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resistive film : - The invention relates to a
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in combination with geonetrical dinensions of the resi stive conmponent
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appr oxi mat ghMponents. Resistance values > 1 MQ in combination with geometrical dimensions of the
resistive component of approximately 1 mm are required.

10 By suitably structuring the resistive film (a helical structure in the case of
cylindrical resistive elements and a meandering structure in the case of flat resistive
elements) the basic value of the resistive film can be changed in such a manner that a
specific final value is obtained. For stability reasons, a minimum path width as well as a
minimum film thickness must be observed, so that the highest possible basic value/final value

15  ratio is limited by the geometrical dimensions of the resistive element. Consequently, both
requirements, i.e. a small physical size and a low heat dissipation, can only be achieved by
'using resistive-film materials having the highest possible resistivity.

_ In EP 0220 926 A2 an improved resistive material in the form of a thin-
film chromium-silicon-carbon resistive material is proposed which comprises approximately

20 25t035wt.% chromium, approximately 40 to 55 wt. % silicon and approximately 20 to 30
wt. % carbon, and which is characterized by a resistance value (;f .more than 800 and less
than 1,200 Ohm/inch?, a temperature coefficient of resistance below 200 ppm/K and an
absolute life and trimming stability of less than 0.1% of said resistance value.

It is an object of the invention to provide a resistive component which
. 25 enables a minimal TCR, for example + 100 ppm/K, to be attained, and the use of which, in
particular for resistive components having high resistance values of the order of 1 MQ in
combination with geometrical dimensions of approximately 1 mm, enables the spread in
resistance values within one coating cycle, as well as the reproducibility of specific resistance

values from coating cycle to coating cycle and hence the efficiency of a coating process



20 25 to 35 wt. % chrom um approximately 40 to 55 wt. % silicon and

approximately 20 to .30 wt. % carbon, and which is characterized by a
resi stance value of nore than 800 and | ess than 1,200 Chminch2, a
tenperature coefficient of resistance bel 0\% 200 ppm K and an absol ute

life and trinmm stability of less than 0.1 % of said resistance val ue.
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for extrengpproximately 560¢@ioxidation ef ¢let compaeneismegligibly small. Moreover, it can be

tempered in TC100-range. If it is produced as a surface resistor by means of thin-film
technology, the following values are obtained: R > 20kOhm/square (this corresponds to a
“resistivity > 200,000 pOhm cm at a film thickness of 100 nm) and TCR < 100 ppm/K.

20 A resistive component is preferred which is characterized in that the
resistive film on the basis of CrSi comprises 20-40 at.% Cr, 10-30 at. % Si, 10-40 at. % O
and at least one element of the group formed by B, C and N in a concentration of 1-40 at. %.

In a further preferred resistive component the resistive film on the basis of
CrSi comprises 25-35 at.% Cr, 15-25 at. % Si, 20-30 at.% O, and at least. one element of the

25 group formed by B, C and N in a concentration of 1-30 at. %.

It is also preferred that the resistive film on the basis of CrSi comprises
10-30 at. % Cr, 20-60 at. % Si, 20-50 at.% O, and at least one element of the group formed
by B, C and N in a concentration of 1-40 at. %. _

It is particularly preferred that the resistive film on the basis of CrSi

30 comprises 16-20 at. % Cr, 35-45 at. % Si, 20-30 at. % O and 15-25 at. % C.

It may also be preferred that the resistive film on the basis of CrSi
additionally comprises 1-20 at. % hydrogen.

It may be preferred that the resistive film additionally comprises 1-5 at. %
Ni, Co, Fe, Al, W, Mo, Ti, Ru or Cu. As a result, the moisture resistance of the resistive
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A resistive component in accordance with the invention can be a discrete
component or an integrated component. It is generally composed of one or more resistive
films on a substrate and terminals. The resistive films in accordance with the invention

20 comprise chromium, silicon, oxygen and at least one element of the group formed by boron,
carbon and nitrogen. In this case, oxygen, boron, carbon and nitrogen are present in the
layer in the form of oxidic, boridic, carbidic or nitridic bonds or as elementary inclusions.

The resistive films, which form the actual resistive element, may be only
the resistive films in accordance with the invention or a combination of said films with

25 conventional resistive films. Said resistive films in accordance with the invention can be
combined, for example, with resistive films comprising Ni, Co, Fe, Al, W, Mo, Ti, Ru or
Cu. |
The resistive films are preferably provided on a substrate. Said substrate
may be composed of Al,03, BN, AIN, Si, SiC, Si;N, and/or SiO,. The thickness of the
30 films applied to a substrate generally ranges from 10 nm to 50 um, preferably from 50 to
500 nm. '
The resistive film can be deposited on the substrate by means of
. conventional film-deposition methods such as dip coating, spraying or vacuum evaporation.

Preferably, however, the films are provided by reactive cathode sputtering (reactive
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reactive
30:70 and 50:50 proved to be very suitable. If Cr,Si R, target materials are used, x:y

corresponds to the above composition and (x-+y):z ranges between 0:100 and 100:0,
20 preferably between 90:10 and 50:50.

Deposition takes place in a reactive gas-containing atmosphere on to a
substrate, for example, of Al,05, AIN, BN, Si, SiC, Si3;N, and/or SiO,. If CrxSisz target
materials are used, said atmosphere does not have to contain a reactive gas.

Suitable reactive gases, in which the oxygen is boﬁded to another element,

25 are, for example, carbon dioxide (CO,), carbon monoxide (CO), laughing gas (N,0),.
nitrogen monoxide (NO), nitrogen dioxide (NO,) or oxygen-, hydrogen- and silicon-
containing reactive gases such as hexamethyl disiloxane (HMDSO), (CH,),;SiOSi(CHs);) or'
hexamethyl cyclotrisiloxane (HMCTSO, ((CH3),Si0)3). In comparison with water (H,0), '
said reactive gases have the advantage that the tendency to adsorb at cold surfaces is much

30 less pronounced, so that a reactive-gas partial pressure which is constant during the
deposition process can be set without problems, for example by means of a gas-flow control
device. '

To increase the oxygen content 6f the resistive film to be deposited,
molecular oxygen (O,) and/or water (H,0) may be added to the above-mentioned reactive
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gas-cont ai ni ng at nosphere on to a substrate, for exanple, of A1203,
AIN, BN, Si,.Si.C. Si3N4 and/or Si2. If CrxSi YRz target material s are
used, sali (ﬁ’@!’?ﬂi%ﬂhere does not have to contain a reactive gas.

Sui table reactive gasesg d"%h t&gg

25 arie for exanple, car gge g%ﬁﬁ%ﬁﬂ%gﬁﬁﬂﬁnﬁg Q%'@Faugm ng
gas ( N20) ,cathode sputltemgem arparalelepiate Migh-frequency sputtbringi dbyiceNDBE ppmposysenwas
hydrogen- and 08¢ oip a turbomolecular pump (300 1I/s) and a vane-type rotary fore-pump (40 m>/h).

The resxdual gas pressure was < 10 mbar. The reactive gas used was CO,. The CO, gas
flow was set at 1.1 sccm (standard cubic centimeter per minute). Using argon as the inert

20 gas, the process pressure was set at 2+ 10”2 mbar, which corresponds to an argon-gas flow of
approximately 30 sccm. The target (¢ = 150 mm) was composed of Cr (60 at. %) and Si (40
at. %). In a one-hour coating process at a plasma power of approximately 700 W, an 1.4 um
thick film was deposited on ceramic- and silicon substrates. After the deposition process,
measurements carried out on a ceramic substrate by means of van der Paﬂw’s method

25 showed a resistivity of 300,000 uQlcm and a TCR of -1,430 ppm/K. By electron-beam
microanalysis (EBMH) it was determined that the film was of the followiﬁg composition:
.31at.% Cr
. 19at.% Si
.26at.% O

30 .24at.%C

After tempering for three hours at 700 °C in air, measurements showed a

resistivity of 165,000 uQcm and a TCR of -28 ppm/K. After tempering, it was determined
that the film was of the following composition: '
.30at.% Cr
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deposi t ed tenperng pracsss, the ilm was of the following composition:

15 .18at.% Cr
.40 at. % Si
.26at.% O
.16 at.% C.

20 Example 3:
By using a coating device as described in example 1 and a target

composed of 28 at. % chromium and 72 at.% silicon, two resistive films were deposited.

. film 1: using oxygen as the reactive gas; O, partial pressure = 0.070 Pa

. film 2: using carbon dioxide as the reactive gas; CO, partial pressure = 0.043 Pa.
25

All other coating parameters were the same:

. inert gas: argon

. plasma power: 0.77 kW

. target bias: 2.0 kV
30 . substrate bias: grounded

. coating time: 1 hour

. substrates: - eight Al,O, ceramic substrates (10 x 10 mm) for electrical measurements.

- one approximately 10 cm long and approximately 1 cm wide strip of



céthbde'spdttering in a parallel-plate high-frequency sputtering device.

The pumap system was . conposed of a turbonol ecular punp (300 Ifs) and a
vane-type rotary fore-punp (40 n8lh). The residual gas pressure was- <,
10-5 nbar. The reactive gas used was CQ2. ?’he CQ2 gas fl ow was set at
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pr ocess, measur nts carrie ceram e by neans
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- % Si is much&aller %hen rbonafidxid&GCused as the reactive gas instead of oY
terrperl ng for three hours at 700 "C in air, neasurenents showed a

resistivity of 165,000 IsAcmand a TCR of -28 ppn K. *After tenpering, it
was detergxrzled1 4: that the filmwas of the follow ng conposition:
.30 at 6

20 a0 % Si . 29 aln tHeQoating devide ésctibéd in example 1, and using a target composed

of 28 at. % chromium and 72 at. % silicon, two experimental runs of resistive films were

deposited:

. experimental run I:
15 using oxygen as the reactive gas and a variable reactive-gas flow
. experimental run II:
using carbon dioxide as the reactive gas and a variable reactive-gas flow.
All other coating parameters were the same as in example 2. Fig.-3 shows
the dependence of the resultant oxygen content on the predetermined reactive-gas flow. Fig.

20 4 shows the dependence of the resultant resistivity on the predetermined reactive-gas flow.
The oxygen content was measured on a silicon substrate which was situated in the middle of
the substrate electrode during the coating process. The resistivity was measured on a ceramic
substrate which was situated in the middle of the substrate electrode during the coating
process. .

25 This example serves to explain that, when carbon dioxide is used as the
reactive gas, the oxygen content increases continuously as the p.redetermined reactive-gas
flow increases, and that in this manner high resistivity values can be reproducibly attained. If
oxygen is used as the reactive gas instead of carbon dioxide, the oxygen content increases
step-wise from approximately 25 at.% to 65 at. %, as a result of which it is problematic to

30 reproducibly deposit resistive films having high resistance.

Example 5:
Oxygen- and carbon-containing CrSi films are deposited by reactive cathode

sputtering in a high-frequency sputtering device, in a process in which bulk material is used.



5 Exarrpl e 2 A further oxygen- and

car bon- cont ai ni ng oS filmis deposited in the coating device
descri'bed in exanple | and under the sane ocess conditions, with the
exception that: - target conposition: 28 at. % Cr and 72 at. % Si 10 -

Coat naC o 93he DM syl yaS BhRTRA of 3 mEbamojecyiar pump, (450 ) Anli L ydhe iy Aty

22, 000 gQforapinip@0THRhYeEhe Fe3RiuaPgdskpreduievat 6013810 anba! CO,'WaY Gsedtas the
600 OC in air, the resistivity was 28,500 1pOcm and the TCR was - 52 ppm K.

After the feacnv‘t&%ﬁaerl ng process, the filmwas of the foIIovm ng

COMpOS] ti 0y E%&%sjﬁo\ghm‘ﬂ@the coating ptleddl wik 9. S33o0m. Ubing brglinks the jnert 48

% C
as deschi bt pmcsx pogssere lwas skt at R -JOr2 mbar. ’Ithermmgeedvamboﬂﬁo@ﬂ of%ixC(?JSQm %)ﬁmd

051 ng_ oxygSh{ et K PeRaSiopciogh placs Snysaed AmphEEEtie oerapi pba sputiring power

film2: usppg, ocwzbqatﬁé#dwlﬁff@smhﬁlﬂ\ﬁ&cfalsvx?fa@&sm&%e oPai g Rly/sQiAESUr € =
0.043 Pa. 25 ot her” coati ng pararret ers were the sane: . inert

gas: ar gon(corresmndp1gamhl9p@map0hm at7a Rim thickness of §0@ nim) asd aZTORkof -357 ppm/K

Subetr o o Sl i oratar pE BB Sob 385 e e 5 5

- one appr ppm/RL Akter fhpefing T8 tieE hadR @G0 ECIYait, £ Birficeqesibtande 6 24.7
kQ}/square (corresponding to 247,000 pOhm at a film thickness of 100 nm) and a TCR of
+21 ppm/K were attained. The spread of the surface resistance was 26%. The spread of the
TCR was 36 ppm/K.

15 Example 6:

A reactive-gas mixture of O, and CO, was used in a further coating cycle
in accordance with example 5. The reactive-gas flows were each set at 0.40 sccm. After
coating for 165 minutes, a surface resistance of 20.4 kQ/square (corresponding to 204,000
#Ohm at a film thickness of 100 nm) and a TCR of -633 ppm/K were attained. The spread

20 of the surface resistance was 20%. The spread of the TCR was 46 ppm/K. After a three-hour
tempering process at 480 °C in air, a surface resistance of 48.7 k{}/square (corresponding to
487,000 xOhm at a film thickness of 100 nm) and a TCR of +18 ppm/K were attained. The
spread of the surface resistance was 35%. The spread of the TCR was 56 ppm/K.
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7 . polished silicon which is used to determne the film conposition by
nmeans of EBMA. The resultant filmthickness was 1.9
smfor filml and 1.5 stmfor film I1g The distribution of the oxygen
contents in the films as a function of the“substrate position are

shown in MTWM resistivity values as a function

of the su * position are shown in Fig. 2. This exanple serves to

expl ain that under i ' mﬁ“ﬂ‘“‘a conditions, the lateral variation
1@{“\3\&“ moWariation of the resistivity . S

of the 0 content and
much smal | er when carben di dxi e s used as the reactive gas instead of

oxygen. Exanple 4: 10 In the coating device
described in exanple 1, and using a target conposed of 28 at. %
chromiumand 72 at. %silicon, two experinental runs of resistive filns
wer e deposi t ed: eri ment run |:

. o EX | 1 . .. US]
oxygen as ¥he reactive gaesistite %Rqeabwglqhe‘a&’we&%&f qneRy, more resistive fifrs
‘experi ment.gls nekea : i a h@% ; tH
‘gas and a ‘%’?’?’% Ing&er eatt Im\%_béea%ror 1d8€v.on 8bRaiE AR R ﬂhﬁ@n@%f%ﬁgf lr?so‘%'ﬁg‘r% bas®
coati ng pafdPnSiccharacterizetlin thatrthe assistive dilpngrl theasifiaf.Cr8i somprises 5-50 ah&% Cr,

dependence of .t he re an xygen ,content, on th redet er m ned .
Fonot 1 ve. ding p% S50 3p & UG 1SRN oA Elsitak A e erot Briied i By € and N in
resi stigyi tgyconeehtbion! sFORS@tgmed reactive-gas fl ow The oxygen cont ent
was neasured on a silicon substrate which was situated in the m ddl e of

‘the substrate el ect rodeAdigsistive eonapansat anefaimesciaslainte charaetsrized inythakthe
rrasur o, SRR e by DB B0 1000 L 418, TS 0

and at least one element of the group formed by B, C and N in a concentration of 1-40 at. %.
3. A resistive component as claimed in Claim 1, characterized in that the

10 resistive film on the basis of CrSi comprises 25-35 at.% Cr, 15-25 at. % Si, 20-30 at.% O,
and at least one element of the group formed by B, C and N in a concentration of 1-30 at. %.
4, A resistive component as claimed in Claim 1, characterized in that the
resistive film on the basis of CrSi comprises 10-30 at. % Cr, 20-60 at. % Si, 20-50 at. % O,
and at least one element of the group formed by B, C and N in a concentration of 1-40 at.%.

15 5. A resistive component as claimed in Claim 1, characterized in that the
resistive film on the basis of CrSi comprises 16-20 at. % Cr, 35-45 at. % Si, 20-30 at.% O
and 15-25 at. % C.
6. A resistive component as claimed in Claim 1, characterized in that the
resistive film on the basis of CrSi additionally comprises 1-20 at. % hydrogen.

20 7. A resistive component as claimed in Claim 1, characterized in that the
resistive film additionally comprises 1-5 at. % (_ie, Ni, Co, Fe, Al, W, Mo, Ti, Ru or Cu.
8. A resistive component as claimed in Claim 1, characterized in that the
thickness of the resistive film on the basis of CrSi ranges from 10 nm to 10um.
9. A resistive component as claimed in Claim 1, characterized in that the

25 substrate is composed of Al,O,, BN, AlN, Si, SiC, Si;N, and/or SiO,.



25 - ' Thi s exanple serves to explain that, when carbon
di oxi de is used as the reactive gas, the oxygen content increases
continuously as the predetermined reactive-gas fl ow i ncreases, and
that in this manner high resistivity VT| s can be reproduci bly attained.
| f oxygen is used as the reactive ggz i nstead of carbon dioxide, the
oxygen content increases step-wi se fromapproximately 25 at. %to 65
at. % as a result of ich it issproblematyc to 30 eproduciEby deposi t
fesistive filme havingi®igh resi selnce. Exami® 5:

Oxygen- and car bon- cffhtlainri-rg—CrSi—-brs—arle—depositdd—by-reactt vl cat hode
sputtering in a high-frlequency sputtering device, in a process}|in which
bulk material is used. 1 I

8 The punp syste
a vane-type rotary

was conposed of a turbonol ecul ar punp (1450 I's) and
nB8/ h). The residual gas gressure was’

< 3- 106 nbar. £EP was {use reactive gas. The [C02-gas fl ow
during the coatiing procless » $ccm Using argon as the inert gas, 5

“the process pre@ure was set at 284 10-2 nbar. The target waq conposed of
Cr (28 at. % am Si fehosition took place on lr ogsnd

al um ni um oxi de—c‘era:tl’rf‘?(':~ at a sputtering poke of 1.0 k ft coating

for 164 mnutes,ga surf, lor r espondi ng.

[ }— .

to 119, 000 14ChiRRat a fjHm d 155 nm) ahn -1457 ppm K
“were attained. The sprepd of the swy aCe resistance was 16% The spread of
the TCR was 53 10 ppmi K} After ten&@@ ng for three hours at 460 '"Cin air,
-a surface resistance of]24.7 kW square (corresponding to 247,000 AOhm - -
cat a filmthickness of [LO0 nn) and a TCR of +21 ppm K wer e attai ned.
The spread of the surfafe resistance was 26% The spread of theg TCR

was 36 ppnt K. 20 : , . , . . — 20
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15 'Exan'pl e 6: . A reactive-gas mxture of 02 and CO2

was used in a further coating cycle in accordance with exanple 5. The
reactive-gas fl ows were each set at 0.40 sccm After coating for 165
m nutes, a surface resistance of 20.4 kg/gquare (corresponding to 204, 000
AOhmat a filmthickness of 100 nm an CR of -633 ppmf K were attai ned.
‘The spread 20 of the surface resistance was 20% The spread of the TCR was
46 ppm K. After a thregyhour t enperi ng process at 480 Cip air, a
surface resistance qf . 7 kS2/ square (corresponding to . 447,000 140hm
at a filmthickness TOO Ny and a TCR of F18 ppNT K Were arta . The
spread of the surface rjesi stance was 35% The spread of the TCR was 56
ppnt K. 1 -9
CLAI VEB: 1. A resistive co whi ¢h is
conposed of one or Gﬂrq resistive filns whi ch, if necessanyf0may be
provided on a sy@tratg, and at |east one of which isjon the basis of
CrSi, characterized indfthat the resistive filmon the|basis of {CrSi
conprises 5-50 aE % Cr, 10-70 at. % Si, 5-50 at§y %0 andlat |east one
el ement of the grouppfgrnmed by B, Cand N gp, 5 a comcentratiqnggf 1-50
at. % 2. — A resistive cdnponent clained in aim1,
characterized i n& hat tlhe / i
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resiestive filmon the basis of OSi conprises 20-40 at. % Cr, 10-30 at. %
Si, 1040 at. %O and at | east one elenent of the group forned by B, C
and Nin a concentration of 1-40 at. % 3. A resistive
conponent as clainmed in Caiml, characterized in that the 10 resistive
filmon thmf CrSi conprises 25-35 at. % Cr, 15-25 at.% Si, 20-30 at.

% O, . ast one elenent of the group forned by B, Cand Nin a
concent r atRexstivt cobmpanéit.cotprising a €rSi resistive film. A resistive conponent
as claimed in CQaim1l, characterized in that the resistive filmon the

basis of &S conprises 10-30 at. % Cr, 20-60 at. % Si, 20-50 at. % O,
and at | east one elenent of the group forned by B, Cand Nin a

concentration of 1-40 at. % 15 5. A resistive conponent
as claimed in Claiml, characterized in that the resistive filmon the
basis of &S conprises 16-2Q0 at. % Cr 5-45 at. % Si, 20-30 at. %.0

and 15-25 at. % C 4. resistive component which,is comppied f ARsATRPreEesistivg filrms

in Cam : \.zed. : i Shd il i :
0 S ARG s ihidn g k) Shd yErshi Rt e Bk b
resi sti ve afdbgSonthetresistivel filmmed the bisofiCtSi eomprisinge-50adl % (Crf ABt70t 4% Si, 5-50

T R or a O 38 1AW SRR ortRE o Remed bV dh Gant f e SonGmalin 47 1-

Claimls Swpstamterized in that the t hi ckness of the resistive filmon
the basis of CrSi ranges from1l0 nmto 10[err]m _ 9. . A
resistive component as &hepdvantageowy properties of dhenresistive eemponank it agaesdance

substrate | GRS re BhedPon B readiVe iﬁl:Orpg'agbn I [o‘)at%elm Edrb80 8F Okygen

Sigerr].
and nitogen or oxygen and carbon and nitrogen into resistive films on the basis of CrSi.

10 Fig. 2



