24 MARCH 2006 SEM CONDUCTOR DEVI CE HAVI NG POLYCRYSTALLI NE SILI%%@*g*» 2006
RESI STOR AND MANUFACTURI NG METHOD THEREFOR BACKGROUND OF THE | 1.
Field of the Invention The present invention relates to a sem conduct or
device used for electronic equipnment and particularly to a sem conductor
device having a resistor and a manufacturing nethod therefor. 2. Description
of the Related Art Conventionally, a resistor nade of a polycrystalline
silicon filmis manufactured by depositing the polycrystalline silicon
filmon a sil iSEMICONPUOTORe DRVISIE HAVING: BOLYCRYBTALLINE tSWLICONKEFIIMf or m

an insulating film inplanting.in the polycrystalline silicon an inpurity
Such as boron di fl uoRFRESHOR AR MANURICTURTNG pETRAR (RHRRETRR

pol ycrystalline silicon into the resistor using a photoresist or the like
as a mask. Fig. 3 is a plan view showng a polycrystalline silicon film

resistor. An anount of the BApKGcROYNDNPFangedINwERTA0ORO!l ycrystalline
silicon filmresistor 103 is determned by determning a length L 101 and a

width W 102 t Heredal cefhdhehdmysertfioomi ng cal cul ation using the length L 101

and the width VV102 of the
he present invention relates to a semiconductor device used

for electronic equipment and particularly to a semiconductor
device having a resistor and a manufacturing method therefor.
2. Description of the Related Art

Conventionally, a resistor made of a polycrystalline silicon
film is manufactured by depositing the polycrystalline silicon
film on a silicon substrate whose surface 1is oxidized or the
like to form an insulating film, implanting in the
polycrystalline silicon an impurity such as boron difluoride or
phosphorous, and then etching the polycrystalline silicon into
the resistor using a photoresist or the like as a mask. Fig. 3
is a plan view showing a polycrystalline silicon film resistor.
An amount of the impurity implanted into a polycrystalline
silicon film resistor 103 is determined by determining a length
L 101 and a width W 102 thereof and then performing calculation
using the length L 101 and the width W 102 of the
polycrystalline silicon film resistor and a desired resistance
value.

However, in recent years, high accuracy is required for the
semiconductor device. The polycrystalline silicon film resistor
manufactured by using a conventional manufacturing method

involves



pol ycrystalline silicon filmresistor and a desired resistanca4 MARCH 2006
However, in recent years, high accuracy is required for the sem conductor
device. The polycrystalline silicon filmresistor manufactured by using a
conventional manufacturing nmethod involves 1 24 MARCH 2006 a variation in
resi stance val ue, which prevents inprovenent in performance of the

sem conduct or device nounting the polycrystalline silicon filmresistor
therein, in particular, the sem conductor device for which absol ute val ue
accuracy of the resistor is required as in an A/D converter or the like.

SUMVARY OR, JHE tiNYENTH %J{l@t&a@éeeamavemeﬂ Basvhges m%owm\éh%wm the

above- nentloned problem and an object of the present invention Is

provi de m _conduct or. deyj ce ca abl e ol ving the abaqve- nentlo d

Dt bl emBSAIEHTANE udBe a BPycr SSRLropaecErt! bt en  QHUA TR hay F a
reduced variation _in resistance value with hlgh accuracy, and to provide a
nmanuf actnmwgrw&étaﬁddntehé#éf-ﬁpn fhlmrsisterashreed ny hil Rantel @bl akt thehe

present invention
semiconductor dev1ce for which absolute value accuracy of the

resistor is required as in an A/D converter or the like.

SUMMARY OF THE INVENTTON

The present invention has been made in view of the above-
mentioned problem and an object of the present invention is to
provide a semiconductor device capable of solving the above-
mentioned problem, which includes a polycrystalline silicon film
resistor-having a reduced variation in resistance vaiue with high
accuracy, and to provide a manufacturing method therefor.

In order to achieve the above object, the pres;nt invention
employs a ﬁeans as described bélow.

The present invention employs a means for using an
implantation amount of an impurity implanted ‘into the
polycrystalline silicon film resistor around the impurity
implantatioh amount in which a sheet resistance value becomes
minimum when manufacturing the polycrystalline silicon film
resistor.

As a result of trial manufacturing of the present invention,

as shown in Fig. 1, it is confirmed that the sheet resistance value

of the polycrystalline silicon film resistor takes a minimum value



enpl oys a neans as descri bed bel ow. The present invention enphgaWMARCE2066
for using an inplantation anount of an inpurity inplanted into the

pol ycrystalline silicon filmresistor around the inpurity inplantation
amount in which a sheet resistance val ue becones m ni rum when manufacturing
the polycrystalline silicon film resistor. As a result of trial

manuf acturing of the present invention, as shown in Fig. 1, it is confirned
that the sheet resistance value of the polycrystalline silicon film
resistor takes a mninmumvalue 2 24 MARCH 2006 with respect to a certain

i mpur i t wiitiplrespatitobo sarmentaifthémpagctityt haplahéréieri shsuntm Meimacd ue of
the sheet resistance value wth respect to the inpurity inplantation anpunt
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of the mnimmvalue of the sheet resistance, the variation in sheet
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anpunt I's prev ousl Yy determ tain SI red resistance

val ue for olycrystalline silicon filmresistor, a relatjon be
t% i pu¥1t¥ implantation amount var?es En ﬁhe v1cfhit qu

minimum value of the sheet resistance, the variation in sheet
resistance value is kept small.

In the case where the impurity implantation amount is
previously determined, in order to obtain a desired resistance value
for the polycrystalline silicon film resistor, a relation may be

utilized, which is expressed by the following equation:
= ps x-L/W

where

R indicates the resistance value of the polycrystalline silicon

film resistor,

ps indicates the sheet resistance value of the polycrystalline

silicon film resistor,

L indicates a length of the polycrystalline silicon film resistor,

and

W indicates a width of the polycrystalline silicon film resistor.
When the impurity implantation amount is determined, the

sheet resistance value of thé polycrystalline silicon film resistor

is determined. Thus, L/W, that is, the length and the width of the



utilized, which is expressed by the follow ng equation: R = ps,x 4k#¥ﬁ¥ﬂﬁﬂ@
R indicates the resistance value of the polycrystalline silicon N?i m
resistor, ps indicates the sheet resistance value of the polycrystalline
silicon filmresistor, L indicates a |length of the polycrystalline silicon
filmresistor, and Windicates a wwdth of the polycrystalline silicon film
resistor. Wen the inpurity inplantation anmount is determ ned, the sheet
resi stance val ue of the polycrystalline silicon filmresistor is

determ ned. Thus, L/W that is, the length and the width of the 3 24 MARCH

2006 polycrystalline silicon filmresistor may be determned so as to
obt ai n PR&YHE¥FERYLIRS| stdicOnaf ttMofreehetRsl VY sPal I9etE ringE o f BSm

651510k, WALt APONECRALY oned ol el iy L6 00l HET gl s Heoon

filmresrstor W 1"on" can beé obtai ned-:
THE DRAWENGSon film resistor.

With the above-mentioned structure, the polycrystalline

silicon film resistor with a small variation can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 1is a graph showing the dependence of a sheet
resistance value on an impurity implantation amount in a
polycrystalline silicon film resistor;

Figs. 2A to 2E are schematic sectional views taken along
the line A-A' of Fig. 3, which show the steps of manufacturing
the polycrystalline silicon film resistor according to one
embodiment of the present invention; and

Fig. 3 is a plan view showing the polycrystalline silicon

film resistor.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, a description will be made o0f an embodiment
of the present invention.
Embodiment 1 will be described with reference to Fig. 1.
Fig. 1 is a graph showing the results of trial
manufacturing by the inventors ot the present invention. The

agraph shows the dependence of sheet



In the acconpanying drawings: Fig. 1 is a graph show ng the dependaRéf Roed
sheet resistance value on an inpurity inplantation anbunt in a

pol ycrystalline silicon filmresistor; Figs. 2A to 2E are schenmatic
sectional views taken along .the line A-A of Fig. 3, which show the steps
of manufacturing the polycrystalline silicon filmresistor according to one
enbodi nent of the present invention; and Fig. 3'is a plan view show ng the
polycrystalline silicon filmresistor. DFTATLED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Hereinafter, a description will be nade of an

enbodi neesisvénteevpilaeenn i nveimponitzniagileanttion ldmdimtdesosn bed @it h
reference to Fig. 1. Fig. 1is a graph showing the results of tria

manuf acgyr <E'By§’t’ait'§nén¥§me&ﬁ @Elﬁnh%urtrhesaer&hla&?égé ops 1b6o Af apBrshows
t he dependence of sheet RCH 2006 resistance val ue on i npurity
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a dose amount of the boron difluoride is 3.0 x 10 cm™?, the sheet
resistance value takes 0.4 KQ/square as a minimum value. Thus, in
the case where the boron difluoride is implanted through impurity
implantation at 50 KeV to form the polycrystalline silicon film
resistor, the impurity implantation amount of the boron difluoride
is set to 3.0 x 10" cm™.

At this time, if the polycrystalline silicon film resistor
0of 1 KQ is formed, since 1K = 0.4 K X L/W, L/W is selected such
that a ratio of L to W satisfies 5:2. For example, L/W is set to
20/8 or 40/16. The polycrystalline silicon film resistor is formed
as in this embodiment, so that the polycrystalline silicon film
resistor with a small variation in resistance value can be
manufactured.

When the semiconductor device is manufactured on a silicon
substrate, a plurality of identical semiconductor devices are
formed on the same silicon substrate in many cases. In the case
where the impurity implantation amount of the boron difluoride is
set to 3.0 x 10* cm™?, even if the impurity implantation amount of.
the boron difluoride supposedly varies in a range from 2.0 x 10%

cm? to 4.0 x 10 cm’?, it is possible to suppress the variation in

sheet resistance value of the polycrystalline silicon film resistor



difluoride is inplanted through ion inplantation at 50 KeV. WepMARESEL006
anount of the boron difluoride is 3.0 x 1015 cn¥, the sheet resistance \
val ue takes 0.4 Kf2/square as a mnimum value. Thus, in the case where the
boron difluoride is inplanted through inpurity inplantation at 50 KeV to
formthe polycrystalline silicon film resistor, the inpurity inplantation
anount of the boron difluoride is set to 3.0 x 1015 cn¥Z. At this tine, if
the polycrystalline silicon filmresistor of 1 Kf2 is formed, since 1K =
0.4 Kx LIW L/Wis selected such that a ratio of L to Wsatisfies 5:2. For
exanple, L/Wis set to 20/8 or 40/16. The polycrystalline silicon film

resi stofoi spd@f Negs &8 i8sghi s enbodi ment, so that the polycrystalline
silicon film resistor with a small variation in resistance value can be
manuf act ur éegre\therf tielre serm ezt bon devl tebes gimenf adt u\r ethoaf acsuticon
substrate, a plurality of identical sem ¢onductor deV|ces are forned on the
same siTeERRd sebRR r &b Pﬁlﬁﬁﬁyséé%éénelﬁlﬂHQOBaéé MWHESE SHRF i PputiPyis
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SUppress the variation in
resistor will Dbe described wusing Figs. 2A to 2E each
corresponding to a section taken along the line A-A' of Fig. 3.

As shown in Fig. 2A, a surface of a silicon substrate 1 is
oxidized to a depth of 8000 A to form a silicon oxide film 2
and then a polycrystalline silicon film 3 is deposited thereon
by about 0.1 pm.

Subsequently, in the polycrystalline silicon film 3, the
boron difluoride 1is implanted at energy of 50 KeV in an
implantation amount of 3.0 x 10*® cm™ through ion implantation.

As shown in Fig. 2B, the polycrystalline silicon film 3
deposited on the substrate surface changes into a
polycrystalline silicon film (after implantation of the boron
difluoride) 5 having a sheet resistance value of 0.4 KQ/square.

By using photolithography, a photoresist 4 is patterned into
a resistor on the ©polycrystalline silicon film (after
implantation of the boron difluoride) 5. Fig. 2C is a sectional
view showing a state at this stage. At this time, patterning is
performed such that a length L of a polycrystalline silicon

film resistor 6 is 40 pm and a width W thereof is 16 um.



sheet resistance value of the polycrystalline silicon filmresgy¥aRcH 2606
MARCH 2006 to about 10% or |ess. Hereinafter, a description will be given of
a manufacturing nethod when the polycrystal line silicon filmresistor of
1KQ is manufactured through ion inplantation of the boron difluoride. The
manuf acturi ng nmethod for the polycrystallinesiliconfilm resistor will be
described using Figs. 2A to 2E each <corresponding to a section taken al ong
the line AAA" of Fig. 3. As shown in Fig. 2A, a surface of a silicon
substrate 1 is oxidized to a depth of 8000 Ato forma silicon oxide film2

and then a polyfgy%@lgﬂaa% 3 Isikger il Qh§ch5e9899ﬁPt gd ﬁ@ff@?@edbafnaa?@t 0.1

m Subsequently,” I n the polycrystalline silicon fi or on
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poI ycrystalline silicon film3 dep05| ted on the substrate surf ace changes
into a Pbfleeyidel |$ mndithenythe 58Tk s ingR1AT AFon of the boron

di fluoride) 5 having a sheet resistance value of 0.4 KO square.
: Thereafter, non-doped silicate 'glass 8 (hereinafter,

referred to as an NSG film) with a thickness of 0.3 um and
boronphosphosilicate glass 7 (hereinafter, referred to as a BPSG
film) with a thickness of 0.5 um are deposited, followed by annealing
at 900 °C and forming a contact portion 11 for leading out an
electrode through etching. As metal used for a wiring, Ti, TiN,
and Al-Si-Cu are deposited with a thickness of 0.05 pm, 0.15 um,

and 0.9 um, respectively. Then, patterning is performed to form

the wiring.- A plasma nitride film 9 is deposited with a thickness
of 1 um as.a protective film, followed by a step of fbrming a pad
portion for leading out the electrode through etchi;g to thereby
complete fhe polycrystalline silicon film resistor.» Fig. 2E is a
sectional view taken along the line A-A' of Fig. 3 at the time of
completion.

According to the present invention, when the polycrystalline
silicon fiiﬁ resistor is manufactured, it is possible to suppress
to a minimum value the variation in sheet resistance value thereof
caused by a variation in impurity implantation amount. The
variation in sheet resistance value of the polycrystalline silicon
film resistor is suppressed to a minimum value, whereby the

semiconductor device mounting the resistor with high accuracy can



By using photolithography, a photoresist 4 is patterned into g4 {ESReEECI00EN
the polycrystalline silicon film(after inplantation of the boron
difluoride) 5. Fig. 2Cis a sectional view showing a state at this stage.
At this tinme, patterning is performed such that a length L of a
polycrystalline silicon filmresistor 6 is 40 pmand a wwdth Wthereof is
16 pm 6 24 MARCH 2006 Fig. 2D shows a state in which etching is perforned
on the polycrystalline silicon film(after inplantation of the boron
difluoride) 5 and then the resist is peeled off. Thereafter, non-doped
silicatepglgssvBdéderei nafter, referred to as an NSG film with a thickness
of 0.3 mand boronphosphosilicate glass 7 (hereinafter, referred to as a
BPSG filnm with a thickness of 0.5 pmare deposited, followed by annealing
at 900 C and formng a contact portion 11 for |eading out an electrode

t hrough etching. As netal used for a wiring, Ti, TiN, and Al-Si-Cu are
deposited with a thickness of 0.05 m 0.15 m and 0.9 m respectively.
Then, patterning is performed to form the wiring.- A plasma nitride film9
is deposited with a thickness of 1 mas a protective film followed by a
step of formng a pad



portion for |eading out the el ectrode through etching to there B
the polycrystalline silicon filmresistor. Fig. 2Eis a seﬁti%ﬁ%ﬁﬁ@¢§§ﬁ66'

taken along the line A-A of Fig. 3 at the tine of conpletion. According to
t he present invention, when the polycrystalline silicon filmresistor is
manuf actured, it is possible to suppress to a mninmmvalue the variation
in sheet resistance value thereof caused by a variation in inpurity

i npl antation anount. The variation in sheet resistance value of the

pol ycr Sl [ Th&ECISAIMEEDNSfi I mresistor is suppressed to a mini num val ue,
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formed by inplanting an inpurity into a polycrystalline silicon film
deposi tped yorr ves tsAlrii icondust b cosubsiiat edeposited on a semiconductor
substrate,
wherein the polycrystalline silicon film resistor has a
concentration of the implanted impurity in an amount set in

proximity to an impurity implantation amount in which a sheet

resistance value becomes minimum.

2. A manufacturing method for a semiconductor device having
a polycrystalline silicon film resistor formed by implanting an
impurity into a polycrystalline silicon film deposited on a
semiconductor substrate,

comprising a step of implanting the impurity in the
polycrystalline silicon film resistor in an amount set in
proximity to an impurity implantation amount in which a sheet

resistance value becomes minimum.

3. A semiconductor device according to claim 1;

wherein the polycrystalline silicon film resistor has a



wherein the polycrystalline silicon filmresistor has a concejfyRER R -
the inplanted inpurity in an anount set in proximty to an.inpurity

i npl antation anount in which a sheet resistance value beconmes mninum 2. A
manuf acturing nethod for a sem conductor device having a polycrystalline
silicon filmresistor forned by inplanting an inpurity into a
polycrystalline silicon filmdeposited on a sem conductor substrate,
conprising a step of inplanting the inpurity in the polycrystalline silicon
filmresistor in an anbunt set in proximty to an inpurity inplantation
amount in which a sheet resistance value becones mnimum 3. A

sem CONBHdt £ey¥i 6 AW dbngthe dayiBthr Woer aish ddiecpehya! BStad d 1 ey
silicon filmresistor has a 9 24 MARCH 2006 Ilength and a width of the

resi st aresitande vwitw.n a desired resistance value. 4. A manufacturing

met hod for a sem conductor device according to claim2; further conprising
a step of formng the polycrystalline

4. A manufacturing method for a semiconductor device
according to claim 2;

further comprising a step of forming the polycrystalline
silicon film resistor with a length and a width of the resistor

so as to obtain a desired resistance value.

10



silicon filmresistor wwth a length and a wwdth of the resistor so as to
obtain a desired resistance value. 10 ABSTRACT OF THE DI SCLOSYREARCH 2006
SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THEREFOR To provi de a

sem conduct or device in which reduction of a variation in resistance val ue
of a polycrystalline silicon filmresistor is pronoted. In a sem conductor
device and a nmanufacturing nethod therefor according to the present

i nvention, when the polycrystalline silicon filmresistor is fornmed, a
construction thereof is achieved by determ ning an inplantation anmount of
an inpurity inplanted into the polycrystalline silicon filmresistor through
a novel technique to constitute a sem conductor integrated circuit device

superior in performance. RESTRACT OF THE DISCLOSURE

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREFOR

To proﬁde a semiconductor device in which reduction of a variation in resistance value
of a polycrystalline silicon film resistor is promoted. In a semiconductor device and a
manufacturing method therefor according to the present invention, when the polycrystalline
silicon film resistor is formed, a construction thereof is achieved by determining an implantation
amount of an impurity implanted into the polycrystalline silicon film resistor through a novel

technique to constitute a semiconductor integrated circuit device superior in performance.

Fig. 1
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