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(57) ABSTRACT

A semiconductor device includes as a resistance element a
first polycrystalline silicon and a second polycrystalline
silicon containing impurities, such as boron, of the same
kind and having different widths. The first polycrystalline
silicon contains the impurities at a concentration C,. The
second polycrystalline silicon has a width larger than a width
of'the first polycrystalline silicon and contains the impurities
of the same kind at a concentration C, lower than the
concentration C,. A sign of a temperature coefficient of
resistance (TCR) of the first polycrystalline silicon changes
at the concentration Cy. A sign of a TCR of the second
polycrystalline silicon changes at the concentration C,.
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SEMICONDUCTOR DEVICE AND
SEMICONDUCTOR DEVICE FABRICATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2016-029457, filed on Feb. 19, 2016, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
semiconductor device and a semiconductor device fabrica-
tion method.

BACKGROUND

[0003] Semiconductor devices including resistance ele-
ments are known. The technique of using a polycrystalline
silicon or a diffusion layer in a semiconductor substrate
containing determined impurities as a result of ion implan-
tation, metal, metal nitride, or the like as a resistance
element is known. Furthermore, the technique of forming
resistance elements having different properties in a semi-
conductor device is known.

[0004] Japanese Laid-open Patent Publication No. 2000-
228496

[0005] Japanese Laid-open Patent Publication No. 2003-
100749

[0006] Japanese Laid-open Patent Publication No.
09-36310

[0007] Japanese Laid-open Patent Publication No. 2013-
243276

[0008] The resistance value of a resistance element may

change according to temperature. If the resistance value of
a resistance element included in a semiconductor device
changes materially at a temperature at the time of the
operation of the semiconductor device, the performance of
the semiconductor device including the resistance element
may deteriorate.

SUMMARY

[0009] According to an aspect, there is provided a semi-
conductor device including a first polycrystalline silicon
containing first impurities at a first concentration and having
a first width and a second polycrystalline silicon containing
the first impurities at a second concentration lower than the
first concentration and having a second width larger than the
first width, a sign of a temperature coefficient of the first
polycrystalline silicon changing at the first concentration, a
sign of a temperature coefficient of the second polycrystal-
line silicon changing at the second concentration.

[0010] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0011] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention.

Aug. 24,2017

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIGS. 1A through 1C illustrate an example of the
structure of a resistance element;

[0013] FIG. 2 indicates an example of the dependence of
a resistance element on temperature (part 1);

[0014] FIG. 3 indicates an example of the dependence of
a resistance element on temperature (part 2);

[0015] FIG. 4 indicates an example of the dependence of
a resistance element on temperature (part 3);

[0016] FIG. 5 is a view for describing a temperature
coeflicient;
[0017] FIG. 6 indicates an example of the relationship

between the width and temperature coefficient of a poly-
crystalline silicon;

[0018] FIG. 7 indicates an example of the relationship
between the composition ratio of a group of resistance
elements and the absolute value of a temperature coefficient;
[0019] FIG. 8 is a view for describing a resistance element
according to a first embodiment (part 1);

[0020] FIG. 9 is a view for describing a resistance element
according to a first embodiment (part 2);

[0021] FIG. 10 is a view for describing a resistance
element according to a second embodiment (part 1);
[0022] FIG. 11 is a view for describing a resistance
element according to a second embodiment (part 2);
[0023] FIG. 12 is a view for describing a resistance
element according to a second embodiment (part 3);
[0024] FIG. 13 is a view for describing a resistance
element according to a third embodiment (part 1);

[0025] FIG. 14 is a view for describing a resistance
element according to a third embodiment (part 2);

[0026] FIG. 15 is a view for describing a resistance
element according to a third embodiment (part 3);

[0027] FIG. 16 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 1);

[0028] FIG. 17 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 2);

[0029] FIG. 18 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 3);

[0030] FIG. 19 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 4);

[0031] FIG. 20 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 5);

[0032] FIG. 21 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 6);

[0033] FIG. 22 is a view for describing a semiconductor
device fabrication method according to a fourth embodiment
(part 7);

[0034] FIGS. 23A and 23B illustrate a first example of the
structure of a semiconductor device according to a fifth
embodiment;

[0035] FIGS. 24A and 24B illustrate a second example of
the structure of the semiconductor device according to the
fifth embodiment;

[0036] FIGS. 25A and 25B illustrate a third example of the
structure of the semiconductor device according to the fifth
embodiment; and
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[0037] FIGS. 26A and 268 illustrate a fourth example of
the structure of the semiconductor device according to the
fifth embodiment.

DESCRIPTION OF EMBODIMENTS

[0038] First examples of the structure and characteristic of
a resistance element used in a semiconductor device will be
described with reference to FIGS. 1A through 1C and 2
through 7.

[0039] FIGS. 1A through 1C illustrate an example of the
structure of a resistance element.

[0040] FIG. 1A is a fragmentary schematic sectional view
of two resistance elements 110 and 120 as an example
formed over a substrate 100. For example, the substrate 100
is a semiconductor substrate 101 having an insulating film
102, such as an isolation film, in the surface 100a. The
resistance element 110 having a width Wa and the resistance
element 120 having a width Wb larger than the width Wa are
formed over the surface 100a (insulating film 102) of the
above substrate 100. The resistance elements 110 and 120
which are formed side by side over the surface 100a and
which are equal or approximately equal in thickness are
illustrated as an example. The resistance elements 110 and
120 are formed by the use of, for example, a polycrystalline
silicon containing p-type or n-type impurities at a deter-
mined concentration.

[0041] FIG. 1B is a fragmentary schematic sectional view
of resistance elements 130 and 140 as another example
which are formed over a surface 100a (insulating film 102)
of a substrate 100 and which are equal or approximately
equal in width. The resistance elements 130 and 140 are Wc¢
or about Wc in width. The resistance elements 130 and 140
which are formed side by side over the surface 100a and
which are equal or approximately equal in thickness are
illustrated as an example. The resistance elements 130 and
140 are formed by the use of, for example, a polycrystalline
silicon containing p-type or n-type impurities at a deter-
mined concentration.

[0042] FIG. 1C is a fragmentary schematic sectional view
of resistance elements 150 and 160 as still another example.
The resistance element 150 is formed over a surface 100a
(insulating film 102) of a substrate 100 and the resistance
element 160 is formed in the surface 1004 of the substrate
100 (in the semiconductor substrate 101). The resistance
element 150 is formed by the use of, for example, a
polycrystalline silicon containing p-type or n-type impuri-
ties at a determined concentration. The resistance element
160 is a diffusion layer containing p-type or n-type impu-
rities at a determined concentration.

[0043] For example, the resistance elements illustrated in
FIGS. 1A through 1C are cited as resistance elements used
in semiconductor devices.

[0044] By the way, the resistance values of various resis-
tance elements may change according to temperature. The
dependence of a resistance element on temperature is
adjusted by, for example, the size, such as the width, of the
resistance element, the kind of impurities contained, or
impurity concentration.

[0045] Examples of the dependence of resistance elements
on temperature are indicated in FIGS. 2 through 4.

[0046] FIGS. 2 and 3 indicate examples of the relationship
between the temperature (° C.) and resistance value ratio (%)
of polycrystalline silicons which are 0.1 pm and 10 pm,
respectively, in width W. The resistance value ratio repre-

Aug. 24,2017

sents the ratio of a resistance value at each temperature to a
resistance value at a temperature of 25° C.

[0047] FIG. 2 indicates the relationship between tempera-
ture and resistance value ratio for a polycrystalline silicon
having a width W of 0.1 um and containing boron (B) as
p-type impurities at concentrations of 2.7x10%° cm™, 3.4x
10%° cm™3, 4.0x10%° cm™3, 4.5%x10%° cm™3, 5.0x10%° cm ™3,
and 5.5x10%° ¢cm™>.

[0048] FIG. 3 indicates the relationship between tempera-
ture and resistance value ratio for a polycrystalline silicon
having a width W of 10 pm and containing boron as p-type
impurities at concentrations of 2.7x10*° cm™, 3.4x10%°
cm™3, 4.0x10%° cm™3, 4.5%10%° cm™3, 5.0x10%° cm™>, and
5.5x10%° cm™>.

[0049] In FIGS. 2 and 3, the relationship between tem-
perature and resistance value ratio at the time of boron
concentrations being 4.5x10%° cm™, 5.0x10*° cm™, and
5.5x10%° cm™ is obtained by extrapolation. To be concrete,
a resistance value at each boron concentration is calculated
from a correlation between log(dose) and a resistance value
at each temperature and resistance value ratio is calculated.
[0050] With a polycrystalline silicon having a width W of
0.1 um, FIG. 2 indicates the following. If boron concentra-
tion is relatively low (2.7x10%° cm™>, for example), resis-
tance value ratio becomes higher with a drop in the tem-
perature below 25° C. and becomes lower with a rise in the
temperature above 25° C. With a polycrystalline silicon
having a width W of 0.1 pm, resistance value ratio at a
temperature below 25° C. tends to fall with an increase in
boron concentration, and resistance value ratio at a tempera-
ture above 25° C. tends to rise with an increase in boron
concentration.

[0051] As indicated in FIG. 3, the same applies to a
polycrystalline silicon having a width W of 10 pm. That is
to say, if boron concentration is relatively low (2.7x10%°
cm™, for example), resistance value ratio becomes higher
with a drop in the temperature below 25° C. and becomes
lower with a rise in the temperature above 25° C. With a
polycrystalline silicon having a width W of 10 pm, resis-
tance value ratio at a temperature below 25° C. tends to fall
with an increase in boron concentration, and resistance value
ratio at a temperature above 25° C. tends to rise with an
increase in boron concentration.

[0052] Furthermore, FIG. 4 indicates the relationship
between temperature and resistance value ratio for a poly-
crystalline silicon having a width W of 10 um and containing
arsenic (As) as n-type impurities at concentrations of 3.0x
10%° em™3, 3.5%10%° cm™>, and 4.0x10%° cm™.

[0053] As indicated in FIG. 4, even with a polycrystalline
silicon having a width W of 10 um and containing arsenic as
n-type impurities, resistance value ratio at a temperature
below 25° C. tends to fall with an increase in arsenic
concentration, and resistance value ratio at a temperature
above 25° C. tends to rise with an increase in arsenic
concentration.

[0054] The dependence of various resistance elements,
such as the above polycrystalline silicon and diffusion layer
each containing impurities, on temperature is evaluated by
the use of a temperature coefficient.

[0055] FIG. 5 is a view for describing a temperature
coeflicient.
[0056] FIG. 5 indicates an example of the relationship

between temperature (° C.) and resistance value ratio (%) for
a polycrystalline silicon (n-poly) and a diffusion layer
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(n-dift) each containing n-type impurities. The resistance
value ratio represents the ratio of a resistance value at each
temperature to a resistance value at a temperature of 25° C.
[0057] A resistance value R at temperature T° C. is given
by the linear approximate expression

Ry=R,sx{(T-25)xd+1} (1)

where R, is a resistance value at a temperature of 25° C. and
the coeflicient A is a temperature coefficient of resistance
(TCR) (ppm/°® C.). In the example of FIG. 5, the TCR of the
polycrystalline silicon (n-poly) containing the n-type impu-
rities is =300 ppm/® C. and the TCR of the diffusion layer
(n-dift) containing the n-type impurities is 1600 ppm/° C.
[0058] The dependence of various resistance elements on
temperature is evaluated by the use of, for example, such a
TCR.

[0059] FIG. 6 indicates an example of the relationship
between the width and temperature coefficient of a poly-
crystalline silicon.

[0060] FIG. 6 indicates an example of the relationship
between the width W (um) and TCR (ppm/® C.) of a
polycrystalline silicon obtained in the case of the polycrys-
talline silicon with a determined width W containing impu-
rities at different concentrations in accordance with the
examples of FIGS. 2 through 4.

[0061] In the example of FIG. 6, boron is selected as
impurities and the TCR of a polycrystalline silicon with
width W containing boron at concentrations of 3.6x10°
cm™3, 2.7x10%° cm ™3, 3.4x10%° cm ™3, and 4.0x10%° cm ™ are
plotted for the width W.

[0062] As indicated in FIG. 6, if boron concentration is
lower than 1x10%° cm™ (3.6x10" ecm™, for example), then
the dependence of the TCR on the width W is small.
[0063] Ifboron concentration in a polycrystalline silicon is
increased to 2.7x10%° ecm™ and then 3.4x10%° cm™3, the
TCR falls regardless of the width W. At each boron con-
centration, a polycrystalline silicon having a larger width W
has a relatively low TCR.

[0064] Ifboron concentration in a polycrystalline silicon is
increased further to 4.0x10%° cm ™3, the TCR continues to fall
in a range in which the width W is relatively small, but, on
the other hand, the TCR starts to rise in a range in which the
width W is relatively large.

[0065] Ifboron concentration in a polycrystalline silicon is
increased further, the TCR rises regardless of the width W
(FIGS. 2 and 3).

[0066] A resistance element using a polycrystalline silicon
whose width W is relatively large is used in a circuit, such
as an analog circuit, which demands high relative accuracy.
A resistance element using a polycrystalline silicon whose
width W is relatively small is used in a circuit, such as a real
time clock (RTC) circuit, in which high resistance is realized
by a small area even at a little sacrifice of relative accuracy.
It is desirable that in each case, the dependence of the
polycrystalline silicon in the resistance element on tempera-
ture and the TCR of the polycrystalline silicon in the
resistance element be small.

[0067] When resistance elements having different widths
are formed in a semiconductor device by the use of a
polycrystalline silicon, the following method, for example,
may be adopted. Polycrystalline silicons having different
widths W are formed over a substrate and impurity ions are
implanted in them at the same time with a determined dose.

Aug. 24,2017

The polycrystalline silicons having different widths are
approximately equal in thickness.

[0068] In this case, a dose at the time of implanting
impurity ions (impurity concentration in the polycrystalline
silicons) may be set with the polycrystalline silicon whose
width W is relatively large as reference so as to make the
TCR of the polycrystalline silicon whose width W is rela-
tively large low. As a result, the TCR of the polycrystalline
silicon whose width W is relatively small may become high
(FIG. 6). Conversely, if a dose at the time of implanting
impurity ions (impurity concentration in the polycrystalline
silicons) is set with the polycrystalline silicon whose width
W is relatively small as reference so as to make the TCR of
the polycrystalline silicon whose width W is relatively small
low, then the TCR of the polycrystalline silicon whose width
W is relatively large may become high (FIG. 6).

[0069] With a semiconductor device including a resistance
element formed by the use of a polycrystalline silicon whose
TCR is high, a rise and drop in the temperature caused by the
operation lead to a significant change in the resistance value
of the resistance element. As a result, the performance of the
semiconductor device may deteriorate.

[0070] Furthermore, the following technique is known as
to a semiconductor device. A resistance element having a
positive TCR and a resistance element having a negative
TCR are electrically connected in series. By doing so, the
dependence of one resistance element on temperature can-
cels out the dependence of the other resistance element on
temperature and the TCR of an element (connected body)
formed by connecting both resistance elements is made low.
With this technique, however, a desired TCR may not be
obtained by connection, depending on the composition ratio
of a group of resistance elements to be connected.

[0071] FIG. 7 indicates an example of the relationship
between the composition ratio of a group of resistance
elements and the absolute value of a temperature coefficient.
[0072] A combination of a polycrystalline silicon (n-poly)
and a diffusion layer (n-diff) each containing n-type impu-
rities and described in FIG. 5 will be taken as an example.
With this example the relationship between the composition
ratio (n-diff/n-poly) of a diffusion layer containing n-type
impurities to a polycrystalline silicon containing the n-type
impurities and the absolute value of a TCR (ppm/® C.) is
indicated in FIG. 7.

[0073] As indicated in FIG. 7, as the ratio of a diffusion
layer (n-diff) containing n-type impurities to a polycrystal-
line silicon (n-poly) containing the n-type impurities
increases, the absolute value of a TCR once decreases and
then increases. In this example, the absolute value of a TCR
is minimized when the composition ratio of a diffusion layer
containing n-type impurities to a polycrystalline silicon
containing the n-type impurities is about 0.2. Therefore, the
composition ratio (n-diff/n-poly) of a diffusion layer con-
taining n-type impurities to a polycrystalline silicon con-
taining the n-type impurities is set to about 0.2 and the
diffusion layer containing the n-type impurities and the
polycrystalline silicon containing the n-type impurities are
connected. At this time the TCR of the diffusion layer
containing the n-type impurities cancels out most effectively
the TCR of the polycrystalline silicon containing the n-type
impurities. As a result, the absolute value of the TCR of a
connected body formed is minimized.

[0074] However, the TCR of both the polycrystalline
silicon containing the n-type impurities and the diffusion
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layer containing the n-type impurities are relatively high. If
high TCRs cancel out each other, deviation of the compo-
sition ratio from the optimum value (about 0.2) is apt to
widen the difference between the absolute value of a TCR
obtained at that time and the minimum absolute value of a
TCR.

[0075] If deviation of the composition ratio of a group of
resistance elements to be connected from an optimum value
makes in this way a TCR after connection high, the opera-
tion of a semiconductor device causes a significant change
in the resistance value of a connected body formed of the
group of resistance elements. This may lead to deterioration
in the performance of the semiconductor device.

[0076] In view of the above problem, a technique
described below as embodiments will be adopted to suppress
the dependence of a resistance element on temperature and
deterioration in the performance of a semiconductor device
caused by a TCR.

[0077] A first embodiment will be described first.

[0078] FIGS. 8 and 9 are views for describing a resistance
element according to a first embodiment.

[0079] Polycrystalline silicons containing impurities and
having widths W of 0.1 pm and 10 pum are used as resistance
elements. Boron, which is a p-type impurity, is used as
impurities contained in the polycrystalline silicons.

[0080] FIG. 8 indicates an example of the relationship
between boron concentration (cm™) and sheet resistance
(€/0J) for the polycrystalline silicon (W0.1) having a width
W of 0.1 um and the polycrystalline silicon (W10) having a
width W of 10 pm.

[0081] With both the polycrystalline silicon having a
width W of 0.1 pm and the polycrystalline silicon having a
width W of 10 um, as indicated in FIG. 8, as boron
concentration increases, sheet resistance decreases mono-
tonically. The sheet resistance of the polycrystalline silicon
having a width W of 0.1 pum is higher than that of the
polycrystalline silicon having a width W of 10 um at a
certain boron concentration.

[0082] FIG. 9 indicates an example of the relationship
between boron concentration (cm™>) and the absolute value
of a TCR (ppm/°® C.) for the polycrystalline silicon (W0.1)
having a width W of 0.1 um and the polycrystalline silicon
(W10) having a width W of 10 um.

[0083] With each of the polycrystalline silicon having a
width W of 0.1 pm and the polycrystalline silicon having a
width W of 10 um, as indicated in FIG. 9, the sign of a TCR
changes at a certain boron concentration. With the polycrys-
talline silicon having a width W of 0.1 um, the sign of the
TCR changes in the 5x10%° to 6x10°° ¢cm™ boron concen-
tration range. With the polycrystalline silicon having a width
W of 10 um, the sign of the TCR changes in the 3x10°° to
4x10%° cm™ boron concentration range. That is to say, a
boron concentration at which the sign of a TCR changes
differs among different polycrystalline silicon widths W.
[0084] Accordingly, with the polycrystalline silicon hav-
ing a width W of 0.1 um, boron concentration is set to a
concentration C- at a sign change point X of the TCR. With
the polycrystalline silicon having a width W of 10 pm, boron
concentration is set to a concentration C, at a sign change
point Y of the TCR. Setting is performed in this way so that
the polycrystalline silicon having a width W of 0.1 pm and
the polycrystalline silicon having a width W of 10 pm will
contain boron at the concentrations C, and C,- which cor-
respond to the sign change points X and Y of the TCR and
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at which the absolute values of the TCRs are minimized. By
doing so, the absolute values of the TCRs of the polycrys-
talline silicon having a width W of 0.1 pm and the poly-
crystalline silicon having a width W of 10 pm are mini-
mized.

[0085] The formation of such a group of polycrystalline
silicons as a resistance element in a semiconductor device
suppresses a change in the resistance value of the resistance
element caused by the operation of the semiconductor
device and deterioration in the performance of the semicon-
ductor device caused by the change in the resistance value
of the resistance element. As a result, a semiconductor
device which stably demonstrates its performance and an
electronic device or an electronic apparatus in which the
semiconductor device is used are realized.

[0086] In the first embodiment, the polycrystalline silicon
having a width W of 0.1 um and the polycrystalline silicon
having a width W of 10 um contain boron on the basis of the
relationship indicated in FIG. 9 at the concentrations Cy and
C, corresponding to the sign change points X and Y of the
TCRs. Boron concentration is set for each of the polycrys-
talline silicons which differ in width W. As a result, the
above situation which may arise by the use of the method of
implanting impurity ions at the same time in polycrystalline
silicons which differ in width W, that is to say, a situation in
which one of the TCRs of polycrystalline silicons that differ
in width W is high and in which the other is low is avoided.
[0087] On the basis of the relationship indicated in FIG. 9,
for example, a resistance element for an analog circuit
included in a semiconductor device is formed by the use of
a polycrystalline silicon having a width W of 10 pm and
containing boron at the concentration C; corresponding to
the sign change point Y of the TCR. A resistance element for
an RTC circuit included in the semiconductor device is
formed by the use of a polycrystalline silicon having a width
W of 0.1 um and containing boron at the concentration C,
corresponding to the sign change point X of the TCR. This
minimizes both the TCR of the resistance element for the
analog circuit and the TCR of the resistance element for the
RTC circuit.

[0088] Furthermore, a group of polycrystalline silicons
obtained on the basis of the relationship indicated in FIG. 9,
that is to say, a group of polycrystalline silicon having a
width W of 0.1 pm and containing boron at the concentration
C corresponding to the sign change point X of the TCR and
polycrystalline silicon having a width W of 10 um and
containing boron at the concentration C; corresponding to
the sign change point Y of the TCR may electrically con-
nected in series or in parallel. Both the TCR of the poly-
crystalline silicon having a width W of 0.1 um and contain-
ing boron at the concentration C,, corresponding to the sign
change point X of the TCR and the TCR of the polycrys-
talline silicon having a width W of 10 um and containing
boron at the concentration C; corresponding to the sign
change point Y of the TCR are minimized. Therefore, even
if they are electrically connected, the TCR of a connected
body formed is low. As a result, with the semiconductor
device including the connected body formed by electrically
connecting this group of polycrystalline silicons as a resis-
tance element, a change in the resistance value of the
resistance element caused by the operation of the semicon-
ductor device and deterioration in the performance of the
semiconductor device caused by the change in the resistance
value of the resistance element are suppressed.



US 2017/0243934 Al

[0089] In the above example, boron, which is a p-type
impurity, is used as an impurity contained in a polycrystal-
line silicon. However, an n-type impurity, such as arsenic or
phosphorus (P), may be used as an impurity contained in a
polycrystalline silicon.

[0090] If n-type impurities are used, the relationship
between impurity concentration and the absolute value of a
TCR is acquired for polycrystalline silicons having different
widths W. On the basis of this relationship, impurity con-
centration in each polycrystalline silicon is set to concen-
tration corresponding to a sign change point of the TCR.
This is the same with the above example. A group of
polycrystalline silicons in each of which impurity concen-
tration is set to the above concentration are formed as a
resistance element in a semiconductor device. By doing so,
a change in the resistance value of the resistance element
caused by the operation of the semiconductor device and
deterioration in the performance of the semiconductor
device caused by the change in the resistance value of the
resistance element are suppressed.

[0091] Next, a second embodiment will be described.
[0092] FIGS. 10 through 12 are views for describing a
resistance element according to a second embodiment.
[0093] Polycrystalline silicons containing impurities and
having widths W of 0.1 pm and 10 pum are used as resistance
elements. This is the same with the above first embodiment.
Boron, which is a p-type impurity, is used as impurities
contained in the polycrystalline silicons.

[0094] FIG. 10 indicates an example of the relationship
between boron concentration (cm™>) and the absolute value
of a TCR (ppm/°® C.) for the polycrystalline silicon (W0.1)
having a width W of 0.1 um and the polycrystalline silicon
(W10) having a width W of 10 um. FIG. 10 corresponds to
the relationship of FIG. 9 described in the above first
embodiment.

[0095] If the relationship between boron concentration
and the absolute value of a TCR is indicated in FIG. 10 for
polycrystalline silicons having different widths W, then the
TCR of a polycrystalline silicon having a smaller width W
and a polycrystalline silicon having a larger width W are
made negative and positive, respectively, by properly setting
boron concentration. For example, boron concentrations in
the polycrystalline silicons having widths W of 0.1 pm and
10 um are set to the same concentration C, (4.4x10%° cm™,
in this example). At the concentration C,, the signs of the
TCRs of the polycrystalline silicons having widths W of 0.1
um and 10 pm are opposite to each other. That is to say, the
TCRs of the polycrystalline silicon (W0.1) having a width
W of 0.1 um and the polycrystalline silicon (W10) having a
width W of 10 pm are negative and positive respectively.
[0096] FIG. 11 indicates an example of the relationship
between temperature (° C.) and resistance value ratio (%) for
the polycrystalline silicon (WO0.1) having a width W of 0.1
um and containing boron at the concentration C, and the
polycrystalline silicon (W10) having a width W of 10 pm
and containing boron at the concentration C,,. The resistance
value ratio represents the ratio of a resistance value at each
temperature to a resistance value at a temperature of 25° C.
[0097] FIG. 11 indicates the relationship between tem-
perature and resistance value ratio for the polycrystalline
silicon having a width W of 0.1 pm and containing boron at
the concentration C,. The coefficient A at the time of
approximating this relationship by the use of the above
expression (1) is the TCR of the polycrystalline silicon
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(WO0.1). Similarly, FIG. 11 indicates the relationship
between temperature and resistance value ratio for the
polycrystalline silicon having a width W of 10 um and
containing boron at the concentration C,. The coefficient A
at the time of approximating this relationship by the use of
the above expression (1) is the TCR of the polycrystalline
silicon (W10).

[0098] As indicated in FIG. 11, both the absolute value of
the TCR of the polycrystalline silicon (WO0.1) having a width
W of 0.1 um and containing boron at the concentration C,
and the absolute value of the TCR of the polycrystalline
silicon (W10) having a width W of 10 pm and containing
boron at the concentration C, are sufficiently small values
and the polycrystalline silicon (WO0.1) and the polycrystal-
line silicon (W10) are usable as resistance elements in a
semiconductor device. For example, the absolute values of
the TCRs of the polycrystalline silicon (W0.1) and the
polycrystalline silicon (W10) are significantly smaller than
the TCRs (coefficients A) of the polycrystalline silicon
(n-poly) and the diffusion layer (n-diff) each of which
contains the n-type impurities and which are described in
FIG. 5.

[0099] If the polycrystalline silicon having a width W of
0.1 um and containing boron at the concentration C,, and the
polycrystalline silicon having a width W of 10 um and
containing boron at the concentration C, are electrically
connected in series, then the dependence of the polycrys-
talline silicon having a width W of 0.1 pm on temperature
and the dependence of the polycrystalline silicon having a
width W of 10 um on temperature cancel out each other. As
a result, the TCR of a connected body becomes lower than
the TCR of each polycrystalline silicon. A group of poly-
crystalline silicons connected in this way are formed as a
resistance element in a semiconductor device. By doing so,
a change in the resistance value of the resistance element
caused by the operation of the semiconductor device and
deterioration in the performance of the semiconductor
device caused by the change in the resistance value of the
resistance element are suppressed.

[0100] FIG. 12 indicates an example of the relationship
between the composition ratio (W10/W0.1) of the polycrys-
talline silicon (W10) having a width W of 10 um and
containing boron at the concentration C, to the polycrystal-
line silicon (WO0.1) having a width W of 0.1 pm and
containing boron at the concentration Ca and the absolute
value of a TCR (ppm/° C.).

[0101] As indicated in FIG. 12, as the ratio of the poly-
crystalline silicon (W10) having a width W of 10 um and
containing boron at the concentration C, to the polycrystal-
line silicon (WO0.1) having a width W of 0.1 pm and
containing boron at the concentration C, increases, the
absolute value of a TCR decreases slowly and then increases
slowly. For example, an increase or decrease in the absolute
value of a TCR with the composition ratio (W10/WO0.1) is
significantly small, compared with the relationship between
the composition ratio (n-diff/n-poly) of the diffusion layer
containing the n-type impurities to the polycrystalline sili-
con containing the n-type impurities and the absolute value
of a TCR (ppm/° C.) described in FIG. 7.

[0102] In the example of FIG. 12, when the composition
ratio (W10/WO0.1) of the polycrystalline silicon (W10) hav-
ing a width W of 10 um and containing boron at the
concentration C, to the polycrystalline silicon (W0.1) hav-
ing a width W of 0.1 um and containing boron at the
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concentration C,, is about 1.8, the absolute value of a TCR
is minimized. Therefore, the composition ratio (W10/W0.1)
of the polycrystalline silicon (W10) having a width W of 10
um and containing boron at the concentration C, to the
polycrystalline silicon (W0.1) having a width W of 0.1 pm
and containing boron at the concentration C, is set to about
1.8. When these polycrystalline silicons are connected, their
TCRs effectively cancel out each other and the absolute
value of the TCR of a connected body is minimized.
[0103] Furthermore, in the example of FIG. 12, even if the
composition ratio (W10/W0.1) of the polycrystalline silicon
(W10) having a width W of 10 um and containing boron at
the concentration C, to the polycrystalline silicon (W0.1)
having a width W of 0.1 um and containing boron at the
concentration C,, deviates from the optimum value (about
1.8), the difference between the absolute value of a TCR
obtained and the minimum absolute value of a TCR is small
because the absolute value of a TCR increases or decreases
slowly. As a result, the composition ratio (W10/W0.1) of the
polycrystalline silicon (W10) having a width W of 10 pm
and containing boron at the concentration C, to the poly-
crystalline silicon (W0.1) having a width W of 0.1 um and
containing boron at the concentration C, is set in a relatively
wide range. By forming a group of polycrystalline silicons
in a set composition ratio and electrically connecting them
in series, a connected body having a low TCR is realized. By
forming such a connected body as a resistance element in a
semiconductor device, a change in the resistance value of the
resistance element caused by the operation of the semicon-
ductor device and deterioration in the performance of the
semiconductor device caused by the change in the resistance
value of the resistance element are suppressed.

[0104] In the above example, boron, which is a p-type
impurity, is used as an impurity contained in a polycrystal-
line silicon. However, an n-type impurity, such as arsenic or
phosphorus, may be used as an impurity contained in a
polycrystalline silicon.

[0105] Next, a third embodiment will be described.
[0106] FIGS. 13 through 15 are views for describing a
resistance element according to a third embodiment.
[0107] Polycrystalline silicons containing impurities and
having widths W of 0.1 pm and 10 pum are used as resistance
elements. This is the same with the above first and second
embodiments. Boron, which is a p-type impurity, is used as
impurities contained in the polycrystalline silicons.

[0108] FIG. 13 indicates an example of the relationship
between boron concentration (cm™>) and the absolute value
of a TCR (ppm/°® C.) for the polycrystalline silicon (W0.1)
having a width W of 0.1 um and the polycrystalline silicon
(W10) having a width W of 10 um. FIG. 13 corresponds to
the relationships of FIGS. 9 and 10 described in the above
first and second embodiments respectively.

[0109] The third embodiment differs from the above sec-
ond embodiment in that boron concentration in the poly-
crystalline silicon having a width W of 0.1 um is higher than
boron concentration in the polycrystalline silicon having a
width W of 10 um. For example, boron concentration in the
polycrystalline silicon having a width W of 0.1 um is set to
a concentration C,, (4.8x10%° cm™, in this example) and
boron concentration in the polycrystalline silicon having a
width W of 10 um is set to a concentration C, (4.4x10%°
cm™>, in this example) lower than the concentration C,. As
indicated in FIG. 13, the TCR of the polycrystalline silicon
(WO0.1) having a width W of 0.1 pm becomes negative at the
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concentration C,,; and the TCR of the polycrystalline silicon
(W10) having a width W of 10 um becomes positive at the
concentration C,.

[0110] FIG. 14 indicates an example of the relationship
between temperature (° C.) and resistance value ratio (%) for
the polycrystalline silicon (WO0.1) having a width W of 0.1
um and containing boron at the concentration C,,; and the
polycrystalline silicon (W10) having a width W of 10 pm
and containing boron at the concentration C,,. The resistance
value ratio represents the ratio of a resistance value at each
temperature to a resistance value at a temperature of 25° C.
[0111] FIG. 14 indicates the relationships between tem-
perature and resistance value ratio for the polycrystalline
silicon (WO0.1) having a width W of 0.1 um and containing
boron at the concentration C; and the polycrystalline sili-
con (W10) having a width W of 10 um and containing boron
at the concentration C,. The coeflicients A at the time of
approximating these relationships by the use of the above
expression (1) are the TCRs of the polycrystalline silicon
(WO0.1) and the polycrystalline silicon (W10). The absolute
values of the TCRs of both the polycrystalline silicon
(W0.1) and the polycrystalline silicon (W10) are sufficiently
small values and the polycrystalline silicon (W0.1) and the
polycrystalline silicon (W10) are usable as resistance ele-
ments in a semiconductor device.

[0112] Furthermore, with the polycrystalline silicon (WO.
1) having a width W of 0.1 um and containing boron at the
concentration C, higher than the concentration C,
described in the above second embodiment, the absolute
value of the TCR is small compared with the above second
embodiment.

[0113] By electrically connecting the polycrystalline sili-
con having a width W of 0.1 um and containing boron at the
concentration C,; and the polycrystalline silicon having a
width W of 10 um and containing boron at the concentration
C, in series, the dependence of the polycrystalline silicon
having a width W of 0.1 um on temperature and the
dependence of the polycrystalline silicon having a width W
of 10 um on temperature cancel out each other. As a result,
the TCR of a connected body is low compared with the
above second embodiment. A group of polycrystalline sili-
cons connected in this way are formed as a resistance
element in a semiconductor device. By doing so, a change in
the resistance value of the resistance element caused by the
operation of the semiconductor device and deterioration in
the performance of the semiconductor device caused by the
change in the resistance value of the resistance element are
suppressed.

[0114] FIG. 15 indicates an example of the relationship
between the composition ratio (W10/W0.1) of the polycrys-
talline silicon (W10) having a width W of 10 um and
containing boron at the concentration C, to the polycrystal-
line silicon (WO0.1) having a width W of 0.1 pm and
containing boron at the concentration C,; and the absolute
value of a TCR (ppm/° C.).

[0115] As indicated in FIG. 15, as the ratio of the poly-
crystalline silicon (W10) having a width W of 10 um and
containing boron at the concentration C, to the polycrystal-
line silicon (WO0.1) having a width W of 0.1 pm and
containing boron at the concentration C, increases, the
absolute value of a TCR decreases slowly and then increases
slowly.

[0116] In the example of FIG. 15, when the composition
ratio (W10/WO0.1) of the polycrystalline silicon (W10) hav-
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ing a width W of 10 pym and containing boron at the
concentration C,, to the polycrystalline silicon (W0.1) hav-
ing a width W of 0.1 um and containing boron at the
concentration C, is about 0.9, the absolute value of a TCR
is minimized. When the polycrystalline silicon having a
width W of 0.1 pm and the polycrystalline silicon having a
width W of 10 um are connected in this composition ratio
(W10/W0.1), the TCRs of the polycrystalline silicon having
a width W of 0.1 um and the polycrystalline silicon having
a width W of 10 pm effectively cancel out each other and the
absolute value of the TCR of a connected body is minimized.
[0117] Furthermore, in the example of FIG. 15, even if the
composition ratio (W10/W0.1) of the polycrystalline silicon
(W10) having a width W of 10 um to the polycrystalline
silicon (WO0.1) having a width W of 0.1 pm deviates from the
optimum value (about 0.9), the difference between the
absolute value of a TCR obtained and the minimum absolute
value of a TCR is small because the absolute value of a TCR
increases or decreases slowly. This is the same with FIG. 12.
As a result, the composition ratio (W10/W0.1) of the poly-
crystalline silicon (W10) having a width W of 10 um and
containing boron at the concentration C, to the polycrystal-
line silicon (W0.1) having a width W of 0.1 pm and
containing boron at the concentration C,, is set in a rela-
tively wide range. By forming a group of polycrystalline
silicons in a set composition ratio and electrically connect-
ing them in series, a connected body having a low TCR is
realized. By forming such a connected body as a resistance
element in a semiconductor device, a change in the resis-
tance value of the resistance element caused by the operation
of the semiconductor device and deterioration in the perfor-
mance of the semiconductor device caused by the change in
the resistance value of the resistance element are suppressed.
[0118] In addition, in the third embodiment the absolute
value of a TCR obtained at the time of connecting the
polycrystalline silicon having a width W of 0.1 pm and the
polycrystalline silicon having a width W of 10 pum is made
small in a range in which the composition ratio (W10/W0.1)
is low, compared with the above second embodiment. That
is to say, the ratio of the polycrystalline silicon having a
width W of 10 um is reduced. As a result, the percentage of
a space (area or volume) in a semiconductor device occupied
by a resistance element formed of a connected body of the
polycrystalline silicon having a width W of 0.1 pm and the
polycrystalline silicon having a width W of 10 um is
reduced. This leads to, for example, miniaturization of a
semiconductor device or improvement in the flexibility of
the arrangement of components (not only resistance ele-
ments but also circuit elements, such as transistors and
wirings) included in a semiconductor device.

[0119] In the above example, boron, which is a p-type
impurity, is used as an impurity contained in a polycrystal-
line silicon. However, an n-type impurity, such as arsenic or
phosphorus, may be used as an impurity contained in a
polycrystalline silicon.

[0120] Next, a fourth embodiment will be described.
[0121] An example of a method for fabricating a semi-
conductor device including a resistance element formed by
the use of a polycrystalline silicon will now be described as
a fourth embodiment.

[0122] FIGS. 16 through 22 are views for describing a
semiconductor device fabrication method according to a
fourth embodiment. FIG. 16 is a fragmentary schematic
sectional view of an example of a polycrystalline silicon
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pattern formation process. FIG. 17 is a fragmentary sche-
matic sectional view of an example of a first ion implanta-
tion process. FIGS. 18 and 19 are fragmentary schematic
sectional views of an example of a second ion implantation
process. FIG. 20 is a fragmentary schematic sectional view
of an example of a sidewall insulating film formation
process. FIG. 21 is a fragmentary schematic sectional view
of an example of a third ion implantation process. FIG. 22
is a fragmentary schematic sectional view of an example of
a conductor portion formation process.

[0123] A substrate 40 illustrated in FIG. 16 is prepared. A
semiconductor substrate 41, such as a silicon (Si) substrate
or a silicon germanium (SiGe) substrate, is used as the
substrate 40. The substrate 40 includes an area 10a in which
a first resistance element is to be formed, an area 20a in
which a second resistance element is to be formed, and an
area 30a in which a transistor is to be formed. An insulating
film 424 is formed in the semiconductor substrate 41 in the
area 10a. An insulating film 425 is formed in the semicon-
ductor substrate 41 in the area 20a. An insulating film 42¢
which demarcates an element region (active region) and an
insulating film 424 over the active region are formed in the
semiconductor substrate 41 in the area 30a. The insulating
film 424, the insulating film 425, and the insulating film 42¢
are formed by the use of a shallow trench isolation (STI)
method, a thermal oxidation method, or the like. The insu-
lating film 424 is formed by the use of the thermal oxidation
method or the like.

[0124] As illustrated in FIG. 16, a polycrystalline silicon
11, a polycrystalline silicon 21, and a polycrystalline silicon
31 are formed over the above substrate 40. The polycrys-
talline silicon 11 is formed over the insulating film 424 in the
area 10a so as to have a determined width W1 and a
determined thickness T1. The polycrystalline silicon 21 is
formed over the insulating film 425 in the area 20a so as to
have a determined width W2 and a determined thickness T2.
The polycrystalline silicon 31 is formed over the insulating
film 42d in the area 304 so as to have a determined width W3
and a determined thickness T3. For example, the thickness
T1 of the polycrystalline silicon 11, the thickness T2 of the
polycrystalline silicon 21, and the thickness T3 of the
polycrystalline silicon 31 are equal or approximately equal.
The width W2 of the polycrystalline silicon 21 is larger than
the width W1 of the polycrystalline silicon 11. For example,
the polycrystalline silicon 11, the polycrystalline silicon 21,
and the polycrystalline silicon 31 are formed by patterning
a polycrystalline silicon layer formed over the substrate 40
by the use of a photolithography technique and an etching
technique.

[0125] As illustrated in FIG. 17, a resist 50 which covers
the area 30a and which has an opening portion 50a in the
areas 10a and 20q is then formed over the substrate 40 over
which the polycrystalline silicon 11, the polycrystalline
silicon 21, and the polycrystalline silicon 31 are formed.
Impurity ions are implanted in the polycrystalline silicon 11
in the area 10a and the polycrystalline silicon 21 in the area
20a with the resist 50 as a mask. For example, boron ions are
implanted in the polycrystalline silicon 11 and the polycrys-
talline silicon 21 under the condition that acceleration
energy and a dose be 8 keV and 4x10"> cm™2 respectively.
The resist 50 is removed after the ion implantation.

[0126] By performing the process of FIG. 17, the poly-
crystalline silicon 11 having the width W1 and containing
impurities is formed in the area 10a of the substrate 40 and
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the polycrystalline silicon 21 having the width W2 larger
than the width W1 and containing impurities whose con-
centration is equal or approximately equal to that of the
impurities contained in the polycrystalline silicon 11 is
formed in the area 20a of the substrate 40.

[0127] As illustrated in FIG. 18, a resist 51 which covers
the area 20a and which has an opening portion 51a in the
areas 10a and 30q is then formed over the substrate 40.
Impurity ions are implanted in the polycrystalline silicon 11
in the area 10a and the polycrystalline silicon 31 in the area
30a with the resist 51 as a mask. For example, boron ions are
implanted in the polycrystalline silicon 11 and the polycrys-
talline silicon 31 under the condition that acceleration
energy and a dose be 0.5 keV and 4x10™* cm™> respectively.
The resist 51 is removed after the ion implantation.

[0128] By performing the process of FIG. 18, the poly-
crystalline silicon 11 having the width W1 and containing
the impurities is formed in the area 10a of the substrate 40
and the polycrystalline silicon 21 having the width W2
larger than the width W1 and containing the impurities
whose concentration is lower than that of the impurities
contained in the polycrystalline silicon 11 is formed in the
area 20a of the substrate 40. That is to say, a group of
polycrystalline silicons which are described in the above
first or third embodiment and which differ in impurity
concentration and width W are formed. Conditions under
which impurity ion implantation is performed in the pro-
cesses of FIGS. 17 and 18 are set according to the form of
a group of polycrystalline silicons to be formed.

[0129] Furthermore, by performing the process of F1G. 18,
the polycrystalline silicon 31 (gate electrode 31) containing
impurities is formed and impurity regions 34 are formed in
the semiconductor substrate 41 on both sides of the gate
electrode 31, in the area 30a of the substrate 40. The
impurity regions 34 function as lightly doped drain (LDD)
regions of a transistor (FIG. 22).

[0130] In the example of FIG. 18, the resist 51 which
covers the area 20a and which has the opening portion 51a
in the areas 10a and 30a is formed after the process of FIG.
17 and the ion implantation is performed with the resist 51
as a mask. Alternatively, the following process may be
performed. As illustrated in FIG. 19, a resist 52 which covers
the areas 10a and 20a and which has an opening portion 52a
in the area 30a is formed after the process of FIG. 17 and ion
implantation is performed with the resist 52 as a mask. The
resist 52 is removed after the ion implantation.

[0131] In the process of FIG. 19, the polycrystalline
silicon 11 and the polycrystalline silicon 21 formed in the
process of FIG. 17 are protected against ion implantation by
the resist 52. The polycrystalline silicon 11 having the width
W1 and containing the impurities is formed in the area 10a
of the substrate 40 and the polycrystalline silicon 21 having
the width W2 larger than the width W1 and containing the
impurities whose concentration is equal or approximately
equal to that of the impurities contained in the polycrystal-
line silicon 11 is formed in the area 204 of the substrate 40.
That is to say, a group of polycrystalline silicons which are
described in the above second embodiment, which are equal
or approximately equal in impurity concentration, and which
differ in width W are formed. Conditions under which
impurity ion implantation is performed in the processes of
FIGS. 17 and 19 are set according to the form of a group of
polycrystalline silicons to be formed.
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[0132] By performing the process of FIG. 19, the poly-
crystalline silicon 31 (gate electrode 31) containing impu-
rities is formed and impurity regions 34 (LDD regions) are
formed in the semiconductor substrate 41 on both sides of
the gate electrode 31, in the area 30a of the substrate 40.
[0133] An ion implantation procedure is not limited to a
procedure in which the process of FIG. 18 is performed after
the process of FIG. 17 or a procedure in which the process
of FIG. 19 is performed after the process of FIG. 17. As long
as the polycrystalline silicon 11, the polycrystalline silicon
21, the gate electrode (polycrystalline silicon) 31, and the
impurity regions 34 each containing impurities at a deter-
mined concentration are finally formed, any ion implanta-
tion procedure may be adopted.

[0134] After the polycrystalline silicon 11, the polycrys-
talline silicon 21, the gate electrode 31, and the impurity
regions 34 each containing impurities at the determined
concentration are formed, sidewall insulating films are
formed. As illustrated in FIG. 20, a sidewall insulating film
12 is formed on a sidewall of the polycrystalline silicon 11,
a sidewall insulating film 22 is formed on a sidewall of the
polycrystalline silicon 21, and a sidewall insulating film 32
is formed on a sidewall of the gate electrode 31. The
sidewall insulating film 12, the sidewall insulating film 22,
and the sidewall insulating film 32 are formed by forming an
insulating film, such as an oxide film, a nitride film, or a film
formed by laminating them, over the substrate 40 and
etching the insulating film. At etching time an insulating film
42a, an insulating film 4254, an insulating film 42¢, and an
insulating film 424 are partially etched. A gate insulating
film 33 (part of the insulating film 424 which remains after
the etching) is formed between the semiconductor substrate
41 in the area 30a and the gate electrode 31.

[0135] As illustrated in FIG. 21, a resist 53 which covers
the areas 10a and 204 and which has an opening portion 53a
in the area 30q is then formed over the substrate 40. Impurity
ions are implanted in the semiconductor substrate 41 in the
area 30q with the resist 53 as a mask. By doing so, impurity
regions 35 which function as a source region and a drain
region of a transistor 30 are formed so that the impurity
regions 35 will be equal in conduction type to the impurity
regions 34 previously formed and so that impurity concen-
tration in the impurity regions 35 will be higher than
impurity concentration in the impurity regions 34. The resist
53 is removed after the ion implantation.

[0136] After the process of FIG. 21, the surfaces of the
polycrystalline silicon 11, the polycrystalline silicon 21, the
gate electrode 31, and the impurity regions 35 may be
silicidated. If silicidation is performed, the following
method, for example, is used. A silicide block film is formed
in advance in a determined area in which silicidation is not
performed, and part or the whole of the surface of each of
the polycrystalline silicon 11, the polycrystalline silicon 21,
the gate electrode 31, and the impurity regions 35 is silici-
dated with the silicide block film as a mask. For example, the
silicide block film, together with the sidewall insulating
films 12, 22, and 32, is formed in advance in the determined
area by using the insulating film formed at the time of
forming the sidewall insulating films 12, 22, and 32 and
using the photolithography technique and the etching tech-
nique.

[0137] By performing the processes of FIGS. 16 through
21, a resistance element 10 including the polycrystalline
silicon 11 having the width W1 and containing the impurities
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is formed in the area 10a of the substrate 40. A resistance
element 20 including the polycrystalline silicon 21 contain-
ing the impurities whose concentration is equal or approxi-
mately equal to or lower than that of the impurities contained
in the polycrystalline silicon 11 and having the width W2
larger than the width W1 of the polycrystalline silicon 11 is
formed in the area 20a of the substrate 40. The transistor 30
is formed in the area 30a of the substrate 40.

[0138] After the resistance element 10, the resistance
element 20, and the transistor 30 are formed, for example, an
interlayer insulating film 60 which covers them and con-
ductor portions, such as a plug (contact) 71 and a wiring 72,
connected to the transistor 30 are formed as illustrated in
FIG. 22. Furthermore, upper wiring layers may be formed in
the same way.

[0139] A semiconductor device 1 having a structure illus-
trated in FIG. 22, for example, is obtained in this way.
[0140] Next, a fifth embodiment will be described.
[0141] An example of the structure of a semiconductor
device including a resistance element formed by the use of
a polycrystalline silicon will now be described as a fifth
embodiment.

[0142] FIGS. 23A and 23B illustrate a first example of the
structure of a semiconductor device according to a fifth
embodiment. FIG. 23A is a fragmentary schematic layout
diagram of a semiconductor device. FIG. 23B is a schematic
sectional view taken along the line [.1-L.1 of FIG. 23A.
[0143] FIGS. 23A and 23B illustrate a semiconductor
device 1a including a resistance element 10 formed by the
use of a polycrystalline silicon 11 and a resistance element
20 formed by the use of a polycrystalline silicon 21. A
transistor, such as the transistor 30 described in the above
fourth embodiment, is not illustrated in FIG. 23A or 23B.
Furthermore, a substrate 40, a sidewall insulating film 12, a
sidewall insulating film 22, a silicide layer 17, a silicide
layer 27, or an interlayer insulating film 60 illustrated in
FIG. 23B is not illustrated in FIG. 23A.

[0144] As illustrated in FIG. 23B, the polycrystalline
silicon 11 and the polycrystalline silicon 21 are formed over
an insulating film 42 of the substrate 40 including a semi-
conductor substrate 41 and the insulating film 42. As illus-
trated in FIG. 23 A, the polycrystalline silicon 11 has a width
W1 and contains impurities at a determined concentration.
As illustrated in FIG. 23 A, the polycrystalline silicon 21 has
a width W2 larger than the width W1 of the polycrystalline
silicon 11 and contains impurities whose concentration is
lower than or equal or approximately equal to that of the
impurities contained in the polycrystalline silicon 11. As
illustrated in FIG. 23B, the sidewall insulating film 12 is
formed on a sidewall of the polycrystalline silicon 11 and the
sidewall insulating film 22 is formed on a sidewall of the
polycrystalline silicon 21.

[0145] As illustrated in FIG. 23B, the interlayer insulating
film 60 is formed over the substrate 40. Contacts 71 elec-
trically connected to the polycrystalline silicon 11 and the
polycrystalline silicon 21 are formed in the interlayer insu-
lating film 60. A first-layer wiring 72 (wirings 72a, 724, and
72¢, in this example) is formed over the interlayer insulating
film 60.

[0146] As illustrated in FIGS. 23A and 23B, a silicide
block film 16 and a silicide block film 26 are formed over the
polycrystalline silicon 11 and the polycrystalline silicon 21
respectively. As illustrated in FIG. 23B, a silicide layer 17 is
formed over the surfaces of end portions 11a and 115 of the
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polycrystalline silicon 11 which are exposed from the sili-
cide block film 16. As illustrated in FIG. 23B, a silicide layer
27 is formed over the surfaces of end portions 21a and 215
of the polycrystalline silicon 21 which are exposed from the
silicide block film 26. The contacts 71 are formed so that
they will be connected to the silicide layer 17 and the silicide
layer 27.

[0147] As illustrated in FIGS. 23A and 23B, a contact 71
connected to the end portion 11a of the polycrystalline
silicon 11 and a contact 71 connected to the end portion 21a
of'the polycrystalline silicon 21 opposite the end portion 11a
of'the polycrystalline silicon 11 are electrically connected by
the wiring 72a. The wiring 725 other than the wiring 72a is
electrically connected to a contact 71 connected to the end
portion 115 of the polycrystalline silicon 11. The wiring 72¢
other than the wirings 72a and 72b is electrically connected
to a contact 71 connected to the end portion 215 of the
polycrystalline silicon 21.

[0148] The polycrystalline silicon 11 and the polycrystal-
line silicon 21 are electrically connected in series via these
contacts 71 and the wirings 72a, 72b, and 72c.

[0149] With the semiconductor device 1la including the
polycrystalline silicon 11 with the width W1 and the poly-
crystalline silicon 21 with the width W2 (>W1) electrically
connected in this way in series, deterioration in the perfor-
mance is suppressed by properly setting impurity concen-
tration in the polycrystalline silicon 11 and the polycrystal-
line silicon 21.

[0150] In other words, impurity concentration in the poly-
crystalline silicon 11 with the width W1 is set to a concen-
tration at a sign change point of the TCR, that is to say, to
a concentration at the time of the absolute value of the TCR
being minimized. Similarly, impurity concentration in the
polycrystalline silicon 21 with the width W2 larger than the
width W1 of the polycrystalline silicon 11 is set to a
concentration at a sign change point of the TCR, that is to
say, to a concentration at the time of the absolute value of the
TCR being minimized. In other words, the technique
described in the above first embodiment is adopted. This
minimizes both the absolute value of the TCR of the
polycrystalline silicon 11 and the absolute value of the TCR
of the polycrystalline silicon 21. Therefore, even if the
polycrystalline silicon 11 and the polycrystalline silicon 21
are electrically connected in the above way in series in the
semiconductor device 1a, the TCR of a connected body
formed of the polycrystalline silicon 11 and the polycrys-
talline silicon 21 is low. This suppresses a change in the
resistance value of the connected body caused by the opera-
tion of the semiconductor device 1a and deterioration in the
performance of the semiconductor device 1a caused by the
change in the resistance value of the connected body.
[0151] Alternatively, impurity concentration in the poly-
crystalline silicon 11 with the width W1 is set to a concen-
tration at which the TCR is negative, and impurity concen-
tration in the polycrystalline silicon 21 with the width W2
larger than the width W1 of the polycrystalline silicon 11 is
set to a concentration at which the TCR is positive. At this
time the impurity concentration in the polycrystalline silicon
21 with the width W2 is equal or approximately equal to or
lower than the impurity concentration in the polycrystalline
silicon 11 with the width W1. That is to say, the technique
described in the above second or third embodiment is
adopted. If the polycrystalline silicon 11 and the polycrys-
talline silicon 21 are electrically connected in the above way
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in series in the semiconductor device 1a, the dependence of
the polycrystalline silicon 11 on temperature and the depen-
dence of the polycrystalline silicon 21 on temperature cancel
out each other and the TCR of a connected body formed of
the polycrystalline silicon 11 and the polycrystalline silicon
21 is low. This suppresses a change in the resistance value
of the connected body caused by the operation of the
semiconductor device 1a and deterioration in the perfor-
mance of the semiconductor device 1a caused by the change
in the resistance value of the connected body.

[0152] FIGS. 24A and 24B illustrate a second example of
the structure of the semiconductor device according to the
fifth embodiment. FIG. 24A is a fragmentary schematic
layout diagram of the semiconductor device. FIG. 24B is a
schematic sectional view taken along the line [.2-[.2 of FIG.
24A.

[0153] With a semiconductor device 154 illustrated in
FIGS. 24A and 24B, a polycrystalline silicon 11 of a
resistance element 10 and a polycrystalline silicon 21 of a
resistance element 20 are formed as continuous one body
(polycrystalline silicon 80). By doing so, a structure in
which the polycrystalline silicon 11 and the polycrystalline
silicon 21 are electrically connected in series is realized. The
semiconductor device 15 does not include the wiring 72a
and the contacts 71 connected thereto which are formed in
the semiconductor device 1a illustrated in FIGS. 23A and
23B. As illustrated in FI1G. 24B, a silicide layer 87 is formed
over the surface of the polycrystalline silicon 80 between a
silicide block film 16 and a silicide block film 26. The
semiconductor device 15 is equal in structure to the above
semiconductor device 1a in the other respects.

[0154] With the semiconductor device 14 having the
above structure, deterioration in the performance is also
suppressed by properly setting impurity concentration in the
polycrystalline silicon 11 with the width W1 and the poly-
crystalline silicon 21 with the width W2.

[0155] That is to say, by adopting the technique described
in the above first embodiment and setting impurity concen-
tration, both the absolute value of the TCR of the polycrys-
talline silicon 11 and the absolute value of the TCR of the
polycrystalline silicon 21 are minimized. Alternatively, by
adopting the technique described in the above second or
third embodiment and setting impurity concentration, the
TCR of the polycrystalline silicon 11 is made negative and
the TCR of the polycrystalline silicon 21 is made positive.
This is the same with the above semiconductor device la.
Because the polycrystalline silicon 11 and the polycrystal-
line silicon 21 are electrically connected in series as con-
tinuous one body, the TCR of a connected body formed of
the polycrystalline silicon 11 and the polycrystalline silicon
21 is low. This suppresses a change in the resistance value
of the connected body caused by the operation of the
semiconductor device 15 and deterioration in the perfor-
mance of the semiconductor device 15 caused by the change
in the resistance value of the connected body.

[0156] FIGS. 25A and 25B illustrate a third example of the
structure of the semiconductor device according to the fifth
embodiment. FIG. 25A is a fragmentary schematic layout
diagram of the semiconductor device. FIG. 25B is a sche-
matic sectional view taken along the line L3-L.3 of FIG.
25A.

[0157] A semiconductor device 1c illustrated in FIGS.
25A and 25B differs from the semiconductor device 14
illustrated in FIGS. 24A and 24B in that a common silicide
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block film 90 extending over a polycrystalline silicon 11 of
a resistance element 10 and a polycrystalline silicon 21 of a
resistance element 20 is formed. The semiconductor device
1c does not include the silicide layer 87 formed in the
semiconductor device 15. The semiconductor device 1c is
equal in structure to the above semiconductor device 15 in
the other respects.

[0158] The same effect that is obtained by the above
semiconductor device 15 is achieved by the semiconductor
device 1c using the above silicide block film 90.

[0159] FIGS. 26A and 268 illustrate a fourth example of
the structure of the semiconductor device according to the
fifth embodiment. FIG. 26A is a fragmentary schematic
layout diagram of the semiconductor device. FIG. 26B is a
schematic sectional view taken along the line [.4-1.4 of FIG.
26A.

[0160] With a semiconductor device 1d illustrated in
FIGS. 26A and 26B, a polycrystalline silicon 11 of a
resistance element 10 and a polycrystalline silicon 21 of a
resistance element 20 are electrically connected in parallel.
That is to say, as illustrated in FIG. 26 A, with the semicon-
ductor device 1d a contact 71 connected to one end portion
11a of the polycrystalline silicon 11 and a contact 71
connected to one end portion 21a of the polycrystalline
silicon 21 are electrically connected by a wiring 72 (wiring
72d, in this example). A contact 71 connected to the other
end portion 116 of the polycrystalline silicon 11 and a
contact 71 connected to the other end portion 215 of the
polycrystalline silicon 21 are electrically connected by a
wiring 72 (wiring 72e, in this example).

[0161] A silicide block film 16 and a silicide block film 26
may be separately formed over the polycrystalline silicon 11
and the polycrystalline silicon 21, respectively, or be inte-
grally formed over the polycrystalline silicon 11 and the
polycrystalline silicon 21.

[0162] With the semiconductor device 14 including the
polycrystalline silicon 11 with a width W1 and the poly-
crystalline silicon 21 with a width W2 (>W1) electrically
connected in this way in parallel, deterioration in the per-
formance is also suppressed by properly setting impurity
concentration in the polycrystalline silicon 11 and the poly-
crystalline silicon 21.

[0163] That is to say, by adopting the technique described
in the above first embodiment and setting impurity concen-
tration, both the absolute value of the TCR of the polycrys-
talline silicon 11 and the absolute value of the TCR of the
polycrystalline silicon 21 are minimized. As a result, even if
the polycrystalline silicon 11 and the polycrystalline silicon
21 are electrically connected in the above way in parallel in
the semiconductor device 1d, the TCR of a connected body
formed of the polycrystalline silicon 11 and the polycrys-
talline silicon 21 is low. Therefore, a change in the resistance
value of the connected body caused by the operation of the
semiconductor device 1d and deterioration in the perfor-
mance of the semiconductor device 1d caused by the change
in the resistance value of the connected body are suppressed.
[0164] Alternatively, by adopting the technique described
in the above second or third embodiment and setting impu-
rity concentration, the TCR of the polycrystalline silicon 11
is made negative and the TCR of the polycrystalline silicon
21 is made positive. Adoption of the technique described in
the above second or third embodiment makes the absolute
value of the TCR of the polycrystalline silicon 11 and the
absolute value of the TCR of the polycrystalline silicon 21
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relatively small. Therefore, even if the polycrystalline sili-
con 11 and the polycrystalline silicon 21 are electrically
connected in the above way in parallel in the semiconductor
device 1d, the TCR of a connected body formed of the
polycrystalline silicon 11 and the polycrystalline silicon 21
is relatively low. As a result, a change in the resistance value
of the connected body caused by the operation of the
semiconductor device 14 and deterioration in the perfor-
mance of the semiconductor device 1d caused by the change
in the resistance value of the connected body are suppressed.
[0165] In the examples of FIGS. 23A, 238, 24A, 24B,
25A, 25B, 26A, and 26B, the contacts 71 and the wirings
72a through 72e are used for electrically connecting the
polycrystalline silicon 11 and the polycrystalline silicon 21,
the polycrystalline silicon 11 and another conductor portion,
and the polycrystalline silicon 21 and another conductor
portion. However, the polycrystalline silicon 11 and the
polycrystalline silicon 21, the polycrystalline silicon 11 and
another conductor portion, and the polycrystalline silicon 21
and another conductor portion may electrically be connected
by another means such as wire connection.

[0166] Furthermore, in the above examples the polycrys-
talline silicon 11 and the polycrystalline silicon 21 are
formed over the common substrate 40. The polycrystalline
silicon 11 has the width W1 and contains impurities at a
determined concentration. The polycrystalline silicon 21 has
the width W2 and contains impurities at a determined
concentration. The polycrystalline silicon 11 and the poly-
crystalline silicon 21 are electrically connected to each other.
However, the polycrystalline silicon 11 and the polycrystal-
line silicon 21 may be formed over different substrates
(substrates in different semiconductor devices, for example).
The polycrystalline silicon 11 has the width W1 and contains
the impurities at the determined concentration. The poly-
crystalline silicon 21 has the width W2 and contains the
impurities at the determined concentration. The polycrys-
talline silicon 11 and the polycrystalline silicon 21 are
electrically connected to each other.

[0167] The first through fifth embodiments have been
described.
[0168] As indicated in FIGS. 2 through 4 and 6, with a

group of polycrystalline silicons containing impurities of the
same kind, the TCRs depend on the width W. A change in
impurity concentration leads to a change in the dependence
of the TCRs on the width W. In view of this, impurity
concentration in each of a group of polycrystalline silicons
which differ in width W and which contain impurities of the
same kind is set, on the basis of the relationship indicated in
FIG. 9, to a concentration at a sign change point of a TCR,
that is to say, to a concentration at the time of the absolute
value of the TCR being minimized. Alternatively, on the
basis of the relationships indicated in FIGS. 10 and 13,
impurity concentration in each of a group of polycrystalline
silicons which differ in width W and which contain impu-
rities of the same kind is set in the following way. Impurity
concentration in a polycrystalline silicon having a smaller
width W is set to a concentration at which the TCR is
negative, and impurity concentration in a polycrystalline
silicon having a larger width W is set to a concentration at
which the TCR is positive. In this case, the impurity con-
centration in the polycrystalline silicon having a larger width
W is equal or approximately equal to or lower than the
impurity concentration in the polycrystalline silicon having
a smaller width W.
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[0169] As a result, if a group of polycrystalline silicons
which differ in width W are formed as a resistance element
in a semiconductor device, a significant change in the
resistance value of the resistance element caused by a rise
and drop in the temperature caused by the operation of the
semiconductor device is suppressed and therefore deterio-
ration in the performance of the semiconductor device is
suppressed. Accordingly, a semiconductor device which
stably demonstrates its performance is realized. In addition,
an electronic device or an electronic apparatus in which such
a semiconductor device is used and which stably demon-
strates its performance is realized.

[0170] From FIGS. 2 through 4, 6, 9, 10, and 13, the
concentration of impurities of the same kind contained in
polycrystalline silicons which differ in width W is set in the
range of 1x10%° to 1x10** cm™>. If the TCR of a polycrys-
talline silicon having a larger width W (polycrystalline
silicon (W10) having a width W of 10 pm, for example) is
made positive, a concentration higher than 4x10%° cm™ is
needed. In such a case, the concentrations of impurities of
the same kind contained in polycrystalline silicons having
different widths W are set in the range of 4x10%° to 1x10**
cm™3.

[0171] According to the disclosed techniques, deteriora-
tion in the performance of a semiconductor device caused by
the dependence of a resistance element on temperature is
suppressed and a semiconductor device which stably dem-
onstrates its performance is realized.

[0172] All examples and conditional language provided
herein are intended for the pedagogical purposes of aiding
the reader in understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiments of the present invention have been
described in detail, it should be understood that various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.

What is claimed is:

1. A semiconductor device comprising:

a first polycrystalline silicon containing first impurities at
a first concentration and having a first width; and

a second polycrystalline silicon containing the first impu-
rities at a second concentration lower than the first
concentration and having a second width larger than the
first width,

wherein:

a sign of a temperature coefficient of the first polycrys-

talline silicon changes at the first concentration; and

a sign of a temperature coefficient of the second poly-

crystalline silicon changes at the second concentration.

2. The semiconductor device according to claim 1,
wherein the first concentration and the second concentration
are higher than or equal to 1x10*° cm™ and lower than or
equal to 1x10%* cm™.

3. The semiconductor device according to claim 1,
wherein the first polycrystalline silicon and the second
polycrystalline silicon are electrically connected.

4. The semiconductor device according to claim 1,
wherein the first impurities are p-type impurities.
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5. A semiconductor device comprising:

a first polycrystalline silicon having a negative tempera-

ture coefficient and having a first width; and

a second polycrystalline silicon having a positive tem-

perature coefficient and having a second width larger
than the first width.

6. The semiconductor device according to claim 5,
wherein:

the first polycrystalline silicon contains first impurities at

a first concentration; and

the second polycrystalline silicon contains the first impu-

rities at the first concentration.
7. The semiconductor device according to claim 5,
wherein:
the first polycrystalline silicon contains first impurities at
a first concentration; and

the second polycrystalline silicon contains the first impu-
rities at a second concentration lower than the first
concentration.

8. The semiconductor device according to claim 7,
wherein the first concentration and the second concentration
are higher than or equal to 1x10*° cm™ and lower than or
equal to 1x10?! cm™>.

9. The semiconductor device according to claim 5,
wherein the first polycrystalline silicon and the second
polycrystalline silicon are electrically connected.

10. The semiconductor device according to claim 5,
wherein the first impurities are p-type impurities.

11. A semiconductor device fabrication method compris-
ing:
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acquiring a relationship between a concentration of first
impurities and a temperature coefficient for a first
polycrystalline silicon having a first width and a second
polycrystalline silicon having a second width larger
than the first width;

setting, on the basis of the relationship, a first concentra-
tion of the first impurities in the first polycrystalline
silicon and a second concentration of the first impuri-
ties in the second polycrystalline silicon; and

forming the first polycrystalline silicon containing the first
impurities at the first concentration and the second
polycrystalline silicon containing the first impurities at
the second concentration.

12. The semiconductor device fabrication method accord-

ing to claim 11, wherein:

the second concentration is lower than the first concen-
tration;

a sign of the temperature coefficient of the first polycrys-
talline silicon changes at the first concentration; and

a sign of the temperature coefflicient of the second poly-
crystalline silicon changes at the second concentration.

13. The semiconductor device fabrication method accord-

ing to claim 11, wherein:

the first polycrystalline silicon containing the first impu-
rities at the first concentration has a negative tempera-
ture coefficient; and

the second polycrystalline silicon containing the first
impurities at the second concentration has a positive
temperature coefficient.
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