24 MARCH 2006 SEM CONDUCTOR DEVI CE HAVI NG POLYCRYSTALLI NE SILI?%@*ﬁ*%##ZOOG
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 W102 of the \PO| crystalline silicon filmresistor and a
gﬁcé)resent inventlo relates to a semiconductor evice used

desired resi stk

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



val ue. However, in recent years, high accuracy is required fon4tM&RCH 2006
sem conduct or device. The polycrystalline silicon filmresistor
manuf act ured by using a conventional nmanufacturing nmethod involves 1 24
MARCH 2006 a variation in resistance value, which prevents inprovenent in
performance of the sem conductor device nounting the polycrystalline
silicon filmresistor therein, in particular, the sem conductor device for
whi ch absol ute val ue accuracy of the resistor is required as in an A/ID
converter or the like. SUMMARY COF THE | NVENTI ON The present invention has

been made 4y M €W P Nee 8DOVEr -LePLL QBEAWRE GR! pRL3RE RN i&?ir%ﬁtem% tt g

present 1nvention is to provide a sem conductor device capabl e of solving
t he above- nti oned pr.obl which.includes a polycrystalline silicon film
resi st orpehrﬁqba%?er edgged gg%l at?%lﬂl??nn?légfgf anc‘ge vlaq%e \ﬂoﬂ{pﬁﬁ% a acy,
and to provide a manufacturing nethod therefor. In order to achieve the
above ofjdctcriste ldiaseht LiAoBNE bR Ia&MISHRT ANAESAS, adD R BEkRheltd® The
present invention enploys a neans for using an

semiconductor device 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



i npl antation anount of an inpurity inplanted into the polycryw3tMARCHE 2006
~silicon filmresistor around the inpurity inplantation amount in which a

sheet resistance val ue becones m ni num when nmanufacturing the
polycrystalline silicon film resistor. As a result of trial manufacturing
of the present invention, as shown in Fig. 1, it is confirned that the
sheet resistance value of the polycrystalline silicon filmresistor takes a
m ni nrum val ue 2 24 MARCH 2006 with respect to a certain inpurity

i npl antation anount. The fact that there exists a m ninmmval ue of the
sheet r esitst arspecdl te a widdt aigspopurtidyt hepilaptattipni apbantat i Thre diamint
nmeans that even if the inpurity inplantation anmount varies in the vicinity

of the uHA¥ FWArAlYE s@fs bhaiighaein MaIust dFCehet RAKA irdld i@t diteShaatie
resi stance value is kept small. In the case where the inpurity inplantation

value Pt RESRTCYooFAFl PERE Ty Ut Ll B SRR gl
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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:
R = 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



R indicates the resistance value of the polycrystalline silicop, h% #F312006
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 amount is determ ned, the sheet
resi stance value of the polycrystalline silicon filmresistor 1is

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 the desired_resistance value of the polycrystalline silicon film
resi st oPO WFMSFﬁéléBSVélr%érﬁqrbn%Hl@t FESLEer Y pBey GRS S3i RiScon

filmresi S riat b ai_ned R |_PTI. OF
THE DRAnP et b a(g%orlrﬁéﬁyl%gé d&aa\l/\rnl%negssalﬁz?% o reng E’ Hgggg\i‘\‘nﬂj%\lh
dependeggeigbnarsheetesigsbst ance val ue on an inpurlty |nplantat|on anount
in a polycrystalline silicon filmresistor;

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



Figs. 2A to 2E are schematic sectional views taken along the %4 ﬁ'zo%
Fig. 3, which show the steps of manufacturing the polycrystalline srlicon
filmresistor according to one enbodi nent of the present invention; and
Fig. 3 is a plan view showi ng the polycrystalline silicon filmresistor.
DFTATLED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Hereinafter, a description
w Il be nmade of an enbodi nent of the present invention. Enbodinent 1 wll
be described with reference to Fig. 1. Fig. 1 is a graph showi ng the
results of trial nmanufacturing by the inventors of the present invention.
The grephistanset raldepemdenceimpushegt iAp24nWARCHN2 G urasiwiemcenval ue on
I mpurity inplantation anmount when in a polycrystalline silicon filmwith a

t hi Ckn‘?@l?&r}@@&’lf\in@%@ﬂicéhf leyaki da trs 4 N ARk d s eughobOR, | BBEaRAt ati on
at 50 KeV.” When a dose anount of the boron difluoride is 3.0 x 1015 cn¥,

n- e nerherbSEEe S Ratlat i bty doF 2HTR B ERaBorp B Ralpur o™

i npl-antatjon at 50 KeV to formthg_ggl ycrystal line si on_film
a dose amount of the boron difludride is 3.0 x cm‘, the sheet

o€
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



resistor, the inpurity inplantation anount of the boron difl uobk @ARCH 2606
to 3.0 x 1015 cnZ. At this tinme, if the polycrystalline silicon film
resistor of 1 Kf2 is formed, since 1K = 0.4 Kx L/'W L/Wis selected such
that a ratio of L to VVsatisfies 5:2. For exanple, L/Wis set to 20/8 or
40/ 16. The polycrystalline silicon filmresistor is formed as in this
enbodi nent, so that the polycrystalline silicon film resistor wth a smal
variation in resistance value can be nmanufactured. Wen the sem conductor
device is manufactured on a silicon substrate, a plurality of identical
sem conductor devices are fornmed on the sane silicon substrate in many

cases. t& iheu€cases yhergesghe inpurity inplantation anount of the boron
difluoride is set to 3.0 x 1015 cn¥, even if the inpurity inplantation

anount of . Hetrkeénbdtenr,didf |dmyddiepsupposed] ybeagiesn mfa a angeufaou2ing X

1015 cm' to 4.0 x 1015 cn¥, it is possible to suppress the variation in
sheet rBRFRPAntkeRafle BPlYﬁéY56P9é99§téPﬂﬂﬁ@nsﬂ%%ﬂn?qﬁH%EQ%sqgt%ﬁg51%4
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a manufacturin yCrys he STITEOR f I mresistor of
1KQ is The manufacturlng method for the polycrystallinesiliconfilm

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.



manuf actured through ion inplantation of the boron difluoride4Wi&RRCH 2006
manufacturing method 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 s

i con

substrate 1 is oxidized to a depth of 8000 Ato forma silicon oxide film2

and then a polycrystalline silicon film3 is deposited thereon

by about 0.1

m Subsequently, in the polycrystalline silicon film3, the boron
difluoride is inplanted at energy of 50 KeV in an inplantation anount of

3.0 x 1015 cn® {cf'roé-iﬂhsﬂo‘?fb 'amglt%@eatlhoﬂhléﬁ sPewdnbn; Kl Ge r 8rm

polycrystalllne Silicon fil dep05|ted on the sibstrate sur%ace C anges

into a J} aihlne Sl lconf ntatlon of _t

di fluori
photol i tho raphy a.ghotore5|st IS patterned into a resistor
pol ycrysdbf1noeide) i tond i then diherresihd drft Agebfofhe bor on

5. Fig. 2Cis a sectional :view show ng a state at this stage.
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on the
di fl uori de)
At this tine,

patterning is Therdafteag sucn-dopteda |sdigtdate ofglasmol Vor ydteatd imeftsdist,i con

filmresistor 6 is 40 pmand a wwdth Wthereof is 16 pm 6

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 f_orming a pad
portion for leading out the electrode through etchi;lg 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 fil_m 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



24 MARCH 2006 Fig. 2D shows a state in which etching is perforgp ﬂ?ﬁﬁ gf%p
polycrystalline silicon film (after inplantation of the boron d uor i (5 5
and then the resist is peeled off. Thereafter, non-doped silicate glass 8
(hereinafter, referred to as an NSGfilm with a thickness of 0.3 m and

bor onphosphosilicate glass 7 (hereinafter, referred to as a BPSG film wth
a thickness of 0.5 pmare deposited, followed by annealing at 900 C and
form ng a contact portion 11 for |eading out an el ectrode through etching.
As metal used for a wiring, Ti, TiN, and A -Si-Cu are deposited with a

thi cknespe opr&vi®edn 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 form ng a pad
portion for |eading out the el ectrode through etching to thereby conplete
the polycrystalline silicon filmresistor. ,Fig. 2Eis a sectional view
taken along the line A-A" of Fig. 3 at the time of conpletion. According to
t he present invention, when the polycrystalline silicon filmresistor is
manufactured, it is possible to suppress to a mninumvalue the variation
in sheet resistance value thereof caused by a variation in inmpurity

i npl antation anmount. The



variation in sheet resistance value of the polycrystalline si I%%%éﬂmé

resistor is suppressed to a mnimum val ue, whereby the senfco

nounting the resistor with high accuracy can 7 24 MARCH 2006 be provided. e
- 24 MARCH 2006- WHAT IS CLAIMED IS: 1. A sem conductor device conprising: a
polycrystalline silicon filmresistor fornmed by inplanting an inpurity into
a polycrystalline silicon film deposited on a sem conductor substrate,

wherein the polycrystalline silicon filmresistor has a concentration of
the i npifErt & iGHFUMEY JS¢ an anount set in proximity to an inpurity

i mpl ant atifn a&gunt in vgﬂ ch a sheet resistance val ue becones nigum 2. A
T act ur] ng etHOH FHIT K CORIIEE or CWRY bo HAui iy RO DR 5T bt bt Pt ne
silicons{fiiilaad epi phoroLokwee b6 il aphi N ARNtiFRUTAA Y ikBLRiRy into a
pol ycrystalline silicon filmdeposited on sem conduct or subStrate,
conpr i Jolgyaryeiteyl laiine nps i ¢dy t Belinnpdepbyitedt hen 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



polycrystalline silicon filmresistor in an amount set in prox HARCH2088 -
inpurity inplantation anmount in which a sheet resistance value. becones

m nimum 3. A sem conductor device according to claim1; wherein the
polycrystalline silicon filmresistor has a 9 24 MARCH 2006 I|ength and a
width of the resistor so as to obtain a desired resistance value. 4. A

manuf acturing nmethod for a sem conductor device according to claim2;
further conprising a step of formng the polycrystalline silicon film
resistor with a length and a width of the resistor so as to obtain a
desired resistance value. 10

length and a width of the resistor so as to obtain a desired

resistance value.

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.
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