrode lead region of the MIS
capacitor are diffused into the base reglon 17, the collector lead

- region 8 and the active region éb, which. are located ‘under such

portions, respectively,. thereby forming an emitter region 16e (which
also serves as an emitter contact), a collector contact 16c (shown by
a broken line) and the one electrode lead region 16g .6_{‘. the MIS
capacitor. Simultaneously, the P-type impurity from the portion 11b of
the polycrystalline silicon layer 11 which corresponds to the base
contact is diffused into the base region | so as to form a base contact
16b (shown by a broken line).

Next, as shown in Figure 2I, the silicon dioxide film 15 is
patterned so that the portions thereof on the resistor part 11r and the
resistor contact portions 11t are left unremoved. In this stage, the

_Si3Nu film 17 functions as an etching stopper to prevent removal of the

silicon dioxide film 9 which is located underneath it.

Subsequently, as shown in Figure 2J, the Si3N,I film 17 is etched

1

g a satisfactory



interlayer insulator filmfor the resistor contact portions REPLAGEMENT SHEET .
Consequently, it becomes possible to elimnate the double gpgration of
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enbodi nent and, after the heat treatnent, renoving the ent}rje
sili.con di oxi de film15, then formng a si¥icon dioxide filfm
and patterning it to obtain an interlayer insulator filmfor the

resi stor conta portl ns. 11t Al 0y a -
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(once for B-ty$e estdvencetdhes tirough the resist mask 20 to open a window 9m which

communicates with the active region 6b and determines the capacitance
(area) or the MIS capacitor..

‘Next, as shown in Figure 2L, a Sign,4 film 2V which is thicker
than the 513“14 film 17 is formed on the entire surface by decompressed

10 CVD or the like, and the film 21 is then patterned so that the portion
of the film 21 which corresponds to the window 9m is left. The Si3u,‘
film 2t is used as a dielectric film of the MIS capacitor.

Thereafter, as shown in Figure 2M, an aluminium layer is formed
on the entire surface and is then patterned so as to form a pair.of

15

resistor electrodes 19t of the resistor part 11r, an emitter electrode
19é. a base electrode 19b, a collector electrode 19¢c, an electrode 19g
of the MIS capacitor, and another electrode 19m of the MIS capacitor,
thereby producing a composite device which comprises a bipolar
transistor Tr of a poly-washed emitter structure, a resistor R and an
20 MIS capacitor C.

According to this embodiment, as described above, windows 9e, 9b,
9c which correspond to ohmic contacts of a transistor, i.e. an emitter
region 16e, a base contact 16b and a collector contact 16c, and also
another window 9g which corresponds to an ohmic contact of the MIS
capacitor, i.e. one electrode lead region 16g of the MIS capacitor (as

. shown in Figures 1B and 2B), can be formed at the same time.-:: After a
polycrystalline silicon layer 11

25

is formed on the entire. surface
including the windows 9e, 9b, 9c, 9g which correspond to such ohmic

contacts, P-type and N-type imﬁurities are selectively introduced by

30 ion implantation into the portions lie, 11b,l 11le, lllg of the layer 11

which correspond to the ohmic contacts and the isolated other element
rezion 11R, whereby the resistor R and the MIS capacitor C can oe

pr-duced simultaneously with the bipolar transistor Tr. Furthermore,

sizce only a single resist mask (the mask 10) is required for forming

35 tr.z windows 9e, 9b, 9c, 9g which correspond to the ohmic contacts, the

stz
tv

s of forming the ohmic contacts are simplified. Particularly in

case of snmultaneously producing the MIS capacitor C therewith, tne
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capacitor with high precision of control of the capacitance.

In addition, as described in connection with the second
embodiment where the polycrystalline silicon layer 11 is patterned
immediately after the steﬁ of ion implantation (shown in Figures 2D to
2F), the cap silicon dioxide film 15 formed thereafter can be patterned
without being entirely removed and can therefore be utilised as an
interlayer insulator film for the resistor .contact portions 11t.
Consequently, it becomes possible to eliminate the double operation of
first forming the cap silicon dioxide film 15 as in the first
embodiment and, after the heat treatment, removing the entire cap
silicon dioxide film 15, then forming a-silioon dioxide film 18 again
and patterning it to obtain an interlayer insulator film for the
resistor contact portions 11t.

Also, with regard to the step of ion implantation, an advantage
is obtained in that, since the ion implantation is executed into the
substrate where the element regions and the windows corresponding to
the entire ohmic contacts relative to the elements have previously been
formed, the ion implantation for the individual conduction types as a
whole ranges from a minimum of twice (once for P-type and once for N- '
type) to a maximum of- four times (twice for P-type and twice for N-
type), so that the steps 'of‘. ion implantation can be simplified. In
this embodiment, the ion implantation is repeated only a total of three
times (twice for P-type and once for N-type).

Also, the polycrystalline silicon layer 11 can be used to obtain
both a polycrystalline silicon layer which is used for f‘orming— t-:he
resistor part 1ir, the resistor contact poi‘tions 11t and the portion
11g corresponding to one electrode lead region 16g of the MIS
capacitor, and-another polycrystalline silicon layer which is used for
forming the contacts to the diffused regions 16e, 16b, 16c of the
bipolar transistor Tr. Therefore, all of the contact portibns can be
formed out of the single polycrystalline silicon layer 11 during one

patterning step, hence simplifying the process for shaping the contact
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portions.

The first embodiment relates to the simultaneous production of an
NPN-type bipolar transistor Tr and a resistor R; while the second
embodiment relates to the simultaneous production of an NPN-type
bipolar transistor Tr, a resistor R and an MIS capacitor C. However,
a PNP-type bipolar transistor may be produced in place of the above
NPN-type bipolar transistor, or a MOS transistor may be produced as
well. Furthermore, it is possible to simultaneously produce a bi-MOS
transistoé or a bi-CMOS transistor with a resistor and a MIS capacitor.

According to the above-described semiconductor device
manufacturing methods embodying the invention, windows corresponding to
ohmic contacts are opened at the same time and, after a semiconductor
layer is formed on the entire surface including such open windows,
impurities are selectively introduced by ion implantation into the

" portions of the semiconductor layer which correspond to the contacts

and the isolated other element region to produce a transistor and at
least one other element. Consequently, simultaneous production of a
transistor and other elements (e.g. resistor and capacitor) can be
realised with a simplified process of manufacture.
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g9b, 9¢, 9g) for ohmic contact portions in a surface layer (9) of a
semiconductor substrate (1); |

t‘orming a semiconductor layer (11) over the entire surface layer
including said openings for ohmic contact portions; and

selectively introducing impurities by ion impiantatioh into
contact portions and isolated other element regions (1ie, 11b, 11c,
11t, 11R; 1le, 11b, 1ic, 11g, 11t, 11R) of the semiconductor layer (11)
to produce a transistor (Tr) and at least one other element (R; R, C).

2. A method of manufacturing a transistor (Tr) and at least one
other' device (R), the method comprising the steps of:
- forming N and P regions (2, 3, 4, 6, 7, 8), including a base
region (7) and a collector lead region (8), in a substrate (1);
- forming an insulating film (9) on a surface of the substrate (1);
- forming a first resist mask (10) on the insulating film (9);
selectively etching the insulating film (9) through the first
resist mask (10) to form a plurality of windows (9e, 9b, 9¢) to the
substrate (1);
removing the first resist mask (10);
forming a polycrystailine layer (11) on the insulating film (9)
and in the plurality of windows (9e, 9b, 9c);

forming a second resist mask (12) on the polycrystalline layer
(11);

ion-implanting a P-type impurity through a window (12R) of the- -

second resist mask (12) into a portion (11R)‘which will be a resistor

part (1ir) of the polycrystalline layer (11);

removing the second resist mask (12);

forming a third resist mask (13) on the polycrystalline layer

(11); '
effecting ion-implantation through windows (13t, 13b) of the

third resist mask (13) to form resistor contact portions (11t) and a

base contact portion (11b) which will correspond to a base in the
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enents (e.qg. resist1 r and capacitor)
a sinplified process of manufacture.

polycrystalline later (11);

removing the third resist mask (13);

forming a fourth resist mask (14) on the polycrystalline layer
(11);

effecting ion-implantation through windows (1ile, 1lic) of the
fourth resist mask (1) into portions (1le, 11c) of the polycrystalline

layer (11) which correspond to an emitter region and a collector
contact: ‘

removing the fourth resist mask (14);

forming another insulating film (15) on the polycrystalline layer
(11);

heat treating the substrate structure and diffusing on N-type
impurity from the portions (1t1e, 1ic) of the polyerystalline later (11)
which correspond to the emitter region and the collector contact into
the base region (7) and the collector lead region (8), respectively,
form the emitter region (16e) and the collector contact (16¢c) and
simultaneously diffusing a P-type impurity from the base contact
portion (11b) of the polycrystalline layer (11) into the base region
(7) to form a base contact (16b);

removing the other insulating film (15);

forming patterns in the polycrystalline layer (11) to leave the
resistor part (1ir), the reslsi:or contact portions (ﬂt), the portion
(11le) which corresponds to the emitter region (16e), the base contact
portion (11b) and the portion (tic) which corresponds to the collector
contact (16¢c);

forming a thin nlm (17) on the patterned polycrystalline layer

forming a relatively thick insulating film (18) on the thin film
(7); . | |

patterning the relatively thick insulating film (18) so that it

is partially left on the resistor part {11r) and the resistor contact
portions {11t); and

.forming resistor electrodes (19t), an emitter electrode {19e), a
base electrode (19b) and a collector electrode (19¢).

3. A method of manufacturing a transistor (Tr) and at least two
other devices (R, C), the method comprising the steps of:

\
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I A nethod of manufacturin ERLACEMENT SHE?[
(Tr) and m E#ﬂﬁ@” 1”" he met hod conprising the steps off : |

forning N*an 3, 4, 6, 7, 8), including a bage r®2cﬁEB'1S97an
a collector |ead region (8) in a myjor surface of a silicqgnj|substrate (1)

formng an insulating film(9) on said najor surface of th pbsirate (1);
formng a first resist nmask (10) on the insulating film (9)};

PSoyetively etehi gelihg o B3 rdgtind (M W, B0 QPR 18X, [AdIBhiAC! BsemRSK
region (7), a collector lead region (8) and an active region (6b), in
a substrate (1);

el

forming a first insulating film (9) on a surface of the substrate
5 (1);
forming a first resist mask (10) on the insulating film (9);
 selectively etching the insulating film (9) through the first
resist mask (10) to form a plurality of windows (9e, 9b, 9¢c, 9g) to the
substrate (1); '
10 removing the first resist mask (10);
forming a polycrystalline layer (11) on the insulating film (9)
and in the plurality of windows {(9e, 9b, 9¢, 9b);
forming a second resist mask (12) on the polycrystalline layer
(11); '
15 jon-implanting a P-type impurity through a window (12R) of the
second resist mask (12) into a portion (11R) which will be a resistor
part (11r) of the polycrystalline layer (11);
removing the second resist mask (12);
forming a third resist mask (13) on the polyecrystalline layer
20  (11);
effecting ion-implantation through windows (13t, 13b) of the
third resist mask (13) to form resistor contact portions (11t) and a
base contact portion (11b) which will correspond to a base in the
polycrystalline layer (11); .
25 removing the third resist mask (13) ;
forming a fourth resist mask (14) on the polycrystalline layef
(11); '
effecting ion-implantation through windows (1le, 1lc, ilig) of the
fourth resist mask (14) into portions (11e, 11e, 11g) of ihé
30 polycrystalline layer (11) which correspond, respectively, to an
emitter region, a collector contact and a lead of a capacitor (C);
removing the fourth resist mask (1),
patterning the polycrystalline layer (11) to leave the resistor
part (1ir), the resistor contact portions (11t), the portion (11e)
35 corresponding to the emitter region, the bése contact portion (11b),
the portion (f1c) corresponding to the collector contact and the
portion (11g) corresponding to the lead of the capacitor H
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contact and a coll ector contphc

f or ied,; resi st mask (10); f I ng a
pol ycrystal | i ne sfliton layer (11) on the insulating film (9 n&% REBhY97
plurality of wi ndows (9e, 9b, 9c); 15 forning a second rgs{st mask (12)

on the polycrystalline silicon layer (11); ion-inmplanfing a P-type
i mpurity through a wi ndow (1 res 1) intao a.

portion (11 R) of°'c"h‘@8p%I‘39dnys‘t1§&I”$1he the é&ﬁ-‘»?fé&srst(ﬁ‘)rem ch will be a
resistor part (1l¥épming a secousermsuuagmdw;nec(oau oneshes thimdilg XAV );
on-1 ol ant{ ng. aPBt ATEaE Ry SRF IS, SR UTULE e hBled SN EVE,, 1o
resi st mask x(nﬁzm)uyd'rbmrtmerwtsolm(b\@mtbl@b b\sﬂtqfoﬁse patyerystalding laygn ant a
portion 5 (11) which correspond to the emitter region, the collector contact and
the capacitor lead into the base region (7), the collector lead region
(8) and the active region (6b), respectively, to form the emitter
region (16e), collector contact (16c) and one lead of the capacitor
(C), and simultaneously diffusing a P-type impurity from the base
10  contact portion (11b) of the polycrystalline layer (11) into the base
region (7) to form a base contact (16b);
patterning the second insulating film (15) to leave the resistor
part (1ir) and the resistor contact portions (11t);
patterning the thin film (17) so that the portions under the
15 second insulating film (15) remain;
forming a fifth resist mask (20) on the substrate structure;
‘ selectively etching the first insulating film (9) to open a
further window (9m) which communicates with the active region (6b) and
determines the capacitance of the capacitor (C);
20 forming a further film (21) on the substrate structure;
patterning the further film (21) so that a portion of the film
(21) which corresponds to the further window (9m) is left; and
forming electrodes (19t) for the resistor part (11r), an emitter
‘electrode (19¢), a base electrode (19g), a collector electrode (19c)
25 and two capacitor electrodes (19g, 19m).
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(11 b) of the polycrystalline silicon | ayer overlying an area mhere t he

base. contact is to be forned; renmoving the third resi
forming a fourth resist mask (14) on the polycrystalline |ay

Lnd 22D

 TRAFLAREMENT SHEET

ion-inplanting a N-type inpurity through w ndows (14e, 14c) pf{the tourth
resi-st mask (14) into portions (1le, 11c)’ of the polycrystalji 1e2$%' FEBOR97
| ayer (11) overlying areas where the enmitter region and the fo}l éctor
contact are to be forned; r eno g@A&pe fourth resist [aSk—{id
form ng anot her |nsulat|ng film(15) pol ycrystal line fayer (11);
heat treating the substrate structure and diffusing the N-type Tmpurity
fromthe portions (1le, 1lysir@TURPSPSENICONSUCROR iDRQIGEd | con |ayer (11)
overlying the areas

5 A method of manufacturing a semiconductor device éomprises

forming a plurality of openings (9e, 9b, 9c) for ohmic contact portions

at the same time, then forming a semiconductor layer (11) on an entire

surface including the openings, and selectively introducing impurities

by ion implantation into the contact portions and isolated other

10 element Eegions (1le, 11b, 1lic, 1it, 11R) of the semiconductor layer

(11), thereby producing a transistor (Tr) and at least one other

element (R; R, C).

Figure 1B & 1J
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emtter region (16e) and said collector contact (16¢c), and s rﬁﬂﬁﬁeﬁﬁﬁﬁ %HEET

diffusing the P-type inpurity fromthe portion (11 b) of the

pol ycrystalline silicon layer (11) overlying the area where [ hg base

contact is to be fornmed, and into the base region (7) thus fprim pp FEBN997
15);

base contact (16b); renmoving the other insulating fi'lm
patterni Rg the polycrystalline sili co¥lllayer (11) to | eave theTESTSTOT

part (11@, the resistor contaet portions (11t), the portion| (11 e) which
overlies@ he emtter region (@e) the porti.on (11b) overlying the base
contact @16b), and the portion~(11 c) overlying t col l ector contact (1
6¢C) ; (Z) formng a thin fi (17) over the surtace of the structure;
formng & relatively thick |n§JIat|ng film (18) o%the thin film(17);
patterniflg the relatively th|& insulating film(&8) so that it is

parti al Ig |l eft on the resisto gpart (11r) and thegresistor contact portions
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(17) acts as an etch stop; renoving then thin film(17) except for

t hose portions under the remaining portion of the relativel

v _thick

i nsul’'ating | ayer (18); and form ng resistor el ectrodeREPLAIEMENINSHEET

emtter electrode (19e), a base el ectrode (19b) and a col | §ctjor—etectrode
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Pregions (2, 3, 4, 6, 7, 8), including a base region (7) gnda.callector

| ead region (8), in a substrate (1);3,1-l formng an insdlating film (9)
on a surface of the substrate (1); formng a first rlestst—rasi—{-163
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" resist mask (10) to forma plurality of windows (9e, 9b, 9c) to the

substrate (1); renmoving the first resist mask (10); .
pol yerystalline layer (11) on the insulating film (9) and | rBEPh%GEMEﬁ\{TZ?’f" JTa
of wi ndows (9e, 9b, 9c¢); form ng a second resi st ki (12) on the
pol ycrystal line |ayer (11) ; 22 FEB 1997
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‘14 lon-inplanting a P-type inpurity through a w ndow (1P
second resist mask (12) into a portion (11R) which wll be a rgsjstor part
(11r) of the polycrystalline layer (11); ' renmovi ng the sefo d2r2eEEBt1997
mask (12); forming a third resist mask (13) on the polycfyktalline

-
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base contact portion (11b) which will correspond to a base iprthe
polycrystalline later (11); renmoving the third resist |mERLACEBENT SHEET

formng a fourth resist mask (14) on the polycrystalline | ajerf (IIJ

effecting ion-inplantation through w ndows (14e, 14c) of theg fjo ?]:-gm
mask (14) into portions (1lle, 11c) of téMlpol ycrystalline | yar? 1) h
correspondcto an emtter regiop and a collector contact: ;

fourth res'"ft mask (14); g orm ng anot her insulating fill m(15) on the
pol ycryst elneg]acﬁr Gl — g- M=qw ¥ - t=ow ¢ ].
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heat treating the substrate structure and diffusing on Ntype_lnpuritys £ ot

T

the portions (1le, 11c) of the polycrystalline later (11) whj quQg@EméﬁoSHEET
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forming a thin film(17) on the pat t er nefd REPLACEMENT SHEET
formng a relatively thick] ijnsulatrmng

(11);

film(18) on the thin film (17);

contact (16¢);
pol ycrystal line | ayer
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15 patterning the relatively thick insulating film (18) [T #i.at iS5
partially left on the resistor part (11r) and the resistor cq nggd{ACﬁMENTcﬁfEET
(11t¥y; and formng resistor electrodes (19t), an emtter el ectrode
(19e), a base electrode (19b) and a collector electrode (19c]. 2? FEB %97
met hod of manufacturing a transistor (Tr) and at |east two of her devices
(R, ©, the nethod conprising the steps of9'/ll :
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forming Nand P regions (2, 3, 4, 6a, 6b, 7, 8), including a base region

(7), a collector lead region (8) and an active region (6b), i
(1); formng a first insulating film(9) on a surface o @Neﬁﬁéﬁg%ﬂ
substrate (1); formng a first resist mask (10) on the}ijpsul ating
film(9); sel ectively etching the insulating film (9) thrjou@2 FEB 1997
first resist mask (10) to forma plurality of wndows (9e, 94, 9c, 99) to
the substrate (1); renoving the first resist nmask (10); TOr T
a polycrystalline layer (11) on the &l ating film(9) and iln_the
plurality of wi ndows (9e, 9b, 9c, 9b);
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form ng a second resist mask (12) on the polycrystalline | ayer—34

ion-implanting a P-type inpurity through a wi ndow (12R) of t eREEéAéEMENT SHEET
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1. A method of manufacturing a transistor (Tr) and a resistor (R), the

method comprising the steps of :-

forming N and P regions (2, 3, 4, 6, 7, 8), including a base region (7) and
a collector lead region (8), in a major surface of a silicon substrate (1),

forming an insulating film (9) on said major surface of the substrate (1);

forming a first resist mask (10) on the insulating film (9),

selectively etching the insulating film (9) through the first resist mask (10)
to form a plurality of windows (9e, 9b, 9c) to the substrate (1) in areas where an
emitter region, a base contact and a collector contact are to be formed;

removing the first resist mask (10);

forming a polycrystalline silicon layer (11) on the insulating film (9) and in
the plurality of windows (9e, 9b, 9¢);

forming a second resist mask (12) on the polycrystalline silicon layer (11);

ion-implanting a P-type impurity through a window (12R) of the second
resist mask (12) into a portion (11R) of the polycrystalline silicon layer (11) which
will be a resistor part (11r); '

removing the second resist mask (12);

forming a third resist mask (13) on the polycrystalline silicon layer (11);

ion-implanting a P-type impurity through windows (13t, 13b) of the third
resist mask (13) to form resistor contact portions (11t) and to implant a portion
(11b) of the polycrystalline silicon layer overlying an area where the base contact
is to be formed,; ' '

removing the third resist mask (13);

forming a fourth resist mask (14) on the polycrystalline layer (11);

ion-implanting a N-type impurity through windows (14e, 14c¢) of the fourth
resist mask (14) into portions (11e, 11c) of the polycrystalline silicon layer (11)
overlying areas where the emitter region and the collector contact are to be
formed;

removing the fourth resist mask (14);

forming another insulating film (15) on the polycrystalline layer (11);

heat treating the substrate structure and diffusing the N-type impurity from
the portions (11e, 11c) of the polycrystalline silicon layer (11) overlying the areas
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contact and the portion (11g) corresponding to the |ead of the-tapacttor

where the emitter region and the collector contact are to be formed, and into the
base region (7) and the collector lead region (8), respectively, thus forming said
emitter region (16e) and said collector contact (16¢), and simultaneously diffusing
the P-type impurity from the portion (11b) of the polycrystalline silicon layer (11)
overlying the area where the base contact is to be formed, and into the base
region (7) thus forming said base contact (16b); |

removing the other insulating film (15);

patteming the polycrystalline silicon layer (11) to leave the resistor part
(11r), the resistor contact portions (11t), the portion (11e) which overlies the emitter
region (16e), the portion (11b) overlying the base contact (16b), and the portion
( 11c) overlying the collector contact (16c);

forming a thin film (17) over the surface of the structure;

forming a relatively thick insulating film (18) on the thin film (17);

patterning the relatively thick insulating film (18) so that it is partially left on
the resistor part (11r) and the resistor contact portions (11t) wherein the thin film
(17) acts as an etch stop;

removing then thin film (17) except for those portions under the remaining
portion of the relatively thick insulating layer (18); and

forming resistor electrodes (19t), an emitter electrode (19e), a base
electrode (19b) and a collector electrode (19c¢).

2. A method of manufacturing a transistor (Tr) and at least one
other device (R), the method comprising the steps of:

forming N and P regions (2, 3, &, 6, 7, 8), including a base
region (7) and a collector lead region (8), in a substrate (1);

forming an insulating film (9) on a surface of the substrate (1);

forming a first resist mask (10) on the insulating film (9);

selectively etching the insulating film (9) through the ficrst
resist mask (10) to form a plurality of windows (9e, 9b, 9c) to the
substrate (1);

removing the first resist mask (10);

forming a polycrystalline layer (11) on the insulating film (9)
and in the plurality of windows (9e, 9b, 9¢);

forming a second resist mask (12) on the polyerystalline layer
(11);
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patterning the semondingnthd atédang fdslist @hdk (@)t eave the resistor part (11r)

and the resistor qaRiAfs RRIA RESistIddde (13) on the polycrystalline layer
(11);

effecting ion-implantation through windows (13t, 13b) of the
third resist mask (13) to form resistor contact portions (1it) and a
base contact portion (Iib) which will correspond to a base in the
polycrystalline later (11);

removing the third resist mask (13);

forming a fourth resist mask (14) on the polycrystalline layer
(11);

effecting ion-implantation through windows {(14e, tlde) of the
fourth resist mask (14) into portions (11e, 1lc) of the polycrystalline
layer (11) which correspond to an emitter region and a eollector
contact: '

' removing the fourth resist mask (14);

forming another insulating film (15) on the polycrystalline layer
(11)3 .

heat treating the substrate structure and diffusing on N-type
impurity from the portions (1ie, 11c) of the polycrystalline later (11)
which correspond to the emitter region and tﬁe collector contact into
the base region (7) and the collector lead region (8), respectively, to
form the emitter region (16e) and the collector contact (16¢c) and
simultaneously diffusing a P-type impurity from the base contact

portion (11b) of the polycrystalline layer (11) into the base region
(7) to form a base contact (16b);

removing the other insulating film (15);

forming patterns in the polycrystalline layer (11) to leave the
resistor part (1ir), the resistor contact portions (11t), the portion
(11le) which corresponds to the emitter region (16e), the base contact
portion (11b) and the portion (11c) which corresponds to the collector
contact (16¢); ‘

forming a thin film (17) on thé'patterned polycrystalline layer
(11);

forming a relatively thick insulating film (18) on the thin film
(17);
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base electrode (19b) and a collector electrode (19c).

3. A method of manufacturing a transistor (Tr) and at least two

other devices (R, C), the method comprising the steps of:

forming N and P regions (2, 3, 4, 6a, 6b, 7, 8), including a base
region (7), a collector lead region (8) and an active region (6b), in
a substrate (1);

forming a first insulating film (9) on a surface of the substrate
(1);

forming a first resist mask (10) on the insulating film (9);

selectively etching the insulating film (9) through the first
resist mask (10) to form a plurality of windows (9e, gb, 9¢, 9g) to the
substrate (1);

removing the first resist mask (10);

forming a polycrystalline layer (11) on the insulating film (9)
and in the plurality of windows (9e, 9b, 9c, 9b);

forming a second resist mask (12) on the polycrystalline layer
(11);

ion-implanting a P-type impurity through a window (12R) of the
second resist mask (12) into a portion (11R) which will be a resistor
part (1ir) of the polycrystalline layer (11);

removing the second resist mask (12);

forming a third resist mask (13) on the polycrystalline layer
(1);

effecting ion-implantation through windows (13t, 13b) of the
third resist mask (13) to form resistor contact portions (11t) and a
base contact portion (11b) which will correspond to a base in the
polycrystalline layer (11);

removing the third resist mask (13) ;

forming a fourth resist mask (14) on the polycrystalline layer
(11);

effecting ion-implantatioh through windows (1le, 14c, 1U4g) of the
fourth resist mask (14) into portions (1le, 1lc, 11g) of the
polycrystalline layer (11) which correspond, respectively, to an
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emitter region, a céllector contact and a lead of a capacibes—{&3s
removing the fourth resist mask (1l4);
patterning the polycrystalline layer (11) to leave the resistor
part (11ir), the resistor contact portions (11t), the portion (1ie)
corresponding to the emitter region, the base contact portion (11b),
the portion (1tc) corresponding to the collector contact and the
portion (11g) corresponding to the lead of the capacitor ;

forming a thin film (17) on the substrate structure;

forming a second insulating film (15) on the thin film (17);

heat treating the substrate structure and diffusing an N-type
impurity from the portions (1le, 1i1c, 11g) of the polycrystalline layer
(11) which correspond to the emitter region, the collector contact and
the capacitor lead into the base region (7), the collector lead region
(8) and the active region (6b), respectively, to form the emitter
region (16e), collector contact (16¢c) and one lead of the capacitor
(C), and simultaneously diffusing a P-type impurity from the base
contact portion (11b) of the polycrystalline layer (11) into the base
region (7) to form a base contact (16b); '

patterning the second insulating film (15) to leave the resistor
part (11r) and the resistor contact portions (11t);

patterning the. thin film (17) so that the portions under the
second insulating film (15) remain;

forming a fifth resist mask (20) on the substrate structure;

selectively etching the first insulating film (9) to open a
further window (9m) which communicates with the active region (6b) and
determines the capacitance of the capacitor (C);

forming a further film (21) on the substrate structure;

patterning the further film (21) so that a portion of the film
(21) which corresponds to the further window (9m) is left; and

forming electrodes (19t) for the resistor part (1ir), an emitter
electrode (19e), a base electrode (19g), a collector electrode (19¢)
and two capacitor electrodes (19g, 19m).
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ABSTRACT

MANUFACTURE OF SEMICONDUCTOR DEVICES

A method of manufacturing a semiconductor device comprises
forming a plurality of openings (9e, 9b, 9¢) for ohmic contact portions
at the same time, then forming a semiconductor layer (11) on an entire
surface including the openings, and selectively introducing impurities
by ion implantation into the contact portions and isolated other
element regions (lle, 11b, lic, 11t, 11R) of the semiconductor layer
(11), thereby producing a transistor (Tr)} and at least one other
element (R; R, C).

Figure 1B & 1J



