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parameter. A general problemw thin sem conductor processing is that, even
if every process step is performng at m ni mum process performance
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process performance variability such that a percentage of the sem conductor
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above problem proce ufacturers and process 30 engineers try to
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performance variability as possible.

Each process step in such sequence is specified by specific process performance
15 parameters indicating the performance of the process and/or its limitations. For
example, an ion implantation step can be specified amongst others by implantation
dose, implantation depth, implantation energy, implanted dopant concentration,
active dopant concentration, defect density, and resistivity or sheet resistance.
Furthermore, since all process steps suffer from a certain degree of process
20 variability, the mentioned parameters all have its equivalent within-wafer uniformity

parameter and wafer-to-wafer uniformity parameter.

A general problem within semiconductor processing is that, even if every process
step is performing at minimum process performance variability, the sequence of
25  process steps suffers from cumulative process performance variability such that a
percentage of the semiconductor devices obtained are not within specifications or

show unreliable electronic performance, resulting in yield loss.

In an attempt to solve the above problem, process tool manufacturers and process
30 engineers try to ensure as much as possible that every individual process tool or step
performs with the best possible within-wafer uniformity, and with the best possible
wafer-to-wafer repeatability by eliminating as much process performance variability

as possible.
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ot her words the process performance when as nmany sources of systematic
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process tools are capable of, yield loss caused by so-called parametric yield loss, is

becoming more and more important. This is illustrated in FIG 1, showing ‘classic’

defect-limited yield and feature-limited yield as function of technology node (feature

size). This establishes the increasing importance of parametric yield loss compared
15  to defect-related yield loss.

Furthermore, processes in which all systematic process performance variability is
eliminated, will generally still show small but highly unpredictable process
performance variability, resulting in remaining quasi-random within-wafer uniformity

20 parameters and wafer-to-wafer uniformity parameters.

Another problem still remaining is that, since generally a process tool is optimized in

view of best possible within-wafer uniformity, it is much more difficult to optimize a

process step in view of best possible wafer-to-wafer uniformity, whereas the within-
25  wafer uniformity patterns may be very different from one wafer to another.

Considering the above drawbacks, there is a clear need for a method for making a
semiconductor device which as a first object provides the ability to decrease
parametric yield loss, in particular when process tolerances are required beyond the

30 limits of process capability.

Further, it is an object of the present invention to provide a method for making a

semiconductor device able to deal with quasi-random within-wafer uniformity



process step in view of best possible wafer-to-wafer uniformty, whereas
the wthin- 25 wafer uniformty patterns nay be very different fromone
waf er to woavheér73osgonsi dering the above drawbacks, ther @CirErPaoioloesno need
for a nethod for making a seniconductot device which as a first object
provides the ability to decrease paranetric yield loss, in particular when
process tol erances, are required heyond the 30limts, of process capability.
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anot her object of the present invention is to provide a nethod for making a
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paraneter distribution. The present invention neets the above objects by
provi ding a nethod conprising laser irradiation wherein the irradiation
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10  out of specifications or showing unreliable electronic performance, and to improve

device performance parameter distribution.

The present invention meets the above objects by providing a method comprising
laser irradiation wherein the irradiation parameters are determined based on at least

15 one process performance parameter of a prior process step or sequence of prior
process steps.

SUMMARY OF THE INVENTION

20
The present invention is directed to a method for making a semiconductor device
comprising the steps of:
- exposing a semiconductor substrate to a process step or sequence of
process steps of which at least one process performance parameter is
25 determined,

- and irradiating a region of the semiconductor substrate with a laser having

laser irradiation parameters;

characterized in that the irradiation parameters are determined based on the at least

30 one process performance parameter.

BRIEF DESCRIPTION OF THE DRAWINGS



The present invention is directed to a nethod for nmaking a sem conduct or
devi ce conprising the steps of: exposing a sem conductor substrate to a
process swoepomvo7s@squence of process steps of which at | @eaStEPeNe/OpI30€ess
performance paraneter is 25determined,4 and irradiating a region of the
sem conductor substrate wth a | aser having | aser irradiation paraneters;
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in 1 C desi'gn as a function of technol ogy node (Source: Kohyama/ Toshi ba).
FIG 2 illustrates an enbodi nent of nmethod according to the present
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first enbodi ment of the present invention a nethod for nmaking a
sem conduct or device is provided conprising the steps of: exposing a
seni corfd(c? sehempliealyt rows an pradplsolsa wtg@d degeaidanes Wihdee psesentst eps
of whi qrq\(@rit-wl east one process performance paraneter is determned in a
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regi on e sem conductor substrate, and irradiating the region with a

| aser having |aser irradiation paraneters; characterized in that the
irradi ati on paranmeters are determ ned based on the at | east 20 one process
performance paraneter.

10 DESCRIPTION OF THE INVENTION

According to a first embodiment of the present invention a method for making a

semiconductor device is provided comprising the steps of:

- exposing a semiconductor substrate to a process step or sequence of process
15  steps of which at least one process performance parameter is determined in a region

of the semiconductor substrate,

- and irradiating the region with a laser having laser irradiation parameters;

characterized in that the irradiation parameters are determined based on the at least

20 one process performance parameter.

By determining at least one process performance parameter (FIG 2 (a)) of a process
step or sequence of process steps, and determining the irradiation parameters
(FIG 2 (b)) based on that process performance parameter, a region having a process
25  performance parameter value above or below tolerance may be compensated by
exposure to laser irradiation in order to achieve the corresponding target parameter
value. Clearly, this may result in an increase of process yield and minimization of the
number of produced devices out of specifications or showing unreliable electronic
performance.
30
Another benefit of the present invention is that it may be used to fine-tune process
performance parameters which are already within tolerances, thereby improving

device performance parameter distribution.



By determ ning at |east one process performance paraneter (FIG 2 (a)) of a
process step or sequence of process steps, and determining the irradiation
par anet erwO(2p11®7208¢b) ) based on that process perfor nanc@CpapaneineI3po a
regi on having a process 25 performance paraneter val ue above or bel ow
tol erance may be conpensated by exposure to laser irradiation in order to
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conpensat ed. 10Laser irradiati on of sem conductor substrates is well known
for applications such as thermal annealing of anorphous silicon to obtain
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such as wavel eng enerlgy and pul se duration, are to be adapted as

det er mSeSHCH ondese 'dewaKee qg,thm;glgg irradiation parameters to be applied on
a region of the semiconductor substrate based on the process performance variability

of another process step or the cumulative process performance variability of a
20 sequence of process steps was never suggested in the state of the art.

The irradiation parameters of the laser, such as wavelength, energy and pulse
duration, are to be adapted as determined based on one or more process
performance parameters of a process step or sequence of process steps. This may

25 preferably be done by adjusting the output energy of the laser and/or the pulse
length. For example, in case the laser is an excimer laser, the voltage applied to the
gas discharge may be changed.

The irradiation parameters influence directly the heating temperature, temperature

30 budget, heating depth or melt depth of the irradiated region, thereby directly or
indirectly influencing the physical, dimensional, morphological or electrical
characteristics of that region, providing the ability to compensate for limited process
capability or process performance variability.



performance paraneters of a process step or sequence of process steps. This
may 25 preferably be done by adjusting the output energy of the |aser
and/ or thwopoaliga3isengt h. For exanple, in case the | aser PCI/ERR010:06930€r

| aser, the voltage applied to the gas ®ischarge nay be changed. The
irradiation paraneters influence directly the heating tenperature,
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| aser irradiation nmay be pulsed laser irradiation, having an aerial energy
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15 The laser irradiation may be pulsed laser irradiation, having an aerial energy density
of 0,1 to 6 J/cm?, preferably 0.2 to 3 J/cm?, and delivered pulse energy of 1 to 50
Joules. Use of a high energy laser allows processing of large areas with each laser

pulse.
20  The pulse duration may be between 50 to 250 nanoseconds.

The laser beam spot size may be adapted or even matched to the region size to be
irradiated, for example by using a variable aperture in the laser beam path, by using
an optical system with variable beam spot magnification or a combination of both.

25
The at least one process performance parameter may comprise a dimensional,

morphological, or electrical parameter, or a combination thereof.

The dimensional parameters may be but are not limited to substrate thickness,
30 deposition rate, etch rate, implantation depth, gate length, and its equivalent

uniformity parameters.



The | aser beam spot size may be adapted or even matched to the region size
to be irradiated, for exanple by using a variable aperture in the |aser
beam pat rWOtzyllmgB(rsg an optical systemw th vari abl e beamCImpRoNmMEIING i cat i on
or a conbination of both. 25 The at |east one process perfornmance paramneter
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5The el ectrical paranmeters may be but are not limted to inplantation

densi t yThd rai@ntat parardeses mapapé boneest iat lintedats | mmplaieBAc: density,
concentrati on, resi strvrty sheet resi st ance, and its unrformty

par ametigypiantation daseardandn deanoentralien:r @chye tdpRans ¢Anesaiationy EdgistHAly. t he
at |ea RNf d?&éﬂ&’é s Erﬂr'?c?rh‘?rf[@ﬁ% ”{Ei%( corrprr se a wWithin-substrate
y [ er. I'na rtircular

non- unit 6rm t par ane enbodi nent according to the
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region with separately determ ned irradi ati on paraneter, but even fine-tune

pr ocesasamet®rmance paraneters within a region. 25In an enbodi nent in
acqr dance with the present invention, a nethod for nmaking a

By determining the irradiation parameters based on substrate-to-substrate non-
uniformity parameters, process parameter variability in both the distribution over the
semiconductor substrate, i.e. the distribution pattern, and the magnitude of substrate-
to-substrate process parameter variability are explicitly taken into account prior to
20 processing. The laser irradiation process is thereby adapted on a dimensional scale
much smaller than the substrate dimensions, providing the ability to not only irradiate
each substrate region with separately determined irradiation parameter, but even

fine-tune process performance parameters within a region.

25 In an embodiment in accordance with the present invention, a method for making a
semiconductor device is provided, wherein each region may be preliminary irradiated
with common irradiation parameters before irradiating them with separately

determined irradiation parameters.

30 In another embodiment according to the present invention, in each region the at least
one process performance parameter and the irradiation parameters may be
determined sequentially. Preferably, in this case the laser irradiation equipment itself
will comprise means to measure a process performance parameter value of a region

and calculation means to determine a set of irradiation parameters for that region.



sem conductor device is provided, wherein each region may be prelimnary
irradiated with common irradiation paraneters before irradiating themwth
separ at elwodetier7aisped i rradi ati on paraneters. 30l n anot reT/EPRdI0M59380t
according to the present invention, irm each region the at |east one process
performance paraneter and the irradiation paraneters nmay be determ ned
sequentially. Preferably, in this case the |aser irradiation equi pnent
itself will conprise nmeans to neasure a process performance paraneter val ue
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paraneters for that region. WD 2011/ 073082PCT/ EP2010/ 06930
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The method of the present invention may be used for making semiconductor
substrate, such a substrates and devices, an may be applied for example in:
20
- Compensating for crystallinity in a region being out of tolerances, caused by
for example deposition process variability, by recrystallizing the region
- Compensating for defect density in a region being out of tolerances, caused
by for example implantation, by recrystallizing the region
25 - Compensating for strain in a region being out of tolerances by heating and
thereby modifying relaxation in the region.
- Compensating for active dopant concentration in a region being out of
tolerances, by heating the region.
- Compensating for a device parameter (e.g. threshold voltage)being out of
30 tolerances due to dimensional parameter variability, by additionally adapting
the appropriate active dopant concentrations: see example 1.
- Compensating for variations in optical properties of silicon opto-devices.
- Changing alloy composition in contacts by local diffusion in order to

compensate for silicidation process variability.



25- Conpensating for strain in a region being out of tol erances by heating
and thereby nodifying relaxation in the region. Conpensating for active
dopant cowmoentwEsisen in a regi on bei ng out of toleranceeCThpP2010a6930g t he
regi on. Compensating for a device paranmeter (e.g. threshold

vol t age) bei ng out of 30tol erances due to di nensional paraneter variability,
by additionally adapting the appropriate active dopant concentrations: see
exanpl e 1. Conmpensating for variations in optical properties of silicon
opt o-devi ces. Changing alloy conposition in contacts by local diffusion in
order to conpensate for silicidation process variability. WD

2011/ OEOBWIPCE EP2010/ 069300 9 EXAMPLE 1: 5A particul ar exanple of the
present invention is the following: As illustrated in FIG 3, the gate of
sem conductor device is forned by a sequence of processes, nanely

|'i t Bogrphticuttexafifiié B tieoprasaat indengordistheticilbowidgpi ng by ion
I npl antation, stripping and cleaning. Finally a CD neasurenent is perforned
to 10deternmne the gate length critical dinmension. Two key sem conduct or

devi ce QafBaRLRLSINAE dheSHAb b Rhiad YRt iFTorfRd by a sequence of

processes, namely lithography, gate definition including dry etch, doping by ion
implantation, stripping and cleaning. Finally a CD measurement is performed to
10  determine the gate length critical dimension.

Two key semiconductor device parameters are Threshold Voltage (Vro) and Drive
current (Ipsat). V1o is sensitive to variations in a number of parameters, notably gate
length and various doping concentrations, wherein gate length is directly dependent

15 on the as-printed critical dimensions (CD) and the CD-loss due to process variability
of the sequence of gate forming process steps.

Since the doping concentrations influencing the V1o are directly dependent on the
implanted dose and the annealing conditions, the variability in gate CD can be
20 compensated by appropriately varying the laser irradiation conditions, thereby

adapting the appropriate active dopant concentrations.
EXAMPLE 2:

25  As an alternative to a method as described in example 1 wherein the variability in
gate CD is compensated by subsequent laser dopant activation based on previous
CD measurement, variability in gate CD may also be compensated by laser dopant
activation in the n-and p-well regions before forming the gate, based on the
estimation of future gate deposition process variability.
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current (I DsAT). VIO is sensitive to variations in a nunber of paraneters,
notably gate | ength and vari ous dopi ng concentrations, wherein gate | ength
is directwgdapgsment 15on the as-printed critical di nersrmpso10030@and t he
CD-10ss due to process variability of Phe sequence of gate forming process
steps. Since the doping concentrations influencing the VIO are directly
dependent Orblh&'l é_rrpl anted dose and the annealing conditions, the
variability 1 3& e CD can be 20conpensated by appropriately varying the

| aser irradiation conditions, thereby adapting the appropriate active
dopant concentrations. EXAMPLE 2: 25As an alternative to a nethod as

descri bed i nl.eRanpihedifonmakéina seeicenduskir davce eorgatigingithe stapsmiensat ed by

variabi ity i gat coRmsiig Haedh bRl aRe udtel il e SRR BT MR on
in the n- and p-wel bf pe@essstdprf sinehitieaiicagt bhe peeidss gmfemhapaet he

estimation of future gate deposition process variability. WO
2011/ 073082PCT/ EP20R8/ameig0 s defetminessn arregiomel the semyeonrigtergsubstrate,

sem conduct or devic LSl : i : Leonduct or
substrate to a pr ocgggﬂﬁ%gﬁ%@%sete%g;éarﬁcglﬂﬁfaq%?%ﬁ@%gﬁg[%’p‘)az'%%é‘hwﬁ(?rgh at | east
one process perfornpacngerggneter is determned in a region of the
sem conduct or substrate,

characterized in that the irradiation parameters are determined based on

the at least one process performance parameter.

2. A method according to claim 1, wherein the at least one process
performance parameter comprises a dimensional, morphological, or

electrical parameter, or a combination thereof.

3. A method according to claim 2, wherein the at least one performance

parameter comprises a within-substrate non-uniformity parameter.

4. A method according to claims 2 to 3, wherein the at least one process
performance parameter comprises an substrate-to-substrate non-uniformity

parameter.

5. A method according to claim 4, wherein at least two regions of the
semiconductor substrate are irradiated and wherein for each region the

irradiation parameters are separately determined.

6. A method according to claim 5, wherein each region is preliminary
irradiated with common irradiation parameters before irradiating them with

separately determined irradiation parameters.

7. A method according to claims 1 to 6, wherein for each region the at least
one process performance parameter and the irradiation parameters are

determined sequentially.



and irradiating the region with a | aser having | aser irradiation
paraneters; characterized in that the irradiation paraneters are determ ned
based on wbeonto7B@sast one process perfornmance paramnet er PCZ/EPAI0REI300
according to claim1, wherein the at [éast one process performance

paramet er conprises a dinmensional, norphological, or electrical paraneter,
or a conbination thereof. 3. A nethod according to claim2, wherein the at

| east one performance paraneter conprises a within-substrate non-uniformty
paraneter. 4 A HBIRRAGARSFANGOIDAsH @ dvierbM S pabf 6 ifakilgioAt | east one
process performance paraneter conprises an substrate-to-substrate

non- uni f or mi t y ppearagtereis. daermingdttiasad asca farivagded patterinmf4he wih ast anat

| east two regiqpns of t 1. caondu r substrate are irradi ated and wherein
for each regi Oﬁrqqg Sipﬁﬁﬁgﬁﬁﬁaﬁﬁéﬁt ers are separately determned. 6. A
met hod according to claim5, wherein each region is prelimnary irradi ated
Wi th common irradiation paraneters before irradiating themwth separately
det er ni ned i%r Adnathogragsardingte elimB, wharginibe séer of axprsitdtha aims 1 to 6,
wherein for ea i LoGe f r and
the. i rradiat i of iChcgbich FeoetaieaB pice R sRRra s lange Br piod ! 485 B

2011/ 073082PCTiMaR20A10£869310prbLeBs pArforhanck pacmetens detechimietEnh to 6,
wherein a pattern of irradiatiaon a_rama}ers I's, determ neg based on a

p . base
forwar ded patt ERHOBP! theeSPiCOREYSIOp RePY P ESLANR NG SiRMEkINgstatingtiBe. 9. A
Tet hod accor dl RSuib® didhfibfin NEIPhArddrpatd 16 YeRARII0 phitereGrThg o duct or
substrate to a ocess step or sequence of process steps whi ch at | east
one process peldast onepeogessgpartoemansegerametared in a region of the
sem conductor is perfornmed after the step of irradiating the region, and
wherein the forwarded pattern is an estimted pattern of the at |east one
process per fq RBRAEMHRRIRERAIRE to ARy Of RS BBSvaEafhswherdia tR8Yradiafidle above
clains wherein the irradiation paraneters are determ ned by a device CD.
11. A net hod acperameigrs areagstesnineldbyad odevied &lrs, wherein the irradiation
paraneters are determ ned by a dopant concentration and an active dopant
concentration to be achieved in the region. 12. A nethod according to any
of the aboverchAanhshodduiofding tdanyof &k abownclaheneheich tedrrdalaioni ned by
strain and a degree of relaxation to be achieved in the region, 13. A nethod
accordi ng to aRgrasmetereamhdrierpingdy, a @reaei ¢pnasatitipn @natanoactygr amet er s

are determ nedyBya NG rcBhi&RGT B BE BnRTBATH R dfNe" -

12. A method according to any of the above claims, wherein the irradiation
parameters are determined by strain and a degree of relaxation to be

achieved in the region.

13.A method according to any of the above claims, wherein the irradiation

parameters are determined by the thickness of a deposited layer.



