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(57) ABSTRACT 

A method that is sensitive to lattice damage (also called 
“primary method”) is combined With an additional method 
that independently measures one of tWo parameters to Which 
the primary method is sensitive namely dose and energy. In 
some embodiments, the additional method is sensitive to 
dose, and in tWo such embodiments 4PP and SIMS are 
respectively used to measure dose (independent of energy). 
In other embodiments, the additional method is sensitive to 
energy, and in one such embodiment SIMS is used to 
measure energy (independent of dose). Use of such an 
additional method resolves an ambiguity in a prior art 
measurement by the primary method alone. The tWo meth 
ods are used in combination in some embodiments, to 
determine adjustments needed to match tWo or more ion 
implanters to one another or to a reference ion implanter or 
to a computer model. 
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MATCHING DOSE AND ENERGY OF MULTIPLE 
ION IMPLANTERS 

CROSS-REFERENCE TO PARENT 
APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/779,072 ?led Feb. 13, 2004 Which is 
incorporated by reference herein in its entirety. 

BACKGROUND 

[0002] In the processing of a semiconductor Wafer to form 
integrated circuits, charged atoms or molecules (such as 
arsenic, boron or phosphorous) are directly introduced into 
the Wafer to create doped regions, in a process called ion 
implantation. FIG. 1A illustrates a pro?le that has been 
calculated for a typical implant: Arsenic at a nominal energy 
of 2 keV and dose of 1><10l5 atoms/cm2. As shoWn in FIG. 
1A, a depth range of 5.8 angstroms is obtained for a 200 eV 
energy range, i.e. about 35 eV/angstrom. Note that greater 
energy results in a deeper distribution. Note also that an 
increase in dose increases the height of the distribution, if 
energy is constant. Moreover, an increase in dose increases 
the depth, if concentration is constant. 

[0003] Ion implantation normally causes damage to the 
lattice structure of the Wafer. Speci?cally, in the implanta 
tion process, silicon atoms are knocked out of the lattice, and 
result in vacancies. To remove such lattice damage, the 
Wafer is normally annealed at an elevated temperature, 
typically 600° C. to 11000 C. Prior to annealing, material 
properties of the doped regions (such as the concentration of 
the implants and the depth of the implants) may be mea 
sured. 

[0004] In an implant metrology tool, secondary ion mass 
spectrometry (SIMS) can be used to determine the pro?le of 
the ion implants (i.e. their concentration as a function of 
depth from the Wafer surface). The depth of the pro?le (at a 
nominal dose) indicates a measure of the energy used in the 
ion implantation process. The area under the pro?le is a 
measure of the dose of the ion implants. FIG. 1B illustrates 
a SIMS measurement of concentration as a function of depth 
from several implanted Wafers using the above-described 2 
keV and 1><10l5 atoms/cm2 process (see paragraph [0001] 
above). In FIG. 1B, the x axis shoWs the depth in nanom 
eters and the y axis shoWs the concentration/cm3 (in atoms/ 
cm2). Note that the deepest and shalloWest curves in FIG. 
1B are from tWo Wafers that have been processed by a single 
ion implanter. Since the energy of the ion implanter is better 
controlled than dose, the energy should be constant, and for 
this reason, the SIMS process appears to have a depth 
resolution no better than 1 angstrom, corresponding to :35 
eV of energy. 

[0005] The SIMS process involves bombarding the Wafer 
With atoms (e. g., oxygen atoms) Which collide With atoms on 
the Wafer surface and cause the atoms to be ejected from the 
surface (i.e., sputtering). During the energy transfer process, 
a small fraction of the ejected atoms leave as either posi 
tively or negatively charged ions Which are collected by the 
mass spectrometer. The ion yield of the Wafer is measured 
and a linear dependence betWeen the ion yield and the 
doping concentration is used to determine the pro?le. Since 
material is sputtered form the processed Wafer, causing 
damage to the sputtered region and re-deposition on nearby 
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regions, the test is destructive and cannot be performed on 
production Wafers during semiconductor Wafer fabrication. 

[0006] Another implant metrology tool uses a four point 
probe (4PP) arrangement. Speci?cally, the 4PP arrangement 
contacts the Wafer’s surface With four probes arranged in a 
straight line. TWo outer-most probes are used to establish a 
How of current through the implanted layer, While the tWo 
inner probes are used to measure a voltage drop. The 
measured voltage is used to deduce the sheet resistance and 
hence conductivity of the implanted layer and hence the 
dose. Note that the 4PP arrangement is insensitive to energy 
used in the ion implantation process. The probes must make 
contact With the Wafer surface, Which is considered a 
destructive process. Also, the measurement needs a large 
open area of several square millimeters. For these reasons, 
the 4PP technique is not normally used for process control 
on production Wafers during semiconductor Wafer fabrica 
tion. 

[0007] There are several implant metrology tools that 
measure the damage to the lattice structure in a non-contact 
manner Which is essential to monitor and control the fabri 
cation of Wafers. For example, a brochure entitled “TP-500: 
The next generation ion implant monitor” dated April, 1996 
published by Therma-Wave, Inc., 1250 Reliance Way, Fre 
mont, Calif. 94539, describes an implant metrology tool 
called “TP-500” that requires “no post-implant processing” 
(column 1, lines 6-7, page 2) and that “measures lattice 
damage” (column 2, line 32, page 2). The TP-500 includes 
“[t]Wo loW-poWer lasers [that] provide a modulated re?ec 
tance signal that measures the subsurface damage to the 
silicon lattice created by implantation. As the dose increases, 
so does the damage and the strength of the TW signal. This 
non-contact technique has no harmful effect on production 
Wafers” (columns 1 and 2 on page 2). Such a TW signal is 
believed to be the result of carrier Waves as described in one 
or more of the following US. patents all of Which are 
incorporated by reference herein in their entirety, namely 
US. Pat. No. 5,042,952 granted to Opsal et al., US patent. 

[0008] Damage to the lattice structure can also be evalu 
ated in a non-contact manner by illumination of carriers 
Without creating Waves by use of another implant metrology 
tool called “BX-10” that is available from Applied Materi 
als, Inc., 3050 BoWers Avenue, Santa Clara, Calif. 95054. 
Carrier illumination is brie?y described in US. Pat. No. 
6,656,749 granted to Paton et al. Which is incorporated by 
reference herein in its entirety. This patent suggests detect 
ing the depth of the source/drain region using a loW poWer 
laser to excite carriers in the active silicon and a second laser 
to illuminate the surface. Through use of interferometry, the 
difference in index of refraction betWeen silicon With excited 
carriers and silicon With non-excited carriers is to be deter 
mined. From the di?‘erence in index of refraction, a mea 
surement as to the depth of the activated source/drain 
regions is to be made. Carrier illumination methods may also 
be performed as described in each of the following US. 
patents all of Which are incorporated by reference herein in 
their entirety, namely US. Pat. No. 6,489,801, US. Pat. No. 
6,426,644, and US. Pat. No. 6,483,594 and US. Pat. No. 
6,323,951. 

[0009] The above-described non-contact methods appear 
(to the inventor of the current invention) to have the fol 
loWing draWback. Speci?cally, to the extent such methods 
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are based on measuring the damage to the lattice (i.e. the 
vacancy concentration), the inventor notes that the damage 
is a function of both dose and energy used during ion 
implantation. The inventor further notes that higher energy 
or higher dose, each creates a greater number of vacancies. 
For this reason, a change in a signal measured by the 
lattice-damage sensitive methods can indicate a change in 
either energy or dose (Without being able to distinguish 
therebetWeen). Hence, an error in dose is easily confused 
With an error in energy When using a lattice-damage sensi 
tive method. 

[0010] US. Pat. No. 5,862,054 Which is incorporated by 
reference herein in its entirety describes a method to monitor 
process parameters from multiple process machines to pro 
vide real time statistical process control. In this patent, the 
particular implementation Was derived from ion implanta 
tion of Wafers, but has Wide applicability Where there are a 
number of process machines having a number of process 
parameters and close continuous sampling of data is 
required. The process parameters are collected on a single 
computer over a single RS 485 network, and each param 
eters is analyZed and displayed separately for each process 
and process machine. Statistical variables like Cp and Cpk 
arc calculated and presented on the computer screen along 
With graphs of the various parameters for a particular 
process machine. Data is aged out of the computer to an 
archival data base under the control of a manufacturing 
information system and connected to a company Wide 
network. 

[0011] US. Pat. No. 6,408,220 Which is incorporated by 
reference herein in its entirety describes a a manufacturing 
environment for a Wafer fab, and a statistical process control 
(SPC) environment for setting control limits and acquiring 
metrology data of production runs. A computation environ 
ment processes the SPC data, Which are then analyZed in an 
analysis environment. A manufacturing execution system 
(MES) environment evaluates the analysis and automati 
cally executes a process intervention if the process is outside 
the control limits. 

SUMMARY 

[0012] In accordance With the invention, a method (also 
called “primary method”) that is inherently sensitive to tWo 
parameters of a Wafer fabrication process, is used With an 
additional method that independently measures at least one 
of the tWo parameters. Speci?cally, in some embodiments, 
measurements made by the primary method and the addi 
tional method are used together to match to one another 
multiple apparatuses each of Which implements the Wafer 
fabrication process, so that all apparatuses perform the Wafer 
fabrication process in an identical manner. After matching, 
Wafers produced by the multiple apparatuses have identical 
values for the tWo parameters, regardless of the apparatus 
that Was used. 

[0013] In several embodiments of the invention, the appa 
ratuses are ion implanters and the primary method is sensi 
tive to lattice damage, and hence it is inherently sensitive to 
both dose and energy. In some embodiments, the additional 
method is sensitive to dose of implants and in one such 
embodiment a four point probe (4PP) apparatus of the type 
described above is used to measure dose (independent of 
energy). Use of the additional method resolves an ambiguity 
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in the prior art measurement by use of the primary method 
alone, Which as noted above is inherently sensitive to both 
parameters (dose and energy). 

[0014] The tWo methods are used in combination to deter 
mine adjustments needed to match tWo or more ion implant 
ers as folloWs. Speci?cally, in some embodiments, a ?rst 
Wafer that has been implanted by an ion implanter is 
evaluated using the additional method, to obtain a measure 
ment indicative of dose. Next, an adjustment to be made in 
the dose is determined based at least on (a) the just-described 
measurement and (b) a predetermined value for the dose as 
used in implanting the ?rst Wafer. Then the dose on the ion 
implanter is changed by the just-described adjustment. 

[0015] Next, a second Wafer is implanted by the ion 
implanter Which has been adjusted as described above. 
Then, the second Wafer is evaluated using the primary 
method (Which as noted above is sensitive to dose and 
energy). Then an adjustment in energy is determined based 
at least on (a) a second measurement obtained from evalu 
ation of the second Wafer by the primary method and (b) a 
predetermined value of energy used in the ion implanter 
When implanting the second Wafer. Then the energy setting 
in the ion implanter is changed by the just-described adjust 
ment. 

[0016] The above-described process may be repeated for 
any number of ion implanters, to match several ion implant 
ers to one another (because all such implanters are matched 
to predetermined values of dose and energy). Moreover, the 
primary method and the additional method may be cali 
brated on an ion implanter Which acts as a reference (in 
Which case all other ion implanters are adjusted to the 
reference implanter). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1A is a graph shoWing a calculated depth 
pro?le for a typical implant in the prior art. 

[0018] FIG. 1B is a graph of the depth pro?le in nanom 
eters as measured by use of SIMS in the prior art. 

[0019] FIG. 2 illustrates, in a block diagram, various 
Wafer fabrication devices and metrology tools used in some 
embodiments of the invention. 

[0020] FIGS. 3A and 3B illustrate, in graphs, measure 
ments obtained from a dose-sensitive method that deter 
mines sheet resistance, and a lattice-damage sensitive 
method respectively for a set of reference Wafers implanted 
at nominal energy but at di?ferent doses, in accordance With 
the invention. 

[0021] FIG. 4 illustrates, in a How chart, acts performed 
by an embodiment of the invention to match tWo or more ion 
implanters in a semiconductor Wafer fabrication facility. 

[0022] FIGS. 5A and 5B illustrate use of the graphs of 
FIGS. 3A and 3B When performing the method of FIG. 4. 

[0023] FIG. 6 illustrates, in a graph, energy response of 
the lattice-damage sensitive method in one illustrative 
embodiment of the invention. 

DETAILED DESCRIPTION 

[0024] A method that is sensitive to lattice damage (also 
called “primary method”) is used, in accordance With the 
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invention, With an additional method that independently 
measures either dose or energy. In some embodiments, the 
additional method is sensitive to dose, and in tWo such 
embodiments 4PP and SIMS are respectively used to inde 
pendently measure the dose. In other embodiments, the 
additional method is sensitive to energy, and in one such 
embodiment SIMS is used to independently measure energy. 
Regardless of Which parameter (dose or energy) is measured 
by the additional method, use of the additional method 
resolves an ambiguity in use of primary method alone (due 
to its sensitivity to both dose and energy). 

[0025] In one particular embodiment, a computer 200 
(FIG. 2) is programmed to use a dose-sensitive method and 
a lattice-damage sensitive method to match the dose and 
energy of multiple ion implanters 211, 212 and 213 as 
folloWs. Note that although only three ion implanters are 
illustrated in FIG. 2, any number of such ion implanters (or 
other such Wafer fabrication devices) may be matched as 
described herein. Note also that these implanters may be at 
a common facility, or may be at tWo or more fabrication 

lines. Depending on the embodiment, such fabrication lines 
may be in the same geographic location (eg Hsin-Chu, 
TaiWan), or in different geographic locations (e.g. anyWhere 
in the World). 

[0026] Initially, an ion implanter 211 is designated as a 
reference. A set of Wafers 230 (say ?ve Wafers) are thereafter 
implanted (as per act 401 in FIG. 4) using this reference 
implanter 211 at a constant energy (say 2 keV) but at 
progreslsively greater doses (say 0.8, 0.9, 1.0, 1.1 and 
1.2><10 atoms/cm2). The implanted set of Wafers 230 (also 
called “reference Wafers”) are thereafter evaluated (as per 
act 402 in FIG. 4) using each of tWo implant metrology tools 
221 and 222 (FIG. 2) that are respectively sensitive to dose 
and to lattice damage. 

[0027] Speci?cally, FIG. 3A illustrates, in a graph, data 
obtained during evaluation of reference Wafers 230 by 
implant metrology tool 221 (FIG. 2) Which uses the above 
described additional method that is dose sensitive indepen 
dent of energy (and may be based on any conventional dose 
measurement technique such as 4PP or SIMS). In the 
example of FIG. 3A, tool 221 contains a 4PP dose mea 
surement technique of the type described above in the 
Background section, but it Will be apparent to the skilled 
artisan that a different dose measurement technique (such as 
SIMS) is used in alternative embodiments of tool 221. FIG. 
3B illustrates, also in a graph, data obtained during evalu 
ation of the reference Wafers by implant metrology tool 222 
(FIG. 2) Which uses the above-described primary method 
that is sensitive to lattice damage (and hence sensitive to 
both dose and energy). Tool 222 may be based on any 
conventional technique sensitive to lattice damage such as a 
carrier illumination or alternatively a carrier Wave method. 
The data illustrated in FIGS. 3A and 3B is also referred to 
herein as “calibration” data. 

[0028] Next, in the just-described embodiment shoWn in 
FIG. 2, another ion implanter 212 (also called the “second” 
implanter) that is to be matched to the reference implanter 
211 is used to implant a Wafer 231 (also called “dose 
calibration Wafer”), as illustrated by act 403 in FIG. 4. 
During implantation by the second implanter 212, the 
above-described constant energy (say 2 keV) is again used, 
and the dose knob is nominally set to the middle of the range 
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of doses used With the reference implanter 211 (say 1.0><10l5 
atoms/cm2). Next, the dose-calibration Wafer 231 is evalu 
ated (as per act 404 in FIG. 4) in implant metrology tool 221 
using the dose-sensitive method (e.g. 4PP or SIMS). 

[0029] The measurement from the dose-sensitive method 
is then used With above-described data (also called “cali 
bration” data) from reference Wafers (for the dose-sensitive 
method) to look up the dose (this looked-up dose is noW in 
accordance With the reference implanter 211). Speci?cally, a 
measurement 501 from tool 221 is illustrated in FIG. 5A as 
being used to look up the dose as being 0.85><10l5 atoms/ 
cm2. Note that the graph in FIG. 5A is identical to the graph 
in FIG. 3A, and a separate ?gure is provided for conve 
nience in illustrating lookup, and an adjustment Which is 
discussed beloW. 

[0030] Such a lookup may be performed manually in some 
embodiments, although it may also be performed by a 
computer. In the embodiment illustrated in FIG. 2, a com 
puter 200 is coupled to implant metrology tool 221 to 
receive therefrom the dose measurement 501, and further 
more computer 200 contains the data illustrated in FIG. 3A 
Which is used to identify the looked-up dose. 

[0031] Next, as per act 405 in FIG. 4, a dose adjustment 
is determined, eg as the difference betWeen the looked-up 
dose (in this example of 0.85><10l5 atoms/cm2) and a nomi 
nal dose (in this example of 1.0><10l5 atoms/cm2) that Was to 
have been delivered as per the dose setting in second 
implanter 212. Then, the second implanter 212 is adjusted as 
per act 406 in FIG. 4, in the amount of the dose adjustment 
502 (FIG. 5A). Note that in this example, dose adjustment 
502 has the value 0.15><10l5 atoms/cm2. After such adjust 
ment of second ion implanter 202, tool 221 shoWs a change 
504 in measurement on Wafers henceforth prepared by 
implanter 212. Hence, the tWo implanters 211 and 212 
henceforth deliver identical doses (i.e. Wafers implanted in 
either implanter Will have the same dose, as indicated by the 
measurement 503 in FIG. 5A). 

[0032] At this stage, a dose knob on the second implanter 
212 has been offset from the nominal dose (as indicated on 
the second implanter) by the just-described difference 
amount. In the above-described example, since the looked 
up dose of 0.85><10l5 atoms/cm2 is loWer than the nominal 
dose 1.0><10l5 atoms/cm2, the dose knob of the second 
implanter 212 is noW set at an increased setting, i.e. noW 
appears to be implanting 1.15><10l5 atoms/cm2 (Which is 
greater than the nominal dose by the difference amount). 
HoWever, in actual fact both implanters 211 and 212 here 
inafter impart the same identical dose (i.e. the nominal dose 
as per the reference implanter) to all Wafers processed 
therein. 

[0033] Next another Wafer 232 (also called “energy-cali 
bration Wafer”) is implanted as per act 407 in FIG. 4 using 
the second implanter 212. Then the energy-calibration Wafer 
232 is evaluated as per act 408 in FIG. 4, in the other 
implant metrology tool 222 Which uses a lattice-damage 
sensitive method. A measurement 511 from implant metrol 
ogy tool 222 is then used With calibration data from refer 
ence Wafers (for the damage-sensitive method) to identify a 
change to be made to the second ion implanter 212 in order 
to match its energy to the energy of the reference ion 
implanter 211. 
[0034] Speci?cally, When the measurement 511 is used 
With the dose line 513 for tool 222, as shoWn in FIG. 5B, the 
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dose appears to be 1.2><10l5 atoms/cm2 in the reference 
frame of the reference implanter 211. However, due to the 
dose adjustment 502 Which has been already made, the dose 
is in fact only 1.0><10l5 atoms/cm2 and it is the energy of 
implanter 212 that needs to be adjusted. The adjustment in 
energy should be sufficient to obtain measurement 512 from 
tool 222 (because 512 is the measurement that should be 
obtained for a dose of 1.0><10l5 atoms/cm2). The amount of 
energy adjustment to be done to obtain a measurement 512 
(FIG. SE) from a Wafer processed by the second ion 
implanter 212 may be determined either by trial and error, or 
from additional calibration data. In the above described 
example, a 2 keV implant of Arsenic results in a 95 angstrom 
depth, and the signal is 31,000 uV, and the response is 326 
uV/angstrom. If the slope of the energy-depth calibration 
from a computer program (commonly knoWn as “TRIM 
model”) is 35 eV/angstrom, then the adjustment is 0.107 
eV/uV. Note that the TRIM model uses a Monte Carlo 
method to calculate scattering of implant ions in amorphous 
targets to shoW the depth of the ion implant distribution. For 
example, the TRIM model is run for a set of As implant 
energies of 1900, 1950, 2000, 2050 and 2100 eV. The depth 
range is found to be 5.84 A, and the energy-depth calibration 
is (2100-1900 eV)/5.84 A=200 eV/5.84 A=35 eV/A. 
[0035] Assume that the difference betWeen values 511 and 
512 is 2000 uV, then this difference may be multiplied by the 
slope of the energy curve (Which is shoWn in FIG. 6 and 
discussed beloW) In this example, the implanter energy 
needs to be reduced by 2000 uV><0.107 eV/uV=214 eV in 
order to match the dose curves. This energy adjustment 
drops original line 513 in FIG. 5B so that value 511 
intersects the neW line 514 at a dose of 1.0><1015. 

[0036] FIG. 6 illustrates, in a graph the signal response ot 
tool 222 as a function of energy, assuming the dose is kept 
constant. Such a graph may be obtained in the manner 
described above for FIG. 3A, namely by use of a number of 
Wafers that are implanted at different energy levels (eg 
1000 eV, 1500 eV, 2000 eV, 2500 eV and 3000 eV), While 
keeping dose at a ?xed level of, for example, 1.0><10l5 
atoms/cm2. The slope of such a graph (e.g. 0.107 uV/eV) is 
used in some embodiments, as noted above, to identify the 
amount of energy adjustment to be done to implanter 212 so 
as to match it to implanter 211. 

[0037] Such additional calibration data may, for example, 
relate measurements from tool 222 to corresponding energy 
levels (not shoWn, but the graph Would be similar to FIG. 3B 
except that on the x-axis the dose values are replaced by 
energy values). Alternatively, the additional calibration data 
may relate the dose values (as shoWn on the x-axis in FIG. 
3B) to energy values, so that after a dose value of 1.2><10l5 
atoms/cm2 is found from measurement 511, a corresponding 
energy value e. g. 214 eV is found from the additional 
calibration data. 

[0038] Next, as shoWn by act 410 in FIG. 4, the energy of 
second implanter 212 is adjusted in the amount of the energy 
adjustment, so that henceforth the tWo implanters 211 and 
212 deliver the same dose and also the same energy. At this 
stage an energy knob of the second implanter 212 is no 
longer at nominal energy, but is offset therefrom due to a 
difference in nominal energy imparted by the tWo implant 
ers. 

[0039] Such a method may be repeated if there are any 
additional ion implanters (such as implanter 213) that need 
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to be matched to the reference ion implanter 211, as illus 
trated by the “no” branch out of act 411 in FIG. 4. Ion 
implanters 211-213 after being matched as described herein 
can be used to paralleliZe the ion implantation process, eg 
to mass produce Wafers having identical implants (relative to 
one another, i.e. regardless of the ion implanter that has been 
used). Alternatively, a Wafer that is to be implanted by 
implanter 211 may instead be implanted by implanter 212 or 
implanter 213 depending on Which of them is available, 
Without making the Wafer Wait for implanter 211 to become 
available. This is called implanter matching, and alloWs the 
factory to run more ef?ciently, because all implanters deliver 
exactly the same process, so that any available implanter can 
be used to run a process. 

[0040] Note that, the just-described method may be 
repeated after Waiting for some time (as per the “yes” branch 
of act 411 and act 412) to re-align implanters 211-213 to one 
another, for example in case they drift aWay during Wafer 
fabrication, or in case maintenance Work Was done on an 
implanter. The duration of Waiting in act 412 depends on 
speci?c characteristics of the ion implanters and is deter 
mined by trial and error. Such a Waiting period may be based 
either on a ?xed time interval or on the number of Wafers 
that have been processed or any other appropriate measure 
of usage of ion implanters. 

[0041] In one speci?c embodiment, the energy resolution 
(FIG. 5B) is at least an order of magnitude better than the 
prior art method based on SIMS. Such an order of magnitude 
improvement over the prior art provides a critical advantage 
in advanced implants Wherein the energy sets the junction 
depth, permitting very tight energy control. Moreover, this 
speci?c embodiment has another advantage Which is that a 
SIMS based implant metrology tool is not often readily 
available Whenever tWo or more ion implanters need to be 
matched. The method of the type illustrated in FIG. 4 avoids 
the need for a SIMS tool for matching ion implanters, by use 
of the 4PP arrangement during act 402, Which is folloWed by 
performance of act 408, for example using BX-10 (Which is 
described in the Background section above). 

[0042] In an embodiment that performs the method of 
FIG. 4, one ion implanter, namely the reference ion 
implanter 211 is not adjusted at all (because all other ion 
implanters are adjusted to it). In an alternative embodiment, 
an ion implanter that is physically located in a semiconduc 
tor Wafer fabrication facility is not used as a reference. 
Instead, the primary method and the additional method are 
calibrated to nominal values for dose and energy that are 
computed, for example, from a computer model (in Which 
case the computer model serves as the reference instead of 
using the reference implanter). In such an embodiment, all 
ion implanters that need to be matched are adjusted. 

[0043] In some embodiments, one or more Wafers that are 
implanted by the reference implanter 211 at the time it is 
originally calibrated (for a given implant process) are stored 
aWay unprocessed in order to provide a standard for future 
calibrations. For example, one of the above-described ref 
erence Wafers Which already has the nominal dose of 10x 
1015 atoms/cm2 and nominal energy of 2 keV for the current 
implant process may be kept unprocessed (and is hereinafter 
referred to as a “golden Wafer”). If such a reference Wafer (at 
the nominal energy and nominal dose) doesn’t exist, then it 
is created on reference implanter 211. Thereafter, the 
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matched ion implanters (including the reference implanter) 
are used in the normal manner to process Wafers (called 
“production Wafers”) While the golden Wafer remains 
unprocessed. The golden Wafer is saved aWay to provide a 
snapshot of dose and energy settings Within the reference 
implanter 211 at the time of original matching of ion 
implanters for the current implant process (e. g. When act 402 
of FIG. 4 is ?rst performed). 

[0044] At any time in future, such a golden Wafer may be 
used in the above-described manner to adjust one or more 

ion implanters back to their original values, eg to perform 
act 403 directly after act 412 (FIG. 4). Therefore, one or 
more golden Wafers that are not processed any further (i.e. 
additional steps to form integrated circuit dice are not 
performed thereon), are used in some embodiments to match 
a given implant process across a period of time. 

[0045] Creation and use of golden Wafers ensures that the 
current implant process is repeatably performed at any time 
in future in an identical manner to the past, even if the 
reference ion implanter itself drifts from its original settings, 
is used for a different implant process in the interim, or loses 
its original calibration because of maintenance Work. Re 
creation of a current process at any time in future becomes 
possible because even the reference ion implanter may be 
appropriately adjusted for dose and energy in embodiments 
of the type described above, simply by use of a golden Wafer. 

[0046] Therefore, in some embodiments, one or more 
golden Wafers are used to match only the reference 
implanter to its original settings (i.e. the entire matching 
method is performed only on a single ion implanter, namely 
the reference ion implanter). In such embodiments, act 411 
(FIG. 4) is not performed, act 412 is performed betWeen acts 
402 and 403, and acts 403-410 are performed on the 
reference ion implanter at the current time (Which is treated 
as the second ion implanter). 

[0047] Note that such golden Wafer(s) (Which contain a 
snapshot of dose and energy implanted therein) can also be 
used to re-create a current process at any Wafer fab, at any 
location (i.e. anyWhere in the World) because such golden 
Wafer(s) can be quickly and easily transported to any loca 
tion. Thus use of golden Wafers alloWs ?exible performance 
of a current process at any geographic location and also at 
any point in time. 

[0048] Identity betWeen dose and energy values in the past 
and in the future are not required in some embodiments, eg 
if a current process Will never need to be performed in 
future, eg if a neW version of the current process is to be 
performed. In such a case, “golden Wafers” are not required 
to be kept across multiple version of the process. Instead, 
after act 412, the entire process is repeated by returning to 
act 401 (i.e. instead of returning to act 403, reference Wafers 
are again prepared in act 401, in order to match ion implant 
ers to one another once again). 

[0049] Although one or more golden Wafers are described 
above as being prepared at nominal dose and nominal 
energy, other embodiments may use golden Wafers at dose 
and energy levels that are different from the nominal dose 
and nominal energy, eg at one or more predetermined sets 
of dose and energy levels that are Within upper and loWer 
limits for a given process (e. g. approximately in the middle). 

[0050] Note that in FIG. 5A, the direction of an arroWhead 
from a measurement illustrates the direction in Which a 
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lookup is performed in an illustrative embodiment of the 
invention. More speci?cally, FIG. 5A illustrates the manner 
in Which starting from measurement 501 a lookup is per 
formed to obtain the value 503 Which is then used to 
compute the dose adjustment 504. Note hoWever, that other 
embodiments may store and use such data in other forms, 
such as a tabular form instead of a graph. 

[0051] Numerous such modi?cations and adaptations of 
the embodiments and examples described herein are encom 
passed by the attached claims. 

What is claimed is: 
1. A method of adjusting an ion implanter, the method 

comprising: 
evaluating a ?rst Wafer using a ?rst method that is 

sensitive to a ?rst parameter selected from a group 
consisting of dose and energy, the ?rst method mea 
suring the ?rst parameter independent of a second 
parameter in said group; 

determining a ?rst adjustment in the ?rst parameter based 
at least on a ?rst measurement obtained from said 

evaluating of ?rst Wafer; 

evaluating a second Wafer using a second method that is 
sensitive to both the ?rst parameter and the second 
parameter, Wherein the second Wafer is implanted by 
said ion implanter after said ?rst adjustment is made; 
and 

determining a second adjustment in the second parameter 
based at least on a second measurement obtained from 
said evaluating of the second Wafer. 

2. The method of claim 1 Wherein: 

the ?rst parameter is dose and the second parameter is 
energy. 

3. The method of claim 2 Wherein: 

the ?rst method uses a four point probe (4PP) apparatus 
to measure dose during said evaluating. 

4. The method of claim 2 Wherein: 

the ?rst method uses secondary ion mass spectrometry 
(SIMS) to measure dose during said evaluating. 

5. The method of claim 2 Wherein: 

the second method uses a carrier Wave. 

6. The method of claim 2 Wherein: 

the second method uses carrier illumination. 
7. The method of claim 2 Wherein the ion implanter is 

hereinafter “second ion implanter” and the method com 
prises: 

using a ?rst ion implanter to implant a plurality of 
reference Wafers at a corresponding plurality of doses; 

evaluating the reference Wafers using the ?rst method to 
obtain calibration data for the ?rst method; 

evaluating the reference Wafers using the second method 
to obtain calibration data for the second method; 

before said evaluating of the ?rst Wafer, implanting the 
?rst Wafer by using the second ion implanter set to said 
predetermined value of the ?rst parameter; 

Wherein said determining of ?rst adjustment comprises 
using the ?rst measurement With the calibration data for 
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the ?rst method to determine a ?rst dose, and compar 
ing said ?rst dose With said ?rst measurement to 
identify said ?rst adjustment; 

making the ?rst adjustment on the second ion implanter; 
and 

before said evaluating of the second Wafer, implanting the 
second Wafer With the second ion implanter after said 
?rst adjustment is made; 

Wherein said determining of second adjustment comprises 
using the second measurement With the calibration data 
for the second method to identify said second adjust 
ment. 

8. The method of claim 1 Wherein: 

the ?rst parameter is energy and the second parameter is 
dose. 

9. The method of claim 8 Wherein: 

the ?rst method uses secondary ion mass spectrometry 
(SIMS) to measure energy during said evaluating. 

10. The method of claim 9 Wherein: 

the second method uses a carrier Wave. 

11. The method of claim 9 Wherein: 

the second method uses carrier illumination. 
12. The method of claim 1 further comprising: 

implanting the ?rst Wafer With the ion implanter before 
said evaluating of the ?rst Wafer; 

making the ?rst adjustment on the ion implanter; and 

implanting the second Wafer With the ion implanter after 
said ?rst adjustment is made. 

13. The method of claim 1 Wherein: 

the ?rst method uses a dose measurement technique 
during said evaluating. 

14. The method of claim 1 further comprising: 

using said ion implanter at nominal dose and nominal 
energy to implant a third Wafer; 

storing the third Wafer unprocessed While implanting a 
plurality of Wafers using said ion implanter at nominal 
dose and nominal energy and further processing said 
plurality of Wafers; 
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Wherein said evaluatings and determinings are performed 
subsequent to said storing; and 

Wherein at least one of said determinings uses calibration 
data from said third Wafer. 

15. A method of adjusting an ion implanter, the method 
comprising: 

evaluating a ?rst Wafer using a dose-sensitive method; 

determining an adjustment in dose based on (a) a mea 
surement obtained from said evaluating of ?rst Wafer, 
(b) calibration data for the dose-sensitive method, and 
(c) a dose used by an ion implanter in implanting the 
?rst Wafer; 

evaluating a second Wafer using another method that is 
sensitive to both dose and energy, Wherein the second 
Wafer is implanted by said ion implanter after said 
adjustment in dose is made; and 

determining an adjustment in energy for said ion 
implanter based at least on another measurement 
obtained from said evaluating of second Wafer. 

16. A system for matching a plurality of ion implanters to 
one another, the system comprising: 

a ?rst implant metrology tool sensitive to dose of implants 
in a ?rst Wafer; 

a computer, coupled to the ?rst implant metrology tool, 
the computer being programmed to determine a dose 
adjustment, based at least on (a) a ?rst measurement of 
dose from the ?rst implant metrology tool and (b) a 
predetermined value of dose in an ion implanter used to 
implant the ?rst Wafer; 

a second implant metrology tool sensitive to dose and 
energy of implants; 

Wherein the computer is further coupled to the second 
implant metrology tool, and the computer is further 
programmed to determine another adjustment to said 
ion implanter, based at least on (a) a second measure 
ment obtained from evaluation of a second Wafer by the 
second implant metrology tool and (b) a predetermined 
value of energy used in said ion implanter to implant 
the second Wafer after said dose adjustment. 

* * * * * 


