METHOD FOR FABRI CATI NG DEVI CE STRUCTURES HAVI NG A

VARI ATI ON I N ELECTRI CAL CONDUCTI VI TY TECHNI CAL HELD
(0001] The invention relates, generally, to nethods
for fabricating sem conductor devices and, nore
particularly, to the fabrication of device structures
havi ng predeterm ned el ectrical conductivity, such as
resistors and transi stor conponents. BACKGROUND [ 0002]
The fabrication of sem conductor devices involves the
sequential formation of device structures in
accordance with a particular |ayout design. Typically,
sem conduct or devices, such as integrated circuits,
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have extremely small feature sizes. Further, the various components are packed
together as tightly as possible to avoid consuming excessive substrate surface
area.

[0003] Despite the need to reduce the feature size of device components,
certain components, such as sheet resistors, and the like, depend on feature size
to determine their electrical conductivity. For example, sheet resistors are
typically laid out to have a resistance that corresponds to the length and width
dimensions of the resistor on the substrate surface. Typically, to fabricate sheet
resistors, a patterned semiconductor body, such as polycrystalline silicon, is
formed on the substrate and implanted with conductivity-determining dopants to
set the electrical resistance of the resistors. The electrical resistance of the
sheet resistors will vary in accordance with the dimensions of the semiconductor
body. Thus, a large amount of substrate surface area can be needed to obtain a
predetermined resistance level.



[ 0004] The conponent density restrictions inposed by
sheet resistors are particularly significant where

bl ock resistors, such as,

el ectrostatic-di schargeprotection (ESD) resistors are
i ncluded. These resistors, otherw se known as
unsiiicided resistors, are situated over active
portions of a netal -oxide- sem conductor (MOS) devi ce.
The unsilicided resistors are typically forned between
the gate el ectrode and the source and drain region of
the MOS transistors. In this configuration, the block
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overlying the device structure, where the radiation absorbing layer has a variation
in absorbance. The device structure is irradiated and the radiation absorbing
layer imparts a variation in electrical conductivity of the device structure that

substantially corresponds to the variation in absorbance.



[0009] In yet another enbodi ment, a nethod of
fabricating resistors includes defining resistors on a
sem conduct or substrate. A radiation absorbing | ayer
having a variation in absorbance is fornmed overlying
the resistors. The resistors are irradiated through
the radi ati on absorbing | ayer where the el ectrical
resistivity of the resistors varies in substantia
correspondence with the variation and absorbance of
the radi ati on absorbing | ayer. BRI EF DESCRI PTI ON CF
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absorbing layer having a variation in absorbance is formed overlying the device
structures. Electrical conductivity is imparted to the device structures where the
electrical conductivity of at least two device structures differs in accordance with
the variation in absorbance of the radiation absorbing layer.

[0009] In yet another embodiment, a method of fabricating resistors includes
defining resistors on a semiconductor substrate. A radiation absorbing layer
having a variation in absorbance is formed overlying the resistors. The resistors
are irradiated through the radiation absorbing layer where the electrical resistivity
of the resistors varies in substantial correspondence with the variation and

absorbance of the radiation absorbing layer.

BRIEF DESCRIPTION OF THE DRAWING

[0010] FIGs. 1-3 illustrate, and cross-section, processing steps in accordance
with one embodiment of the invention;

[0011] FIG. 4 illustrates a plain view of a resistor configuration in accordance
with an embodiment of the invention;

[0012] FIGs. 5-8 illustrate, and cross-section, further processing steps of the
embodiment illustrated in FIGs. 1-4;

[0013] FIGs. 9-10 illustrate, and cross-section, processing steps in
accordance with another embodiment of the invention.

DETAILED DESCRIPTION

[0014] lilustrated in FIG. 1, in cross-section, is a portion of a substrate 10
having already undergone several processing steps in accordance with an
embodiment of the invention. A device structure 12 overlies substrate 10 and
includes sidewall spacers 14 adjacent to the edges of device structure 12. In one
embodiment, device structure 12 is a resistor formed by depositing
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[0013]FIGs. 9-10 illustrate, and cross-section,
processing steps in accordance w th anot her enbodi nent
of the invention. DETAILED DESCRI PTI ON
[0014] Il lustrated in FIG 1, in cross-section, is a
portion of a substrate 10 havi ng al ready undergone
several processing steps in accordance with an

enbodi nent of the invention. A device structure 12
overlies substrate 10 and includes sidewal |l spacers 14
adj acent to the edges of device structure 12. In one
enbodi nent, device structure 12 is a resistor forned
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[0017] After forming device structure 12, a radiation absorbing layer 16 is
deposited to overlie device structure 12, as illustrated in FIG. 2. Radiation
absorbing layer 16 is preferably conformally deposited to provide a uniformly
thick layer overlying device structure 12 and the remaining regions of substrate
10. Radiation absorbing layer 16 can be a number of different materials having
the capability to absorb radiation impinging upon the upper surface of layer 16.




deposited to overlie device structure 12, as

illustrated in FIG 2. Radiation absorbing |ayer 16 is
preferably conformally deposited to provide a

uniformy thick | ayer overlying device structure 12

and the remai ning regions of substrate 10. Radi ation
absorbing |ayer 16 can be a nunber of different

mat eri al s having the capability to absorb radiation

I mpi ngi ng upon the upper surface of |ayer 16. For
exanpl e, radi ati on absorbing [ayer 16 can be an

anor phous carbon |ayer that is inpregnated with

hydrogen. Further, layer 16 can be a carbon-hydrogen
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[0020] Referring to FIG. 3, a lithographic mask 18 is formed to overlie a
portion of radiation absorbing layer 16. Lithographic mask 18 can be formed in a
wide variety of configurations depending upon the desired configuration of the
unsilicided resistors. For example, one possible configuration is illustrated in the
plain view of FIG. 4. Upon removal of the portions of device structure 12



exposed by lithographic mask 18, a series of

rect angul ar-shaped resistors wll be forned on

substrate 10. [0021] Those skilled in the art wll
appreciate that unsilicided resistors having a w de
variety of geonetric configurations can be fornmed by

the lithographic patterning and etchi ng process

descri bed above. For exanple, in addition to

rectangul ar bl ock resistors, circular resistors,

serpentine patterns, a resistor block having a

plurality of voids, and the |ike, can be forned.
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egéedhiiRatby the peréatibg@bedevibe structure 12 covered by radiation
absorbing layer 16, the process is not dependent upon the precise alignment of
lithographic mask 18. Those skilled in the art will appreciate that this aspect of
the invention further increases the utilization of the inventive process in a variety
of semiconductor device fabrication processes.
[0023] In the process described above, after forming lithographic mask 18,
exposed portions of radiation absorbing layer 16 were completely etched to
expose the upper surface of device structure 12 underlying the etched portions of

radiation absorbing layer 16. In another process embodiment, as illustrated in



FIG 5, only a portion of radiation absorbing |ayer 16
is renoved by the etching process. instead of

conpl etely renoving portions of radiation absorbing

| ayer 16 exposed by |ithographic nmask 18, the etching
process is controlled, such that only a portion of

radi ati on absorbing layer 16 is renoved, |eaving a
region 20 of radiation absorbing |ayer 16 having a
reduced thickness. [0024]As illustrated in FIG 6,
upon renoval of |ithographic mask 18, device structure
12 is covered by a radiation absorbing | ayer having a
variation in thickness over different portions of
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absorblng layer 16 is imtially deposuted to a thickness of about 0.2nm to about
2500nm. In one embodiment, upon the partial etching of radiation absorbing
layer 16, region 20 has a thickness of about 0.1 nm to about 1250 nm.
[0026] In a process variation, portions of radiation absorbing layer 16 exposed

by lithographic mask 18 are completely etched away exposing the upper surface



[0027]In simlarity with the precedi ng process
techni que, device structure 12 is irradi ated through
absorbing layers 16 and 24 to activate
conductivity-determ ning dopants in device structure
12. The radiation energy intensity is attenuated by
radi ati on absorbing layers 16 and 24, such that a
spacial variation in electrical conductivity is
inmparted to device structure 12. Second radiation
absorbing |ayer 24 can be, for exanple, anmorphous
carbon incl udi ng hydrogen and additi onal species as
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structures are formed by depositing a | ayer of resist
overlying radiation absorbing | ayer 34 and exposi ng



absorbi ng | ayer 34 underlying mask 38.

Correspondi ngly, because blocking nask 36 is fornmed to
a large thickness, mask 36 protects underlying
portions of radiation absorbing |ayer 34 fromthe
etchi ng process. Accordingly, portions of radiation
absorbing | ayer 34 underlying bl ocking mask 36 are
substantially unetched. Further, since a nask is not
fornmed over the remmining resistor 0, a portion of
radi ati on absorbing layer 34 is fully exposed to the
etching process. [0032] Referring to FIG 10, upon
conpi etion of the etching process and renoval of nask
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nodi fications are within the scope of dependent cl ains
and equival ents thereof. CLAI M



1. A nethod for fabricating a sem conductor device
conprising: formng a device structure; formng a
radi ati on absorbing | ayer conprising a | ayer of

hydr ogen i npregnat ed anor phous carbon nmaterial or a
car bon- hydrogen material incorporating additiona
species and form ng a mask on the radiation absorbing
| ayer and etching at |east a portion of the radiation
absorbing |l ayer using the resist nmask as an etching
mask to forma |l ayer having a continuous spatia
variation in radiati on absorbance overlying the device
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to the radiation intensity attenuation provided by radiation absorbing layer 34.
The highest level of dopant activation and, hence the lowest resistance value, will
be created in resistor 30. Correspondingly, relatively higher resistance values
will be created in resistors 31 and 32, because of the relative increase in
thickness of radiation absorbing layer 34 overlying these resistors.

[0033] By way of the process described above, resistors having substantially
the same size will have a variation in resistance values depending upon the
spatial absorbance characteristics of the radiation absorbing layer. By
decoupling the sheet resistance values from resistors having substantially the
same size, a great deal of flexibility is provided to device designers in the layout
of resistors in various semiconductor devices, such as integrated circuits,
memory devices, logic devices, and the like. Those skilled in the art will
appreciate that the processing techniques disclosed herein can be applied to the
fabrication of transistor components. For example, in FIG. 10, resistors 30, 31,
and 32 can be gate electrodes of adjacent MOS transistors. In accordance with
the inventive process, each gate electrode can have a different electrical
conductivity depending upon the spatial variation and absorbance characteristics
of the radiation absorbing layer. Further, the structure illustrated in device 10 can
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4. The nmethod of claim2, wherein formng a radiation
absorbing | ayer having a thickness variation over the
devi ce structure conprises formng the mask to have a
spatial variation in etching characteristics on the
radi ati on absorbing | ayer and etching the nmask and
portions of the radiation absorbing layer. 5. The

nmet hod of claim4, wherein formng the mask to have a
spatial variation in etching characteristics conprises
formng the mask to have regions of differing

t hi cknesses. 6. The nmethod of claim4 further
conprising etching the mask and the radiation

RER S S0laRUR copBLfch f1ARE faf GGG, ddpfehR Aiftent regions
t tfea spratdoatiuctar deticen in etching characteristics of

¢ BT S rnud atEHReaTet et thak s Been P Bsf 4 Refoddof
afxpAEAR G icy éthﬁﬂu:@@rﬁarvn@eé vAGAERDH ifGIEctcd coadudtivity kieat fully
radi ati on absorbing er over the device structure

aPr@Vides e gd\éarg@a%aetr aghabrya dhese Bifgd itperarbyillragognize
d t

(BB oy KB 85 bl S8t rom
elhectpinitad thes inventidn. vIEgr. exa@npl@ha wids hamet;abf irtagdiation, methods can

cBrhrrE authGernG- BerRg R PRI ALl BFel A Rting, and the
diid. eFgrttier OfurAefoRBRIRSteRPSTChIP MhcéddRes| aGtpad @I@ctronlc-
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af)fdF&VeR 9n LRRItIR S YBriShE Hpk'Wreithographic masks, such as deep UV and

X-ray masks, hard masks can also be used as etching masks in the disclosed
etching processes. Accordingly, all such variations and modifications are within
the scope of dependent claims and equivalents thereof.
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10. The nmethod of claim1l, wherein form ng a device
structure conprises formng a sheet resistor. 11. The
net hod of claim 10, wherein inparting a variation in
el ectrical conductivity of the device structure
conprises inparting a variation in sheet resistance of
the sheet resistor. 12. The method of claim 1,
wherein formng a device structure conprises formng a
plura of sheet resistors, wherein at |east two of the
plurality of sheet resistors have different sheet
resi stance values. 13. The nethod of claim1, wherein
CLAIM§:or mi ng a device structure conprises formng a portion
of a transistor. 14. The nmethod of claim1, wherein
irradiating conprises flash annealing the devic 15.
1. AmetBehiafabsrating arfieAtcanevsterdayice feraread havi ng a va

fomap,ggrae{,,ee ghﬁ;ﬁtrél cal conducti vi ty, t he met hod
rising: formn IuraI|E% evj ce structurﬁf
2 ng
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ono ene
formlng ama nt

ﬁe ra |at|tore1 %bgérbing layer and etching at least a portion of the radiation
absorbing layer using the resist mask as an etching mask to form a layer having a continuous
spatial variation in radiation absorbance overlying the device structure;

irradiating the device structure,

wherein the radiation absorbing layer imparts a spatial variation in electrical conductivity to
the device structure substantially corresponding to the spatial variation in absorbance of the
radiation absorbing layer,

such that the electrical conductivity of the device structure is independent of its physical

dimensions.

2. The method of claim 1, wherein forming a radiation absorbing layer having a continuous
spatial variation in absorbance comprises forming a radiation absorbing layer having a thickness

variation over the device structure.

gt The method of claim 2, wherein forming a radiation absorbing layer having a thickness
variation over the device structure comprises forming a mask pattern on a portion of the
radiation absorbing layer and removing all or a portion of the radiation absorbing layer exposed

by the mask pattern.

4. The method of claim 2, wherein forming a radiation absorbing layer having a thickness
variation over the device structure comprises forming the mask to have a spatial variation in
etching characteristics on the radiation absorbing layer and etching the mask and portions of the

radiation absorbing layer.

5. The method of claim 4, wherein forming the mask to have a spatial variation in etching

characteristics comprises forming the mask to have regions of differing thicknesses.
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formng a mask on the radiation absorbing | ayer and
etching at |least a portion of the radiation absorbing

| ayer using the resist mask as an etching nask to form
a layer having a continuous spatial variation in

absor bance overlying the device structures; and
inparting electrical conductivity to the device
structures, wherein the electrical conductivity
of at |east two device structures differs in

6. AHeIhEREE 6 Wity fhnﬁer%gﬁ‘ibhﬁhg ¥l@ﬁ|h§tHeQHaékrhrﬂbﬁ@faQ%ﬂ6ﬁa@sforblng
the radi ati on absorb g}q ayer he met hod of

layer, sgehihat 2 eemajpag @Mﬂ?% rAgialieeriseraing laves yaties invelalpn to the
spatial ¢EHEAbA FeStching @dratdrRbcd dfendl@usice structures and
anneal i ng the device structures. 17. The nethod of
claim 15, wherein etching the radiation absorbing
7. | Ereahetbodrpl dS@s!, ivbem@infgrmaing adadidtioambadrsing ayeg hda\mgeas variation in
b bhaVifnrgn a differi nrﬂ t.hi ckness ﬁt er %ch f bh | %h
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conduc§vtyuct ur es. 19. The nethod of claim 15, wherein
formng a plurality of device structures conprises

formng a plurality of sheet resistors.
8. The method of claim 7, wherein forming a second radiation absorbing layer comprises

forming a layer having a composition that differs from a removed portion of the radiation

absorbing layer.

9. The method of claim 1, wherein irradiating the device structure comprises laser

annealing the device structure.

10. The method of claim 1, wherein forming a device structure comprises forming a sheet
resistor.
11. The method of claim 10, wherein imparting a variation in electrical conductivity of the

device structure comprises imparting a variation in sheet resistance of the sheet resistor.
12. The method of claim 1, wherein forming a device structure comprises forming a plurality
of sheet resistors, wherein at least two of the plurality of sheet resistors have different sheet

resistance values.

13. The method of claim 1, wherein forming a device structure comprises forming a portion

of a transistor.

14. The method of claim 1, wherein irradiating comprises flash annealing the device

structure.
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20. A nmethod for fabricating sheet resistors
conpri si ng: defining sheet resistors on a
sem conduct or substrate, wherein the sheet resistors
are located internediate to transistor gate el ectrodes
and source and drain regions; form ng a radiation
absorbing | ayer and form ng a mask on the radi ation
absorbing layer and etching at |east a portion of the
15. rAadnethod dor feripdeg @eving straglaresngiving atvreatioad glectiadl iconduchyity, the
methodfddriprid@gmask to forma | ayer haV|ng a spatia
varlatlon i n absorbance overly the resistors;

formping @ pé‘frf"'ﬁé ot Jrvice srpaugs hayiRg éH Rtigky the §rae @Eﬁ? dimensions;
forlmg rattrbﬂiﬁttldrﬁé&biblr@néiyer cortan'.h@’ gidjet cﬁﬂhoﬁio@@ridoh@ ﬁHatenaI
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with thq:spaualotanamqryn db$csbamca |ohg1edaq!)amr1 absorbing layer.

16. The method of claim 15, wherein imparting electrical conductivity comprises irradiating

the device structures and annealing the device structures.

17. The method of claim 15, wherein etching the radiation absorbing layer comprises
forming a radiation absorbing layer having a differing thickness over each of the at least two

device structures.

18. The method of claim 17, wherein forming mask seven of this paper. comprises forming
a resist mask having regions of differing thickness over each of the at least two device

structures.

19. The method of claim 15, wherein forming a plurality of device structures comprises

forming a plurality of sheet resistors.

20. A method for fabricating sheet resistors comprising:

defining sheet resistors on a semiconductor substrate, wherein the sheet resistors are
located intermediate to transistor gate electrodes and source and drain regions;

forming a radiation absorbing layer and forming a mask on the radiation absorbing layer
and etching at least a portion of the radiation absorbing layer using the resist mask as an
etching mask to form a layer having a spatial variation in absorbance overlying the resistors;

irradiating the resistors through the radiation absorbing layer; and

wherein the electrical resistivity of the resistors varies in substantial correspondence with

the spatial variation in absorbance of the radiation absorbing layer, such that sheet resistance
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22. The nethod of claim 21, wherein irradiating the
sheet resistors conprises |aser annealing. 23. The
nmet hod of claim 20, wherein defining resistors
conprises formng a standardi zed uni formresistor size
on the sem conductor substrate, and wherein at |east
two of the resistors have differing resistance val ues.
24. The nmethod of claim 20, wherein form ng

values G4l shtaebresislnsoe sHhstpatiply indepgsidesic th%rrwrfﬁ@e %{ea
carbon-hydrogen naterial incorporating addltlona

speci es, the additional species conpr|3|n ?
21. a{&jwe ,mqtrpqggcgﬁlamgpdqlperﬂﬂggwm ﬂgeet LSS EYR rﬁgs ormmg reS|stor

structures and doping the resistor structures with a conductivity-determining dopant.

22. The method of claim 21, wherein irradiating the sheet resistors comprises laser
annealing.
23. The method of claim 20, wherein defining resistors comprises forming a standardized

uniform resistor size on the semiconductor substrate, and wherein at least two of the resistors

have differing resistance values.
24. The method of claim 20, wherein forming a radiation absorbing layer comprises forming

a carbon-hydrogen material incorporating additional species, the additional species comprising

one or more of nitrogen, boron, phosphorus, and fluorine.
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