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1.Introduction

The frequency and the number of points of metrolwye ever
been increasing for process outcome confirmatioa tiu the
narrower process windows and the stronger demancdhéo
metrology of process control purposes as welluairiMetrology
(hereafter VM) has been drawing more attention res af the
solutions to this problem.

This report will discuss the intrinsic VM needs dmalv it is

expected to be implemented from manufacturing tipera

perspective and a discussion frame for VM implenaiemt
technology based on the article investigation on &viducted by
Selete.

2.VM technology positioning based on VM article
investigation
Summary of VM technology investigation on the &atic
(presentations) that appeared in APC/APC sympaoaiten2005 is
shown in Table 1. The technology positioning isphically
represented in Figure 2. VM technology positionimgjuires

3.VM Implementation and Challenges

VM functions are divided into 2 categories as shawrig. 2;
data collection, model development and metrologgration. The
corresponding functionalities are summarized ineT&with an
aspect of the relation between the expected funattiems and the
corresponding technologies. Data collection, dagprpcessing,
estimation model development, and estimation medelwal have
strong relation with the expected measurementifunatitems.

Development procedure of the metrology value etitimas
based on statistical data analysis according tarticke investigation
as shown in Table 1. There are some articles tijat @ecessity of
physico chemical modeling in the process.

Table 3 shows the relation between metrology vestienation
model development procedure and the expected daattitems.
Accuracy, repeatability, reproducibility are imott as metrology
technology. It is understood that the chemicalfohysnodel or
equivalent model inclusion is important from tiaislé.

4.Discussion frame that facilitates VM technology

basically 2 aspects; solution provision for producthallenges and  discussion

technologies that enable VM implementation.

2-1. Postioning from solution provison for production
challenges
The driver of the strong VM expectation turns oet the

reduction of time lag from the metrology step tofitm the process

outcome to the timing of feedback to the procegsjaipment. It is
thought important that the metrology data is tarizele available
within a time period given for the process qualdptrol standpoint.

If it is assumed that this symposium is to stavivh dedicated
session in order to encourage more technical distiss it is
necessary to include 6 items of Table 4 into d&ons This will
facilitate more effective and efficient informatiemchange of VM
technology.

Many articles dealt with items #2 and #3 and 2 igagealt with
#4 within the coverage of the investigation.

For #1 it is expected that applied workflow, teeget

This needs can be understood as essentially ezpiivateds as characteristics (process outcome or equipment gsqurformance

the enhancement of metrology affiliated in the esscquality
management layer of the process quality controlratipa
perspective (Fig., 3).

2-2. Positioning from enabling technology sandpoint

adjustment), and to-be requirements are to be ddhltso to
describe what are the boundary conditions ardéotechnology of
interest as much as possible.

For #5 it is expected that model's coverage suéffestive term
and applicable processes or the boundary condiisngell as

VM has to fulfill the technology requirements tisgidorse the tuning cycles are to be discussed. The discontinfithe model

realization of operational desire of 2.1. VM is ested to fulfill the
general requirements as metrology technology.

VM implementation needs to be planned so as tovedeli

metrology data and some kind of needed decisiah#ve shorter

application over the maintenance work on the ecgiirshould be
dealt.

For #6 it is expected that not only the IT systemfiguration is
discussed but the generic requirements such as folateat

time period, consequently, VM is to rely on thersewlata that can glienation and data characteristics extractionrggrqeessing with

be acquired much earlier than from ordinarily metyp data. The

hierarchical process quality assurance is to bie wlifa consistent

source data, in many cases, is not affiliated thithsame process clarity of hierarchical affiliation of source anetrology data.

quality data layer. The algorithm for those metyigle should
measurement estimation across the quality coalyeld. VM can
be, thus as mission wise, defined as “measurerater gstimation
using the source data from the different procesditgjwperation
layer than the estimation so as to provide expeotécome at
earlier timings or more points that are usuallyioed by the real
metrology means

In the future VM will be enabled to provide effeetimetrology
data for those not estimated today such as 3D resasat with the
aid of this same discussion frame, and eventuallllicontribute
more  elaborated semiconductor  production
development.

[END OF TEXT]
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Table.1the article investigation Result on VM

Objectives

Time lag elimination {metrolozy data delivery time reduction)
Electrical characteristics estimation as process quality results
Feduce metrology cost ftool purchase and running cost reduction)
Improve tool utiliztion (Reduce false fail®

Feduce test wafer #

Improve vield {more accurate process control and reduce tool downs?

Table.2 Relation between the expected functional items

and the corresponding technologies

Target process

Plazma etch, depozition, CMP, electro-plating
CWD, Oxidation, Lithoderaphy, RTP

Source data

*MES
*FOC
- RealMetroloey
* Process parametric trace data
{RF power, Pressure, Temparature, Gas flow, stc.)

Preprocessing
of source data

+ Abrormal data filtering, * Unstable data filtering and reduction.
- Averaging, standard diviation, frequency companent analysis, data mining
- Data compression, Data summarization

VM modeling
approaches

Statistical modeling: 8 papers

Principal components: 1 paper

Meural Metwork aproach: 2 papers

PLS method: & papaers

Linear reereszion: 1 paper

Meeds of phvzico-chemical models: 2 papers

Utiloization of
VM output

SPC of WM resultz as well as the real metralogy results
Wh-APC
FDC, remaote dizsgnostics, chamber matching, equipment diagnostics

Model Development

Data Collection: Source data ;| FEstimation Operational
Requirement items PreProcessing Model Rule
Metrology data delivery tin ¥ ¥ b
Trueness ¥ ¥
Precigion ¥
Conformality ¥ ¥
Repeatability ¥
Reproducibility
Gorrection ¥
Bias b
Error . X

Effect

- Tool OEE f{overall equipment efficiency) 5-10% improvement
Feduction of tool monitoring fregency

CAW reduction of 20-40%

Reduction of monitoring wafer and related material reduction
Human productivity improvement az much az 5%

Day—to-day monitoring operation reduction

Others

Data utilization szvtem establizhment far WM

Resultant Data Ulilization

Table.3. Relation between VM Model development and
Expected functional items.

Model development approaches

Statistical model

Physico- chemical moidel

Metrology value

r
| [ apc_|[ _rFDc_| [ _spc |

4

{ | Replace current metrology tools I

L

VM implementatio

Source data

preprocess
explanatony varizbles
—variable raduction

—source data
preprocessing

Data Collection

* Eq data

* Lat histary data

* Process management data
* Environment data

* Externial sensor data

Source data
preprocessing

~data clipping
~representing value
caloulation

—pueraging, std div, eto

Model Development (development operation)

VM enablers (process state estimation)

Modlel Operatien {routine after implementation)

55“'.“"” odel Operation rule
'5|::mhms fh":l\ licabil
—statistical / physico- model applicabilty

coversge
chemical madels ~model renewal rule

Estimation

- Estimated met out
—thickness
—amaunt of etching

Model renewal
“Noritoring
~parameter_renewal
el modification

Cumrent manufacturing challenges

Virtual Metrology may solve

Metrology and inspection
- Gost

=:Capital cost of met tools

=Running cost far met

=Testwafer cost
*TAT issues with metrology

=Met occupies 30-40% of entire process
* Hard-to-measure gualities

Equipment control
-wafer-to-wafer control
= |ess process margin
= multiple products in a lot
+Finer process outcome contral
= smaller device features
= stringent yield improvement
+ Control uncertainty due to time lag in FB

Fig.1.

The VM technology positioning

Circuit performance (speed,

power consumption, etc., )

Product Piloting

Device characteristics (V,, |, etc.,)

Process outcomes
(dimensions, shape, uniformity)

APC

EEQA/QM
(Particle Levels, Fil

Equipment Processing Execution

m Thickness, Etch Rate) |AEC

TEG

Equipment Functional Capability Activity

(Modules

And Parts)

Fl1g.2.

Layers

Process Quality Model Chaining Hierarchical Quality

somrce data from

other than process
quality control layer | { Comment: above is the

"No model is correct, but some
are useful.”

aphorisin for statistical analysis.)

"Modeling" is highly flexible but{Model that provides the
estimation based on lacks reasoninig

reasoning

Acowacy Depends on the variability of the[Valid so long as the reactions
sorce data for the process rewain same

Repeatability Valid so long as the paprent [Valid so long as the reactions
population remains unchanged [for the process remain same
upon process setfing change

Reproducibility Valid so long as the paprent [Valid so long as the reactions

population remains umchanged
upon process setting change

for the process remain same

Table.4 Discussion frame that facilitates VM technology

discussion
# Expectation Contents
1 (Mission Puasitionag of the VI techoalogy i the paper
(v 12t bive ke WM nather thm veal etrology?
What opesetion of manufheturing is VHE resuct intemded to be applied?
(AECIAPClor ecupmment perforforancs adusting?)
2 |Pogitoning Positioning of the YA technology in the paper to show which Jayer of pocess

quality asswance i extimated using dafa come fom which kyer

3 [Vahdaton of estmation

Conformance vahdation of "] resttant data & metology

4 (Model validson

Physieo-Chemisto mode] validation of reation modeling validshon

b (Effective tme pennd of models

Reproducthlity
Deployability

Model applicability coverage

(equpment, equpment types, tme perind, maintenance event dependances)
Examples

*Lateral deployment to the other tooks

*Model coefticients effective time of penod

*Model applicability acrose such events & equipment maitenance

6 |implementation  common
requrement | data dow)

Sowrce dafs requrements, repuing difa frmat (tems and stuchoel,
nrepioceszing methods




