. 2262188 A H GH PRECI SI ON SEM CONDUCTOR RESI STOR DEVI:CE The ,prgsent:
invention relates to a high precision resistance el enent st rutture tsed for

a sem conductor device. Fig. 1 is a structural diagram show ng a

conventional polycrystalline silicon resistance elenent, and in particul ar

a high resistance element which is folmed on a sem conduct or s&s@rat

Pol ycrystalline silicon 2 is formed on the sem conduct or substyat lz?gd\ %?
through an insulating (or oxide) film9 is connected to al um nium

el ectrodes. 4 and 6 through the c . An insulating film210 is
formed on the top surface of tﬁe?ﬂmi’mﬂia silicon 2 which overlays
only_the al um nium sign e ' Wl ' filmo.

Furtthgrnore, Fig. 2 is M J\?W hf&ﬁ% X k\%ﬁg&‘gﬁgonventmnal
resistance el enent which is formed on a seniconductor substrate usi ng a | ow
concentration diffused region or an ion inplanted diffused region.” A

di ffused resist | L8~ . : i%.gstgrgﬁ : Lgonduct or
substrate 13 isq@swe%%%@nhl@dgs&%%l %ﬁfﬁ%@ﬁ - and 16 through the
contacts 1%@&9& 'W!cgﬁ 1 fdevie( Or an oxide film is formed over
the diffuse re;?‘é?%?&# el njs‘L gbtri ngwfelg! m overlays only either the signal
lines of al um nigyn 1 ffa §thRensil didgRNPSIRWInY @ donvehtionalpalgtrystallidehe
conventional struCture shown in Fig. 2, a depletion layer occurs on the

surface of gjlibgn r@Rsstdrica et cafidinin phrdcular 4 highaesistancecelementewhichrism t he
signal |ines passing through the resistance el enent, and causes an increase
in the restsrhfdan ¥ sémiconductdr. subitene.t Pelydeystilliné siliven @6p fermednon theer
reaches a degree that is not able to be ignored with respect to the

dif fusi on semicbndictdrtsabsteate Stand throngh as insulating(or oxide) Sy is t he resi st ance
value. An ion inplanted resistance element with a depth_of |less 1[err] and
a sheet recomeateddoalunginium elecrodgs 4and 6 through the contacts 5 and 7. An

insulating film 10 is formed on the top surface of the polycrystalline silicon 2

which overlays only the aluminium signal lines or the oxide protective film 9.
Furthermore, Fig. 2 is a structural diagram showing a conventional

resistance element which is formed on a semiconductor substrate using a low
concentration diffused region or an ion implanted diffused region. A diffused
resistor 12 which is formed on a surface of the semiconductor substrate 13 is
connected to the aluminium lines 14 and 16 through the contacts 15 and 17. An
insulating film (or an oxide film) is formed over the diffused resistor. The
insulating film overlays only either the signal lines of aluminium, or the oxide
protective film. |

' However, in the conventional structure shown in Fig. 2, a depletion layer
occurs on the surface of the resistance element due to the electrical field from the
signal lines passing through the resistance element, and causes an increase in the
resistance value of it. When the depth of the depletion layer reaches a degree
that is not able to be ignored with respect to the diffusion depth of the resistance
element, it varies largely the resistance value. An ion implanted resistance

element with a depth of less 1um and a sheet resistance of 6 to 9 K{/m? suffers



* 2 fromthis phenonenon remarkably, and may vary itsS.resistance val ue over
several to several ten % Simlarly, when a high Val ue reésistance’ _°

pol ycrystalline silicon is applied to the structure shown in Fig. 1 which
is protected only by an oxide film its resistance value is often varied
due to inpurity ions invading into the polycrystalline silicon. A

sem conduct or elenent varies naturally in its energy level in response to

i nci dent froingthis. phiehemenen remarkably, andsmay oaryitsi resistancetvalye dveat t he
resistance value is varied in response to |ight such as visible rays,

i nf r ar ecsevesal to saveral tera .ol et rays being irradiated onto a seni conduct or
device. A senjconductor device structure according to the present invention
i s charact er i 3latly, then ahigh valusJsesistanca-pelyerysialline siliconqis gpplied | east _over
a diffused, resistor or g chrgisqhal | ine silicaon resistance el enent foMved

usi ng | Jf the Strwctureshown 1gkig. swhich ds protected gnly-hwan exide film, d8nduct or havi ng
i xed poPRancs Vaihe I ik viEleddye 10 TRBRNC t5e davading i thegnduct or connect ed
testst o YR RcoR, OCOET ol o or™ or ' high Yeststance valde Ll
Provi dod a schemicondBtor ERERAE s dielrdly B 55 Bftesl W BoohalS 71 2. 4

Lo d suno nANaHEh STheRTore) HERE hél bidl & Bikiatae tarthe besfifarbh RS 0T 2V 0%
resi st antuesis KaFBd imfsspbiseb ilight Suchi as8dsiBR RS, infrabedl ARS) dred. Wwherein the

i nprovenent lies in that said resistance el enent has tiwo termnals

connect adtravioles fays beingeirradiated éntoaséntiCorducrgedical e node for obtaining a
di vi ded vol tage of said power source. This structure can stop inpurity ions
or an el ect r chsgmicondudtordevi¢e stroctireaecordingado the pessentinventibnaisvari ation in
resi stance val ue. Hence, this structure

characterised in that a low resistance conductor is formed at least over a diffused

resistor or a polycrystalline silicon resistance element formed using low
concentration diffusion or ion implantation, the conductor having a resistance
lower than that of the resistance element, and is kept at a fixed potential with
respect to a power source. Thus a conductor connected to a fixed potential is
formed at least over a low concentration diffused resistor or an ion implanted
resistor, or a high resistance value polycrystalline silicon.

According to the present invention, there is provided a semiconductor
device comprising: '

a semiconductor substrate;

a resistance element either formed of polycrystalline silicon disposed over
said substrate or diffused therein.

a conductor which is disposed over said resistance element and to which a
fixed potential is applied, wherein the improvement lies in that said resistance
element has two terminals connected across a power source, and an intermediate
node for obtaining a divided voltage of said power source.

This structure can stop impurity ions or an electromagnetic field from

close signal lines causing a variation in resistance value. Hence, this structure



;3 can maintatn a‘low concentration diffused resistor and a,pal ycrystalline
silicon resistor to a stable resistance val ue,. and can preveént the’ -

resi stance value varying due to irradiated light. The present invention

wi |l now be described with reference to the acconpanying draw ngs, of
which: Fig. 1 is a structural diagram $howi ng a conventi onal
polycrystalline silicon resistance element; Fig. 2.is a structural diagram
showi ng a canmeintdinadowdionéentmtion diffused resistor ane aolycrystalline siligon; r yct ur al
di agram showi ng a conventional polycrystalline silicon resistance el enent;
g i1 semasaab ERSISEARCS B Bnd: CRTbPRRYRRS (B sishce Jalie VAR ance
elenment; Fig. 5(a).is a structural diagramshow ng a polycrystalline

si | i%eon r eduestogrradiatedlightcovered with a conduct 0rg-00nﬁec%/edyto a potenti al

vdd fid Fig. 5(R) is an.enbodi ment showin ir. ' where the
conduct o(r:I potenﬁ'%lpr‘?sgntdﬂvﬂﬁkoﬂdwﬂo‘?ové%ﬁdﬁ%ﬂ%fﬁo ﬁ}‘ "ﬁ’%hggl{ogﬁgn appl i cati on
circuit diagramshow.ng an i r.ediate tap for dividing an output voltage,
g_ccordi nghi1 Pménﬂpggéﬂymgﬁ\fglneﬁngﬁt Fig. 7 is an application circuit

I agram show ngw4a, r L es | H%!uﬁ t tiofhlVbdit tallingut put

vol tage; and Fi E%'@ai.ssa %‘E\m@qﬁw@aﬁe& nts Cl rgglgt&ﬁf’%‘r am %(ﬂgé\i?ﬁg aehi gh
frequency ﬂﬁl:@'}'résis%?m?hfeﬁwnf usi ng a shielding conductor covered resistance

raing to the

el enent actCo présent invention. Fig. 3 is a structural diagram

show ng a fundamg/)tzais ithldGlra¥ dlagYanPsHOWiNE \ohwrtionsl diffusepresisemcst ance
el ement. A polycrystalline silicon resistance

element;

o/ Fig. 3 is a structural diagram showing a conventional polycrystalline
silicon resistance element;

Fig. 4 is structural diagram showing a conventional diffused resistance .
element;

Fig. 5(a) is a structural diagram showing a polycrystalline silicon resistor
element covered with a conductor connected to a potential Vdd and Fig. 5(b) is
an embodiment showing a circuit diagram where the conductor potential is an
output of a transistor;

Fig. 6 is an application circuit diagram showing an intermediate tap for .
dividing an output voltage, according to the present invention;

Fig. 7 is an application circuit diagram showing a pair of resistance
elements for dividing an output voltage; and

Fig. 8 is an equivalent circuit diagram showing a high frequency delay
line circuit using a shielding conductor covered resistance element according to
the present invention. - -

Fig. 3 is a structural diagram showing a fundamental structure of a-
polycrystalline silicon resistance element.. A polycrystalline silicon resistance
element 2 has two ends, one being derived from the contact 5 and the other-
being derived from the contact 7. The electrodes 4 and 6 are made of

aluminium material. A low resistance conductor 1 is formed over the



el ement 2 has two ends, one being derived fromthes,contact 5 and.the other
bei ng derived fromthe contact 7. The el ectrodes 4 and 6-are«frade of

alum niummaterial. A low resistance conductor 1 is fornmed over the 4
pol ycrystalline silicon 2 by way of an oxide filmso as to cover at |east
hal f the plane area of the polycryst#iline silicon 2, and is supplied with
a fixed potential (for exanple, a |ow power source potential Vss 8, a high
power sopotysrystalline silicon/3dy way afian oxide filoi sot as toaover atledst halfehexi de film 9
provides an insulating film Fig. 4 is a basic conventional structural

di agr am PlRngiasea ef terpolycsystalline silisen 2cand iscsupplied wikh a fixed poteotiated at  bot h
t he endsr(g{i a diffused resistor 12, and_alumniumlines 14 and 16 are used

as el ect (tAI&EXAMplE, aJOW ROYES SOUESR Potanyal Yis 803 bigh pawercssoyrce-patential of th%:__'
area of di ffused resistor thr h a i de, apd is supplied with a™
pot enti al c@s?‘fﬁ.‘“‘Fﬂ“ ?E@E%%Bu%%‘?%%ﬁm%@m d8JesHdtng works as a
shieldin terial, and realises effectively a stable and hi gh precision
di ffused resistor because it can shield electrically external

| ect ti [ g . | ; . physical |

Cont am nat | on T £ 16F Besi piten G5 shfiicy Hferdin SBRAY Bt o o

foll = ' ' PTYAY ' <l into th
osi ot and e Coneq AU are Toffed A 00HH Bt ot e e i 1 0 1

transf er ngdagd ﬂﬁhﬁﬁiﬁ:ﬁb’ﬁﬁémciﬁ@f@ﬁeﬁﬂgﬁl a emwauongﬂ@gpgﬁﬂupd the

resi stance el ement i's renoved by the electrostatic Ing effect of the
| ow resi sbdiRorcldnebvetsodt ledsed half Jflike wi&wwmpmeg)ﬁo% vary its
current vs voltage characteristics (that is, resistance valu uring

oper at i ooxide, andisrsupplietwithra ptreritiab Vse18. Thithisatractute Headlimimam hi gh ~
precision resistance value. Next, external positive ions or negative ions
can be broadustorfllowoiks\asdishiplding material; amd realisesreffectioélyer stalsleahdt i on of the

manuf act uri ng process. .
high precision diffused resistor because it can shield electrically external

electromagnetic noises, light, and ions, and blocks physically contamination.

Such resistance element structures have advantages as follows. First it
can prevent noise entering from the signal line into the resistance element. That
means that any electrical and magnetic noise transferred from stray capacitance
and stray inductance around the resistance element is removed by the
electrostatic shielding effect of the low resistance conductor. Hence, the
resistance element does not vary its current vs voltage characteristics (that is,
resistance value) during operation of a semiconductor device, and maintains a
stable and high precision resistance value.

Next, external positive ions or negative ions can be blocked from
invading the resistance element after completion of the manufacturing process.
In other words, the ions which are positively charged more than the potential of
the low resistance conductor are repelled away from the resistance element,
while the negatively charged ions are attracted toward the low resistance
conductor. While a semiconductor is energised, the ion distribution is uniform
around the low resistance element, and the influence of an electric field due to

the external ions can be prevented.



:I'n ot her words, ‘the ions which are p05|t|vely chargepl nor e Ihan. the .
potential of the | ow resistance conductor are repell'ed anvay*fftmthe -

resi stance el ement, while the negatively charged ions are attracted toward
the | ow resi stance conductor. Wile a sem conductor is energised, the ion
di stribution is uniformaround the | ow¥esistance el enent, and t he

I nfl uence of an electric field due to the external ions can be prevented.

5 Hence, the redHencgnthe masaawuﬂuewmmmmetmmr@n bepreventedir event ed.
Al so, the | ow resistance conductor can shield the resistance elenment from

bei ng i |1 urlses g loy resistance-gonguctor san shield the gesistance clement from Ringesi st ance
enetey o ycﬁé%%%'éc# 3, S'Mf’” aiaied gt o S o Db ERSRRGE IBE e © 5 ¢ he
el ec on ene t han the C er.i stjcs t eof . The above
“mentioned g %&%1 4 foy, Bs STEY P ncebI
d
Cosi st ance fibHIaRé lifsrg%éiréfﬁagg@ﬁ%&%* Ya?ﬁ?abﬁiéésteiw%?teﬁe@r iy ?gni of
h
brevented %B%%?%geoﬁéﬁméﬁ et “fhel A HerORE] BRbIChECt BET P

bl f th
enabl es nOigafyed Byaiohidifig Bitl#lowaiidisiiRa0 el @cidredcg?gctl il om { he

resi stance el enent e prevente rom a e circunference.

I'n paftiCU'p%mﬁ%ﬂaﬁﬁﬂﬁmﬂﬁﬁﬂétéﬁsﬁﬂ&daﬁéxﬁI ance el ement through

whi ch el ectric charges change abruptly, generates a large thermal noise and
unnecessary radigs desoribédnatiiie] tHethataetdristiv RariREOnNsTthE Pesistaive eldmén and N
type polycrystalline silicon used as |ow resistance nmaterials, and is

siho¥ | ar| y eshfercinfluenderfromencexsernalf fidld ¢lin bewatentwmdnmgmslyrrpl anted or
slightly ion inplanted polycrystalline silicon (called "H gh Resistance")
or ot her s&imianiylthiscrountemneasuse additionalkysenables adisepelectriccfieldpamtl i s even

effective in the case of sem conductors nade of netal conpounds.
magnetic field generated from the resistance element itself to be prevented from -

affecting the circumference. In particular, in a high speed circuit, the resistance
element through which electric charges change abruptly, generates a large
thermal noise and unnecessary radiation. In addition to P type polycrystalline
silicon and N type polycrystalline silicon used as low resistance materials, and is
similarly effective in the case of high resistance non-ion implanted or slightly
ion implanted polycrystalline silicon (calléd "High Resistance") or other .
semiconductors which are not restricted to silicon and is even effective in the
case of semiconductors made of metal compounds.
A metal such as alumi_nium,__ tungsten, molybdenum may be generally
used as a low resistance material. In addition, a polycrystalline silicon, a:
gallium and arsenic series compound and a superconductivity material may be
used effectively. _ | |
The present invention is directed to a wide variety of applications using
the resistance element structure. Indeed the present invention described in this
application is a divisional of GB Patent Application No. 9015141.6. Sev. Nv2232§3¢
Fig. 5 (a) is a structural diagram showing a resistance element wherein a

potential Vdd 90 is supplied to the low resistance conductor shown in Fig. 1.



‘A netal such as:alumnium tungsten, nolybdenum may be generally used as a
| ow resi stance material. In addition, a polycrystalline si*lticon, a:gallium
and arsenic series conpound and a superconductivity material may be used
effectively. The present invention is directed to a wide variety of
appl i cations using the resistance el efrent structure. |ndeed the present

I nvention described in this application is a divisional of GB Patent

Appl i cat i dhe Retential1 ¥dd: 90 mayshe repldced iz 266 potential Bss(im)light of the r uct ur al
dlagranlshomnng resi stance el enent wherein a potential Vvdd 90 is supplied
to the | ofhiglduy %Eﬁée conductor shown in Fig. 1. 6 The potential Vdd 90

may be repl aced, e potential Vss in |ight of the shielding effect.
Fig. 5 (b) isg i@ﬁé’g)mﬁé %“’l"gm&%? producing 33 intermediatenedi atg

ggtnglrjlf:itglr b"F'F" n the Otentt‘gﬁf?{él a3 % Vié'p the | ow real st ance
the i gnal %%hgog@bﬁ'és@%gmﬁﬁag‘l Fish B e 0N s 5 ty%&%éﬂ a&ﬁt A
?épfﬁéfﬁé”?%@wm@* S B, oot Vely” L 8 SR BF i iks] 985, 'pﬂt order

|rrpedancee,{ dﬂ‘ggjmedl ate potential. In Fig. 9(b), the output 97 is
obt ai ned by using a fsferentlal pair circuit as a V2 voltage follower. The

depl etion effect mhlch i's one
resi stance el ene Wd[e co
shield in coopera 2on h

resi stance el enent.

lations to the shiel ded
ensated by varyjng the potential of the
N:errp’eratLﬁ?e ch&rarzristi ¥edf the shiel ded

Br ' B ~

Vdd - V, = Vg, - Voo
Hence, the output voltage is expressed below by taking Vdd as a reference
voltage:

Vout = V,.

In order to improve the shielding effect, it is necessary to lower the output
impedance for the intermediate potential. In Fig. 9(b), the output 97 is obtained
by using a differential pair circuit as a V2 voltage follower.

The depletion effect which is one cause in variations to the shielded
resistance element can be compensated by varying the potential of the shield in
cooperation with the temperature characteristics of the shielded resistance
element.

Fig. 6 is an application circuit diagram showing a first embodiment of the

resistor with an intermediate tap. This circuit outputs an intermediate voltage



‘Fig. 6 is an application circuit diagramshow ng a f§rst enpodi,nent .of. the
resistor with an internediate tap. This circuit outputs an*int€rnediate
vol t age 7 through an out put operational anplifier 107 by dividing the
resistor in two. This invention is appl7i ed to a resistance el ement divided
accurately in two. The polycrystalline’silicon resistor 101 has a contact
102 connected to the potentijal Vvdd 100, a contact 104 connected to the

pot ent :c al Yuoughan ouRyt QPT?BQR@@: Pm_?ib et/ g%?/’@)ﬂ dﬁfld’tnlﬁéh? RSSOk tglloet 'Eb\ﬁa i0(9)n
' . . . P ; n or
B e
_ . . ce, stor shj el de rom
Enbfgty; ﬁ@}%&%&?ﬁg@% e @liﬂwalcofgi 3@%&8%“?79 Aiadhen can be
appl ihcat | 6RIQI trl@u&?&lgclxggr am \%ﬁgﬁ%é@a%&av%trﬁéeg%{sﬂéasvgogjst’ﬁgh}agelggr pose
: . : - : an are

Sorially coaidkt, 103 (PR M e ddBoficr Sembel B3 oBRRLE b °7)

oper at i onapo@fiidl VAR, W aluffifiudeeondiios ilGQ%J]’ﬁiéh}i%B&hnééléd (tjd;&x‘ér medi at e node

t hereof, and provi des an output voltage V|err . I'n order to obtain Vo =
vdd / 2, berenedlieisioverd e apistr BRItk pel hé witicoh Sesidtort he T esi st or
116, the al um ni um conductors 113 and 112 are Tornmed on the resistors 115

and 116 tol@0lkvHehce;nhe resfstordssisieided fiom ambienthoiseiof enapneticfigldcthd fi el ds,
and are supplied with the same potential. Such a structure outputs a stable
vol tage [ ea phrtialrasistdnce vasiationocan ki prieventedhaThe outpie Vali08cis wearately
applications. A potential Vdd/3 or Vdd/4 can be easily obtained with a
theee or f@uYdd@rial |y connected resistor configuration. In order to design
a layout of a gsem conductor integrated device using a '
Fig. 7 is an application circuit diagram which uses two resistors for the
same purpose as that in Fig. 6. Two polycrystalline silicon resistors 114 and
115 are serially connected between the potential Vdd 110 and Vss 111. The
operational amplifier 117 receives the signal 116 at the intermediate node
thereof, and provides an output voltage V, 118.
In order to obtain Vo = Vdd / 2, the resistors 115 and 116 have the same
structure as the resistor 116, the aluminium conductors 113 and 112 are formed |
on the resistors 115 and 116 to prevent any influence due to ambient noise and
magnetic fields, and are supplied with the same potential. Such a structure
outputs a stable voltage V. |
The above voltage divider has a wide variety of applications. A potential
Vdd/3 or Vdd/4 can be easily obtained with a three or four serially connected
resistor configuration. '
In order to design a layout of a semiconductor integrated device using a
standard cell process, an automatic arranging and wiring process can be
performed by registering predetermingly the resistors and aluminium conductors
covering them as one cell.

According to the present invention, a polycrystalline silicon resistor

structure with a one layered aluminium wiring has been explained above as an



1.

standard cell process, an automatic arranging and w ring prQqcess,gan be
performed by registering predetermngly the resi stor$ and*alahi ni dm

conductors covering themas one cell. According to the present invention, .a
pol ycrystalline silicon resistor structure with a one |ayered alunmi nium
wi ring has been expl ai ned above as ar 8 enbodi nent. The present

I nvention can be applied to a two or three layered wiring structure in a
sem condembediment; ckhe prasenh invehien:canbe applied torabtw omthres laperdedcr yst al | i ne
silicon has, been used as a silicon material. However, a diffused resistor
buried i nvwnsémle@mm samiconductarideviegy be appl i ed to forma stable

esistor accdidh &qv?ﬁ%ﬂ*oﬁ%@s@&pﬁwmm%%% Btk boRR, % s od, 5

!2&??“?@%” %312 OWEVRTc TS er%?to?ﬂmrﬁm“e” oBdNORS 1 ot o, and
Fesi ot or SUBERH @*tai/ applicd B5for AR reon g g et el 1 o Onduct or
and” pol yer ys o § FREERY Hiilot o K ifor Sl ol AR, 7, L
Ciroui b A aauR g %%‘S‘“ﬁ%h%%%&éﬁ‘?ﬁﬁw#ﬁdé"."ﬁ%’*ﬁsﬁ.”eieﬁéhva' o

resi stor jRqedihgai® wéll Hiitdr BAREY irtd 4R 'N-| Bstraie CANYING Will Miistop | S connect ed
to a fixed potential surrounds the resistors 160 to 163 and the capacitors

164 to l6drmisliatea Pt Sibstrags] RAE alhiFe GoncehtrRtion! Aiffused eésistér incRudfigor S provi de
good resistance value stability. signal is input fromthe resistance

ter m nal iord implanted ®ch Whd Nthdtesistersed from t he resistance terninal at the
si de Vout.

16

For a low resistance conductor material, a metal -semiconductor compound
and superconductive material may be used, in addition to aluminium and
polycrystalline silicon.

A variety of combinations of the diffused resistor and the shield material
can be performed.

Fig. 8 is an equivalent circuit diagram showing a high frequency delay line
using a shielded resistor according to the present invention. A conductor which
is connected to a fixed potential surrounds the resistors 160 to 163, and the
capacitors 164 to 167 have a stable capacitance value. The shielded resistors
provide good resistance value stability. A signal is input from the resistance
terminal at the side Vi, and issued from the resistance terminal at the side Vout.

As described above, the present invention has a wide range of applications.
A resistance element is one of most fundamental passive elements for circuit
technologies, and various circuits requires high precision resistors. Particularly,
the present invention can be widely applied in the following semiconductor
integrated electronic devices: oscillation circuits, A/D converters, and sensor
circuits which require resistors with absolute resistance value; D/A converters,
voltage sensing circuits, and oscillation halt detecting circuits which require a

mutual resistance precision between a plurality of resistors; static RAMs,
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. As described above, the present invention ‘has a w d¢ range,of. appkications.
A resistance elenent is one of nost fundanental passive eléhents for -
circuit technol ogies, and various circuits requires high precision .
resistors. Particularly, the present invention can be widely applied in the
foll owi ng sem conductor integrated el ettronic devices: oscillation

circuits, A/D converters, and sensor circuits which require resistors with
absol ut e r EBROM#: @ad ERPROMowhichaiequire bigh vajus resistors #th suppesssedii t s, and
oscillation halt detecting circuits which require a nmutual resistance

preci si on WK GWENLa plurality of resistors; static RAME, 9 EPROMs, and

E2PROVB whi ch require high val ue .resistors w.t.h syppr.essed, | eak current.
Furfher nor e, t'é‘%éﬁr{“oé% ¢ aftAgeqrding fo the presrht inventom ig which 3, "5

capac { or Seasat HetgpCh sl it B o bt Githel o SBRLASH, °
stabt |1t} SrafdlsydrdoHR o Qicds TGMHpEVE thE S1aBflitfeX o Hihy Wi de range of
appl i cati ons St %e® e‘@%‘%ﬁe an(r}xhlg precision resis a'nc_e el enent can

be formed by ' ¢ St Agdll i , ibebdifte! it T €
peri pher al st?ﬁll(l: ﬂ rai tg%‘ﬁﬂg?ﬁg?yﬁe%%drl%gggareesgtan ' g%‘?lf‘)iidl Ity and

preci sion tﬁsaﬁsletmthigm PRI telistaRge SRl ciifibe! fortledby B6ing bRistiAgd a

nmut ual resistance ratrfo between a plurality of resistarice elenments are | ess
l'ikely to Rem@hétBhe provésses Rn® Fdquirieclitiefrgipheial sttactafal patiens.t r uct ure
according to the present invention also is unlikely to be affected by ions
and prevents r,eﬁﬁmFmeewﬁémﬁ:e\swbﬂa?riandgxehiﬁonmagsuwahabmlae the surface
potential (generally of an oxide) of a resistance elenent is not floated

el ect ri calleyistanéesvalue bfa sesistor andea matuab resistanicevratio betweaep a plurakidy of ance

el ement characteristics due to light, and can suppress el ectromagnetic

noi ses gerigsistanck ¢lementsiaze less likely te be effected byiamhieat elegtromagngie e, a |ightly

di ffused high resistance elengnt with hi gth_ preci si.on, occupi es .a snmall area
whi ch ul t infsee| The structure according to the present invention also is unfikl y to be

-

affected by ipns and prevents resistance value variations due to aging, because
the surface potential (generally of an oxide) of a resistance element is not floated
electrically. Also, the structure can prevent variations in resistance element
characteristics due to light, and can suppress electromagnetic noises generated
from the resistance element itself. Furthermore, a lightly diffused high
resistance element with high precision occupies a small area which ultimately

leads to a highly integrated semiconductor device.
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" leads to a highly integrated sem conductor device.¢ - 10 CLALMS;:1. , A
sem conduct or devi ce conprising: a sem conductor substrat’®; 'a resi stance
el enent either formed of polycrystalline silicon disposed over said
substrate or diffused therein. a conductor which is disposed over said
resistance el ement and to which a fi¥ked potential is applied, wherein the
I nprovenent lies in that said resistance el enent has two term nals
connected across a power source, and an internediate node for obtaining a
di vi ded vol tage of said power source. 2. A sem conduct or device as

cl ai med QLAﬂﬁhn1l, in which there are n resistance el enents, where n = an
I nteger of two, three or four, serially connected together with the _
i ntermedi ate node arranged so as to provide the divided voltage V/n. Ii:;

111111113111111111.11 . . .
}. 1\ sen%ioonductor device comprising:

a semiconductor substrate;

a resistance element either formed of polycrystalline silicon disposed over
said substrate or diffused therein.

a conductor which is disposed over said resistance element and to which a
fixed potential is applied, wherein the improvement lies in that said resistarice
element has two terminals connected across a power source, and an intermediate N’

node for obtaining a divided voltage of said power source.

2. A semiconductor device as claimed in claim 1, in which there are n
resistance elements, where n = an integer of two, three or four, serially
connected together with the intermediate node arranged so as to provide the
divided voltage V/n.
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