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of the upeg(jcp forp s ohannelrsiop [implant is based upon an assumed trench depth and/or thlckness of the 1solat1on

30  material through which the channel-stop implant will be performed. However, a variety of manufacturing

variations may adversely impact the formation of acceptable, or at least more effective, channel-stop implants.

For example, the trench depth, as formed, may be greater or less than anticipated, due to operator error,
variations within the etching tool used to form the trench, etc. Additionally, the thickness of the isolation material
formed in the trench through which the channel-stop implant process will be performed may be thicker or thinner

35  than anticipated due to errors in polishing or in forming the isolation matenal etc.

The variations, if not accounted for, may lead to the formation of less effective channel-stop implants,
and, thus, less effective isolation of semiconductor devices. For example, if the trench is formed deeper than
anticipated and/or the thickness of the isolation material in the trench is greater than anticipated, performing a
channel-stop implant process based upon assumed design parameters for the trench depth and thickness of the

40  isolation material will result in an implant that does not penetrate into the substrate as deeply as would otherwise be

desired. Conversely, if the trench is formed too shallow and/or the thickness of the isolation material is less than
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an actual implementation are descrlbed in thls specification. It will of course be appreciated that in the

30  development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

35 The present invention will now be described with reference to Figures 1-4. Although the various regions

‘ and structures of a semiconductor device are depicted in the drawings as having very precise, sharp configurations
and profiles, those skilled in the art recognize that, in reality, these regions and structures are not as precise as
indicated in the drawings. Additionally, the relative sizes of the various features depicted in the drawings may be
exaggerated or reduced as compared to the size of those feature sizes on fabricated devices. Nevertheless, the

40  attached drawings are included to describe and explain illustrative examples of the present invention.
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const r wobwsold, iskadgg fdrh @chematically depicted channel-stop implants 26, as shown in Figure 2. A masking

layer 31, e.g., photoresist, is formed on the substrate 10 and patterned to expose the trench isolation 21 to the ion
implantation process 30. The dopant atoms used to form the channel-stop implant 26 will vary, depending upon
35 the type of device under construction, boron, phosphorous, arsenic, etc.

As stated previously, the depth of the implant and, in particular, the depth of the peak concentration of the
channel-stop implant, will vary, depending upon the depth of the trench 22 and the thickness of the isolation
material 24 through which the ion implantation process will be performed to form the channel-stop implant.
However, to insure that the channel-stop implant 26 is more precisely positioned, variations in the trench depth

40  and/or the thickness of the isolation material 24 are determined, and that information is used to vary the energy

level of the ion implantation process used to form the channel-stop implants 26. In effect, the information
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Determining an implant energy for the channel-stop ion implantation process, as indicated at block 38,

35  may be accomplished by a variety of techniques. For example, a database may be developed that correlates the
determined depth of the trench 22 and/or the determined thickness of the isolation material 24 to a corresponding
energy level for the channel-stop implantation process. Alternatively, the energy level could be calculated based
aupon the determined depth off the trench 22 and/or the thickness of the isolation material 24. Other methodologies
are also possible. Thereafter, the method continues with performing the ion implantation process through the

40  isolation material 24 at the determined energy level.
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electronic computing device, that manipulates and transforms data represented as physical, electronic quantities

35  within the computer system’s registers and memories into other data similarly represented as physical quantities

within the computer system memories or registers or other such information storage, transmission or display
devices.

An exemplary software system capable of being adapted to perform the functions of the automatic process

controller 48, as described, is the ObjectSpace Catalyst system offered by ObjectSpace, Inc. The ObjectSpace

40  Catalyst system uses Semiconductor Equipment and Materials International (SEMI) Computer Integrated

Manufacturing (CIM) Framework compliant system technologies, and is based on the Advanced Process Control



5 In one enbodi nent of the present invention, the energy |evel of the

channel -stop inplantation process varies or is adjusted, depending upon
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par anet ers. contr ol a stan vice, it may be part

of a sﬁf%ﬂ?glyeﬁeP@teﬁR?S%éhtb%{?I{l156?Se{ﬁ%“?‘@ﬁ%@“ﬁﬁ‘l"ant tool 46 or anot her
process tool, such as a chem cal nechanical polishing tool. Mreover, the
met r ol ogy tool 44 may be a stand-al one device or system or, it nay be
incorporated into the ion inplant tool 46, another processing tool, e.g.,
a chem cal nmechanical polishing tool, an etch tool, etc., or a system
containing both. In the illustrated enbodi nent, the automatic process
controller 48 is a conputer progranmed with software to inplenment the
functions descri bed. However, as will be appreciated by those of ordinary
skill in the 20 art, a hardware controller (not shown) designed to

i npl ement the particular functions may al so be used. Portions of the

i nvention and correspondi ng detail ed description are presented in terns of
software, or algorithns. and synbolic representations of operations on
data bits within a conputer nenory. These descriptions and repre-
sentations are the ones by which those of ordinary skill in the art
effectively convey the substance of their work to others of ordinary skil
inthe art. An algorithm as the termis used here, and as it is used
generally, is conceived to 25 be a, self-consistent sequence, of steps

| eading to a desired result. The steps are those requiring physical
mani pul ati ons of physical quantities. Usually, though not necessarily,
these quantities take the formof optical, electrical, or magnetic signals
capabl e of being stored, transferred, conbined, conpared, and otherw se
mani pul ated. It has proven convenient at tinmes, principally for reasons of
comon usage, to refer to these signals as bits, values, elenents,
synbol s, characters, terns, nunbers, or the like. 30 It should be borne in
m nd, however, that all of these and simlar terns are to be associ ated
with the appropriate physical quantities and are nerely conveni ent |abels
applied to these quantities. Unless specifically stated otherw se, or as
is apparent fromthe discussion, terns such as "processing” or "conputing"
or "calculating" or "determning" or "displaying" or the |like, refer to
the actions and processes of a conputer system or simlar



el ectroni c conputing device, that mani pul ates and transforns data
represented as physical, electronic quantities 35 within the conputer
system s (RpjRkeHS and nenories into other data simlarly gapi®sased as
physical quantities wthin the conmputer system nenories or registers or
ot her such information storage, transm ssion or display devices. An
exenpl ary software system capabl e of Bép‘ﬁ@ adapted to performthe functions
of the automatic process controller 48, as described, is the bject Space
Cat al yst syslt em 04&%50%%19 nstJ ect Space, Inc. The (bjectSpace 40 Catal yst
syst em uses Seni conduct or prent and Materials International (SEM)
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i sol ati ons may be nmanufactured and used in nodem senm conduct or devi ces The
particul ar enbodi ments di scl osed above are illustrative only,
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manner soafpeseehing i Benth@3)én sdemichidcting subki@teart havi ng t he benefit of the
teachings herein. Furthernore, no limtations are intended to the details
of construction or design herein shown, other than as 10 described in the
cl dns bel oW: |t The mefhet of drie lehereinomigge ttepd ipplatien saedn CéhBodidisaths(22)
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consi degtrei\ 1wt h"h °h}€£§" scope and spirit of the invention. Accordingly, the
protectlon sSlght einis as set forth in the clains below W 01/93311
PCT/US01/12360 7 CLAIMS 1. A nethod conprising: formng a trench (22) in
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(22) anhicmbseoitshldcsklmgla@flalwb d isolation material (24); and determ ni ng an

energy level for an ion inplantation process to be perforned through said

isolation mnaterial (24) based upon at | east one of said determ ned depth
of said tremch (22§ 2ghed sl ! f@e&eﬁudetﬁlﬁ@% B Iy el Loiden BRlapeHoR progtss 024) .
2. The btapérfvatkdairogh adidisdigtiontnetesdl (R4 Gasetti upgh @ least @modi s{i® RYerminedadegtle 0T saidnedt | Ng

su %t r "ﬁﬁ al(d]sgl)i thickness of said isolation material (24) comprises calculating an energy level for an ion implantation

process to be performed through said isolation material (24) based upon at least one of said determined depth of

said trench (22) and said thickness of said isolation material (24).

6. The method of claim 1, wherein determining an energy level for an ion implantation process to

30  be performed through said isolation material (24) based upon at least one of said determined depth of said trench
(22) and said thickness of said isolation material (24) comprises correlating an energy level for an ion implantation
process to be performed through said isolation material (24) with at least one of said determined depth of said

trench (22) and said thickness of said isolation material (24).

35 7. The method of claim 1, further comprising reporting said at least one of said determined depth of
said trench and said thickness of said isolation material to a controller that controls the implant energy of an ion

implantation tool used to perform an ion implantation process through the isolation material.

8. The method of claim 1, further comprising performing the ion implantation process using the

40  determined energy level.



conprises etching a trench (22) in a sem conducting substrate. 15 3. The
nmet hod of claim1, wherein formng a trench isolation material (24) in said
trench (2glo1%3%R’ises formng a trench isolation materialpdpsddor524pT 1 sed
of at |east one of an oxide, an oxynifgride, and a nitride in said trench
(22). 4. The nethod of claim1, wherein determning at | east one of the
depth of said trench (22) and the 20 thickness of said isolation materi al
(24) conpri 9es neasien Bgnpaitind: east one of the depth of said trench (22) and
the thicknes i.d S 4
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isolation materi al a cu er. Y r an ion

i npl ant ation pr oc%gégl?t o at”Pal Z?gg ﬁ"é&pc{nﬁ’rl i ggfg?edjeeggl%%‘%é ep%l nﬂ'ﬁ‘fch}essa‘fnd( 24)
based upon at ionémspiant toeldd6pfor B%ﬂbdnlumsalénmumé@tmemwe@ﬁt saisléﬁtdmw@w@igy le2) and
said thickness of said isolation material (24). 6. The method of claiml,
wherein determning an energy level for an ion inplantation process to 30
be perfornmed through said isolation material (24) based upon at |east one
of said determ ned depth of said trench (22) and said thickness of said

i solation material (24) conprises correlating an energy level for an ion

i npl antation process to be perfornmed through said isolation material (24)
with at | east one of said determ ned depth of said trench (22) and said

t hi ckness of said isolation material (24). 35 7. The nethod of claim1,
further conprising reporting said at | east one of said determ ned depth of
said trench and said thickness of said isolation material to a controller
that controls the inplant energy of an ion inplantation tool used to
performan ion inplantation process through the isolation naterial. 8. The
met hod of claim1, further conprising performng the ion inplantation
process using the 40 determ ned energy |evel. WO 01/93311 PCT/ US01/ 12360
8 9. A systemconprising: a netrology tool (44) for determ ning at | east
one of a depth of a trench (22) and a 'thickness of an isolation materi al
(24) formed in said trench; 5 a controller (48) for determ ning an energy
| evel for an ion inplantation process to be performed through said
isolation material (24) based upon at |east one of the determ ned depth and
t hi ckness; and an ion inplant tool (46) for performng said ion

i npl antation process at said determ ned energy |evel.




