‘;IJe3e,)<.jmﬂmmmm‘mmmmWieId of the Invention The present invention relates
+ to a sem co ce used for an electronic equipnent 'Mmﬁllmmmwmarly
to t he sem condwoed@r device having a resistor and a nanufa

therefor. 2. Description of the Related Art Conventionally, the,ggsistor
made of a polycrystalline silicon filmis manufactured by depositing the
polycrystalline silicon filmon a silicon substrate whose surface is
oxidized or the like to forman insulating film inplanting in the
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using a photoresist or the like as a nmask. Fig. 3 is a plan view show ng a
polycrystalline silicon filmresistor. An amount of the inpurity inplanted
into a polycrystalline silicon filmresistor I03 i s determ ned by
determning a length L 10REAHGRS ekl ReON and then perform ng
cal culation using the length L 101 and t he MAdth W 102 of the

pol ycrysdt.al Fieédsolfi ¢the Thivemtéshst or and a desired resistance val ue.
However, in recent years, high accuracy is required for the sem conduct or

device._The DQEMP?Yéééht'fﬁ#éﬁdlﬁﬁpﬂeﬁbtghﬁﬁ§bséémlé@ﬁ@ﬁé@ét”d%¥ﬂ%k yskRy a
conventional manufacturing nethod invol ves a variation in resistance

val ue, WQLPan5f¥89£8nigg&8Y%ﬁﬁﬁh:a%d.partlcularly to the semiconductor

device having a resistor and a manufacturing method therefor.
2. Description of the Related Art

Conventionally, the resistor made of a polycrystalline
silicon film is manufactured by depositing the polycrystalline
silicon film on a silicon substrate whose surface is oxidized or
the 1like 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



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/D
¢onverter or the like. The present invention has been nade in view of the
above nentioned probl em and an object of the present invention is to
provi de a sem conductor device capable of solving the above nentioned
probl em which includes a polycrystalline silicon filmresistor having a
reduced variat%gn in,resistance valug mﬁthhhi h accurg%y“ and to qpvide a
manuf act @r VAG L ROA BnEFEFSFANFR JPAEF t §PAEH &FE G Sandih VIS the
present invention enploys a_neans as described bel ow. The present invention
enpl oys BehEarBaree usthg d4he mpEsRi&OneHcafBunt ABV1GA | N E4Ng mpl ik ed
into the polycrystalline silicon filmresistor around the inpurity

i mpl ant apobypcapwuat 1ime whilcdhcen fhémt ressssonndenasne ibepanescul ar mirhavhen
manuf acturing the polycrystalline silicon filmresistor. As a result of

trial nmagehasbuandgoof dehiecpr esentwHittendbedlues 6A0W8 kechirgcylof tthe
confirnmed that the sheet resistance value of the polycrystalline silicon

filmresistosrdakes ﬁe#&ﬂé@'”&é’aﬂ'%@ A/ EhTESROC o Oife CRIERI N i npurity
i npl antation anount . The fact that there exists a m ninumval ue of the
sheet resistance val ue

SUMMARY OF THE INVENTION

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 value with high
accuracy, and to provide a manufacturing method therefor.

In order to achieve the above object, the present invention
employs a means as described below.

The present invention employs a means for using an
implantation amount of an impurity implanted into the
polycrystalline silicon film resistor around the impurity
implantation 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



‘W th respect to the inpurity inplantation anmount neans that even if the
inpurity inplantation anmount varies i'n the vicinity of the m ninmum val ue of
the sheet resistance, the variation in sheet resistance value is kept
Small. In the case where the inpurity inplantation amount is previously
determned, in order to obtain a desired resistance value for the
polycrystalline silicon filmresistor, a relation may be utilized, which is
expressed by the followi ng equation: R = ps x L/Wwhere R indicates the
resi stangetNatespadt threapobytsyst et §iinglom tfa d i egmosin@r., PRei Agd€at es
the sheet resistance value of the polycrystalline silicon filmresistor,
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indicates a width of the polycrystalline silicon filmresistor. Wen

e pol vtk PR AR bef TR R TR BBt B AP hnh R RhE e Ve Vs

is, the |ength and the width of the 3 olycrystalline silicon film
resi st orlf‘m & & PR Y ﬁE‘Hlé‘Btéglf’B PR h Tl RSt &der BirdnahyeohalhRe of

the polycrystalline silicon filmresistor.
minimum wvalue 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 the polycrystalline silicon film resistor

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



Wth the above-nentioned structure, the polycrystalline silicon film
resistor wiwth a small variation can be obtained. In the acconpanyi ng

drawi ngs: Fig. 1 shows a dependence of a sheet resistance val ue on an
impurity inplantation anount in a polycrystalline silicon filmresistor
Figs . 2Ato 2E are schematic sectional views taken along the Iine A-A of
Fig. 3, which show the polycrystalline silicon filmresistor in a
manuf act uri ng order (Enbodinment 1 of the present invention); and Fig. 3 is

a plan view,showing1the BohyceySEALhi ASs SELs LML IddNdA il Heq R Glsnabter .
a description wll be made of an enbodi nent of t'he present 1nvention.

Enbodi men W b SCY | i reference to Fig. 1. Fig. 1l shows a
resul t oPPERE) e iR FRETabhbhe LT AR AF R oruaiaiing BaFERD
Thi s shows_a dependence of a sheet 4 resi stance value on an inmpurity

i npl ant at-6M ARBESEORhen in a polycrystalline silicon filmwith a thickness
of 1000 A, boron difluoride is inplanted through ion inplantation at 50
KeV. Wien a do¥éthndde apovérandolpenelf stoncdares 3ite xpody6rysta]lihe
sheet resistance value takes 0.4 KSZ/ square as a m ninmum val ue. Thus, in

t he caseswhérent fielhoresidibkuwitdeai smaipl antedttbhodgh bepubtbyned.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 shows a 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 polycrystalline silicon film
resistor in a manufacturing order (Embodiment 1 of the present
invention); and

Fig. 3 is aplan view showing the polycrystalline silicon film

resistor.

DETAILED DESCRIPTION OF THE PREFERRED FMBODIMENT

Hereinafter, a description will be made of an embodiment of
the present invention.

Embodiment 1 will be described with reference to Fig. 1.

Fig. 1 shows a result of trial manufacturing by the inventor

of the present invention. This shows a dependence of a sheet



inmplantation at 50 KeV to formthe polycrystalline silicon filmresistor,

- the inpurity inplantation anount of the boron difluoride is set to 3. 0 x
1015 cm 2. At this time, if the polycrystalline silicon filmresistor of 1
KSZ is formed, since 1K = 0.4 Kx L/W 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 filmresistor is fornmed as in this enbodi nent, so
that the polycrystalline silicon filmresistor with a small variation in
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manuf actured on a silicon substr Ircal sem con
devices are forned, on the, sane silicon.substrate.in many. cases._. I n the case
wher e tHEOTYERYPESL LIF aRi BLFOR SAbHNPiER end BGIaTsa Aucidh B ROEOR o 3,
0 x 1015 cm 2, even if the inpurity inplantation anount of the boron

di f1 uor i def buppbdedis ypliagdad thrpagfeion ol anta iy afmoP KeV4 . Winex
1015 cm Z, it is possible to suppress the variation in sheet resistance

val ue ofatdwes®anmmisiodl thaebsibhcainf ilor idsiist Gr. 05x 100 ahidut tAf0sipget ess.
Hereinafter, a description will be given of a manufacturing nethod when the
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p0|ycrysﬁﬁ%lééE%“dﬂe%%ﬂEhEnEoron 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
of 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 will be described using Figs. 2A to 2E each corresponding to a

section taken along the line A-A of-Fig. 3. As showmn in Fig. 2A a surface
of a silicon substrate 1 is oxidized by 8000 Ato forma silicon oxide film
2 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¥Z through ion inplantation. As shown in Fig. 2B, the

pol ycrystal L§ si hi.c j 3 deposited on the substrate surface changes
into a p%$y5?§§FaFanggs;%%ggn film(after inplantation of the boron

difluoride) 5 havin sheet resistance va of 0.4 KS2/square. By using
phot of 1 £ hopr gt BTRREEBr &b el A ML Lot ar e | HFn Ciot T G Lo V0

pol ycrystalline silicon film (after inplantation of the boron difluoride)
5. Fig. ®€thedawkent thaapoivenystoid tige as sl been afi kmiresshslypr of MR sisine,
patterning is performed such that a length L of a polycrystalline silicon
filmresmshofabtusedOthnoaghd aomi tmplivitheienfof stié boron 6dif Rigri@d shows
a state in which etching is perforned on the polycrystalline silicon film

(after inplantahé aRneffldterioname ehdd gorite) pbl apdyEPeD1 L e sieSiceh F51m

peel ed of f. Thereafter, non-doped silicate g?ass 8 (hereinafter,
resistor will be described using 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 by 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 is 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 ym and a width W thereof is 16 pm.



referred to as an NSGfilm with a thickness of 0.3 ~, mand

- bor onphosphosilicate glass 7 (hereinafter, referred to as a BPSGfiln) wth
a thickness of 0. 5 umare 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 Al-Si-Cu are deposited with a

t hi ckness of 0.05 ~tm 0.15 ~,un, and 0.9 umrespectively. Then, patterning
is perforned to formthe wiring. A plasna nitride film9 is deposited with

a thickness of 25 gﬁoaPp%oggg d{q#hf%%%%%%fégy rﬁ%ﬁgﬁ f fo%ghng a

pad portion fo i'ng ou

corrpletetr]é}I ol cr stal li, eS|I|§ f|| reS|stor |sasect|onal
vi ew t aké&? cIgﬁ’ggl 1In1ene'S A OTHf 11:?1& Frt H@"ptllaﬁ’é?a(#oéorﬁﬁ etr@nboron
According to the present invention, mhen the polycrystalline silicon film
resi st or i lvpmiidedt or @ard ¢heﬁstbés§ﬁ§ﬂéttéSsnppgéésofﬁ-a m ni mum val ue the
variation in sheet resistance val ue thereof caused by a variation in

i mpurity inpl amrhatrieafitatpunhonttepedri atlonatn sbhéebsresi sthaeeivakuerpf
the polycrystalline silicon filmresistor is suppressed to a m ni num val ue,
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can 7 be provid
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 pum, 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 pm as a protective film, followed by a step of forming a pad
portion for leading out the electrode through etching to thereby
complete the 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 film 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 1is suppressed to a minimum value, whereby the

semiconductor device mounting the resistor with high accuracy can
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WHAT IS CLAIMED IS: 1. A seniconductor device conprising a polycrystalline
silicon filmresistor that is fornmed by ‘inplanting an inpurity into a

pol ycrystalline silicon fil mdeposited on a sem conductor substrate,
wherein the polycrystalline silicon filmresistor has a concentration of
the inmpurity inplanted in an anount set in proximty to an inpurity

i npl antation anmount in which a sheet resistance value becones mninmum 2. A
nanufacturig@_ﬂgg@q? for a sem conductor device that includes a

pol ycrystalline 51 17%dn 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 anount set in proximty to an inpurity inplantation
amount in which a sheet resistance val ue becones mnimum 3. A

sem conduct or device according to Claim1, conprising a polycrystalline
silicon filmresistor that is fornmed by inplanting an inpurity into a
polycrystalline silicon fil mdeposited on a sem conductor substrate,
wherein the polycrystalline silicon filmresistor has a 9 | ength and a

wi dth of the resistor so as to obtain a desired



_resistance value. 4. A manufacturing nethod for a sem conductor device
according to Caim2, which includes a polycrystalline silicon film
resistor formed by inplanting an inpurity into a polycrystalline silicon
filmdeposited on a sem conductor substrate, further conprising a step of
formng the polycrystalline silicon filmresistor with a length and a width
of the resistor so as to obtain a desired resistance value. |10
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2. A manufacturing method for a semiconductor device that
includes 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, comprising
a polycrystalline silicon filmresistor that is formedby implanting
an impurity into a polycrystalline silicon film deposited on a
semiconductor substrate,

wherein the polycrystalline silicon film resistor has a



G K- KL, #109%&' ()- 9, @109%& ()- L*#109%& () - (109%& () - Ly&Z109%& ()- $109%& ()-LF" 10
%&' () - Bi KA7L1010

=" 100& () - LO#109& ()- L7#109& ()-f510%& ()-LL3109%& ()- 91@109%& ()- P

1} A7L109- 1096& () - &SH109B& () - L@109%& () - 9sSH109B& () - LF

@1L09B& () - 9SH109BE () - 101g9%R28Xi K- 7T&U@L09BE () - &#1096& () - &L0YBE () - &s10%
& ()-9Y@10%& () - &@H#10%5& () - 109%6& () - X

$fi K- 7" 4109%68&' () - 2#10%68&' () 8&010988& () - & #109B& () - &S, 109%58& () - &L* - #10958&’ (

)-9 (1098 (1. &) ol K 430

SH100&: ( ené%%lééﬁ 85%72916%&5(50‘:&9%16%? fphgain a desired

7- #109B&' () - 4Ri K- K 10%& () - > 1008 ()- 0% ()-y100%& ()-s "109%& ()-

109 () - 530HREFICR) YRR 09 () - Ls* 100& () - V(100 () - @f 10% () - LAST#10%&
()- " SH10%& ()-10% ()-) @i UKO10% ()- 101010<s10% () - L9- #10%' () - F710%& (
) -5310%&' ()-L3' 10%& () - 6u=i K- K9sg#1096& () - 9YgH1096&' () - 9@HL0YBE' () - 9S#10%
58 () - 9g#1096& ()-9 #1098 () - 9g#109%& () - Y*i K- KILSSH100B& () -9

" S#1096& () -9 410%b&nbahn&S#tA¥ERG ( ImesHAYD &of) @%b&%&nﬁh&%w&@&&é A

“i K- K93- #1098’ () - &1@10%88&! () - 9. - #10%B&' ()- 9, - #1096& () -

09 9GRS N 0 0
Be () S GTORER (1. SV b ihee o) R me i e

vi K- K10% % % % 0 ) - 0%&

To% () -5 é%%«ei?ﬁ%%%bi Sl e St Y0 2 R a1 ane

10%&' () - LL10%&' ( #109&' () - L @10%& & Ui K- K S5A100& () - * &3#100& () - 1#1

0%&' () - biL/&Cf(l} %1#15 @P‘E?lg ‘il%‘@/«g?(ﬁé‘ﬁc%%%t% su TQ?K S5#109&' () -

@109 () 10%&' ()-101010=s10%&' ()- 9f 109& ()- 7#10%&' ()-|

P_IIS i KK 100@r gher saomgr 19ing:189@t ep- SYGFrOTET9) @@m/&yqsyam/m:(r}e 10%&
"()-$"h" - #n### K- Ks(#109&' () - sy&#10%& () - L$@10%& () -sF"-#10%& () -

#109&' ()sBIAADVEE {Im sHIDVBE G Y - Wik 1§ | PPyl Kand 78 MOD&LK )o f Sﬂ#ﬁO@&j(s)t-d:%#lo

O%& ()- 1#10%&' ()-s.#109%& ()-, 109& ()-s*10%& () - y9888B8080880084 si KF109& ()-9

109%0&' ()=sd0ad 1 holidk drrd 090 d8s {Yed 11O anddMBa (e #1009 () -

IR &R&&' X' i K-} &f #1096&' () - 9sg#10%b&' ()-Y

1096& ()-9, gl0%& ()-9g#10%& ()-Lg#l0%& () -

1096& ()-X z2'""*(R(((1 K-} & SH109%B& () - S&10%& () - &9%$10%%&' () - 93" S#109%B&' () -

9 S#10%& ()-10%& ()-9MLO%B& ()-() )[))))0*iK-}"9 10%& ()-&73

1096& () - &@@10%& () - &&3SH109%6&' () -0109%6& () -, 109%B& () - & S#H10%B& () -0*2*3

FAxGrpRxxR K9 109%b& () -L@#10%& ()-& 109%& ()-L

109 () - SH10%&' ()-105105105 = 10%& ()-*>+s+++, , i KiK' 9

1096&' ()-S3=109%' ()-910%& ()-L@10%& ()-109%& ()-L10%& ()-LI @10%& () -

Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

"Default Paragraph Font*""4').02468: <>@ &, ! "#$%&' 2D 1x) "v|

$" #yo®X (0**, () *+,-./0123456789: ; <=>?@\BCDEF6Ti mes New RonanAri al Couri er

New'h Root EntryWr dDocument I"#SYR () *+,-./0123456789: ; <=>?@\BCDEFCH

10



