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The Semiconductor Industry with the 21st Century Just a Few Years
Away and Its Expectations for Measurement Technology
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Never in the past has a single industry produced over 10 percent of the GDP of the country
in which it operates. However, the semiconductor industry is expected to pass the mark in
the coming 21st century. Can this be true? What hurdles have to be cleared to attain this
goal? What roles do measurement instrument makers have to play? These are the questions
we would like to have answered soon.

Mr. Bujiro Kobayashi, an advisor to Mitsubishi Electric Co. and one of the leaders of the
semiconductor industry in Japan, was interviewed by Katsuya Tsuji, Horiba’s General
Manager in charge of Semiconductor Systems.
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Guest Article
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The Trends in Semiconductor Process Control
in the Next Generation Devices

Patricia GABELLA “
O o SEMI/SEMATECH, U.S.A.00

In 1965, Intel co-founder, Dr. Gordon Moore made the prediction that the number of transistors on processors
would double every two years, and the semiconductor industry has marched to the beat of his prediction ever since.
Since 1970, semiconductor technology advances have led to 30% annual declines in the price of microprocessor
performance (measured in one million instructions per second (MIPS)). No other industry has achieved such
technological success. Over the last 10 years alone, the semiconductor industry has grown at rate of 15.7%, almost
three time that of the the U.S. economy. Capital spending for the last 10 years is eight times greater for the
semiconductor industry than other high technology areas.

The 1997 revision of the National Technology Roadmap for Semiconductors has shown that semiconductor device
development had accelerated from the previous roadmap, which was issued in 1994, from a three year development
cycle to a two year development cycle. This acceleration affects the development of equipment, materials, process
control, and all support infrastructure for device manufacture, too. These facts constantly challenge the participants
in the semiconductor industry to manufacture more effectively, utilize the equipment and materials more efficiently,
make decisions quicker and ramp yields faster. A large component for success in the future will rely on improved,
fast cycles of learning which are dependent on data acquired on wafers, process, equipment and manufacturing
indices which has been summarized, decisions made upon and implemented with minimal to no human intervention.
Process control provides solutions in the form of automated data collection, summaryf/filtering of data to make it
more useable (data-to-information), attaching knowledge information to the data point or set, modeling and
algorithms applied to make decisions on the data and then those data sets and decisions can be taken to the next
level which is to provide feedback to the system (on which the data is collected) and improve the system (process,
equipment, manufacturing indices). Improvement can come in the forms of improved tool cost of ownership
(CoO,Table 1), better overall equipment efficiency, more repeatable process and repeatable device performance,
and better factory performance (cost, output, cycle time, quality). Though this article is focused on wafer processing,
some of the same methodologies can be applied to factory automation, facilities and manufacturing indices.

“If it was possible for the auto industry to achieve similar technological progress to the semiconductor industry, the
FORD Taurus that first sold in 1986 for $10, 000, would cost about $150 teziay1998)
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1. Why is Process Control and Diagnostics 2. What are the challenges facing the
Important for the Future? semiconductor industry in the near future?

The semiconductor business is transforming from a  post-optical lithography

commodity supplier model to a service model. The device ¢ timing to change to post-optical

manufacturers are being driven to get to market faster, serves  how far does optical go

smaller markets with application-specific designs, shorten < cost of development of post-optical lithography systems
the time to high yields and speed the rate of learning. ¢« cost of development for the lithography infrastructure
Reduction of cycle time increases the manufacturing e resist, tracks, mask/reticles, metrology
complexity. As you drive down cycle time and improve ¢  new materials / processing methods

quality the unit volumes increase, and thus, the data volume s  copper for interconnect

and variance increase. Demands on new equipment, newe low-k dielectrics for interconnect

materials and new processes requires more sophisticatede  high-k dielectrics for gate

and fast characterization methods. Engineering and incremental changes

manufacturing science requires data. Measurement ¢ next wafer size: 300mm

methods collect data, data allows you to make decisions ¢« increasing scale of integration

and solve problems. Data and the analysis of data helps e+ more transistors in same amount of space
“visualize” the system capability and system problems. You e more functionality on one chip

cannot understand (and fix) what you cannot measure=  improved manufacturing

Problem solving, and gathering new insights requires @  improved equipment productivity

constant search for the appropriate measurement

technology. Cost effective manufacturing requires that3. How process control and diagnostics can
metrology to be used in a judicious fashion. As learning help?

occurs, and equipment and processes become well

characterized, the need for frequent and multiple metrology ¢ today’s high wafer values, the factory needs to be
decreases. This new knowledge and new metrology,,active not reactive, and on-line and in situ metrology

technology can now be applied to the next generation ofn4 hrocess control assist with being proactive because data-
device manufacturing. When a method helps the factory 9q_information occurs quickly, decisions occur quickly and

be more efficient, it will become second nature that thafy 5¢celerates the learning curve. For example, factories
method will always be part of the manufacturing Systems i, jn-jine inspection exhibit a 5% yield advantage over
Twenty years ago, statistical process control methods Werg tories that do not utilize in-line inspection.
rarely practiced in the semiconductor industry. Today, yOupapie 1 |ist some benefits to equipment cost of ownership
would not run a factory without it. Ten years from now, (ot can be realized with process contifdble 2 shows
similar statements will be made regarding process controly e of the additional benefits that can be had from both
methods. the device manufacturing perspective and the equipment
supplier perspective.
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Table 1

Improved cost of ownership (CoO) indices

increased throughput
decreased cycle time
increased reliability
decreased maintenance
decreased consumables
decreased footprint
decreased scrap
increased yield
decreased monitor wafer usage
decreased disposal
decreased utilities
decreased particles

HORIBA Technical Reports

4. Now and future metrology and process
control scenarios

One method of classifying/describing the measurement tool
is by physical location in the factory and how the metrology
equipment is used in manufacturingalfle 3).

These descriptions help in communicating various levels
and capabilities of tool use.

Table 3 Measurement Tool Description

m Stand-Alone Measurement Tool
Off-Line: outside of the fab, usually destructive or

contaminating
At-Line: in the fab, monitor wafers since unable to
measure pattern wafers; could also be
destructive, or contaminating
In-Line: is or can be part of process flow routing, can
measure pattern wafers
m Integrated with the Process Equipment
On-Line: measurement tool integrated with process
equipment, but not able to measure during wafer
processing
measures during processing

Table 2 Benefits that Integrated Metrology Can
Produce
m For Integrated Circuit Maker; Process ltself:
e Increase productivity
-People
-Equipment
-Fab / cost effective manufacturing
-Technology transfer & ramp-up
-Sales (customer relations)
-Less redundant processing (metrology, cleans, In Situ:
inspections)
e Process stability
-Eliminate outliers

-Points not belonging to typical distribution at-jine or in-line metrology tool takes measurements on
*  Improve typical distribution (process stability) the wafer(s) from the last process, that data is charted,
-Drive average to target statistical process control methodology used to determined
-Reduce variance “goodness” of process and often “goodness” of equipment,
m For Equipment Supplier: material committed, repeat measurement on a frequency
*  Reduced engneering support . rate as determined by risk of not catching “bad”
-Increasesi effective skill set of field service manufacturing. The measurement is perform on product
_&iﬁ;ﬁ;ﬁc re-tunings of process (in-Ii.ne; as proce;sed wafers, patterned Wafers) or on
_Diagnosis/prognosis to reduce down-time mon!tor wafers (at-line, unpatterned). Product is saleable,
_Quiicker time to recover (repair & condition & monitors are not. Yet some measurement technlqugs cause
tune & qualify) some Qamage to the wafers, have a high ngk qf
contaminating the wafers or the measurement resolution is

* Intelligent maintenance X ) .
-Maintenance on need basis. scheduled when Compromised due to the pattern, in those cases, monitors

convenient (predictable preventive maintenanceyvafer are used. Some dat.a analysis perform'ed, mostly
-improved spare parts management one parameter analyses with the start at multi-parameter

4.1 Today's metrology and control scenario
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analysis and also a start at some methodology applied tknowledge of the process and equipment. This knowledge

the data sets. enhances the factory’s ability to control the equipment and
process and tighten the overall distribution, thus producing
4.2 Transitioning to metrology and control scenario more predictable and reliable product.

(note: various parts of the “now, transition and future” scenarios
Measurement data is automatically collected and somenay exist in one factory today as the semiconductor manufacturer
filtering/analysis is performed to determine “goodness” andstrives for improvements.)
turn data-to-information, perform fault detection (“go” or
“no go” decision ), and occasionally data analysisTable 4 list some of the future opportunities for use of
performed that produces input information/parametersadditional metrology and process control for semiconductor
which is fed back into the equipment and process to adjugirocessing.
their function which tightens the overall distribution on the
material being processed (either “sneaker” method or Table 4 Future Opportunities & Drivers
automatically). (“Sneaker” method - a human takes the  Measurement between steps in multiple-step single
new calculated input parameters back to the process tool wafer processing

and readjusts the operating parameters by hand.) Data is -only chance for measurement is with sensors
collected via at-line, in-line, and occasionally on-line ande  Tool/process start-up/shut-down control
in-situ. A lot of data analysis performed, still mostly one -ex: importance of plasma damage just beginning to
parameter analyses with the start at multi-parameter be addressed
analysis. Expert methodology is getting broader application  Improved steady state control
across the equipment and the process. -correlation of yield/faults to noisy behavior suggest
tighter real-time steady state control may result

4.3 Future vision for the metrology and control scenario in tighter wafer results

e Integrate process, hardware, and control design
Automated measurement and data collection, with heavy -controllability and observability determined by
utilization of on-line and in situ metrology systems. Wafer hardware and process not by control system
state, equipment state and process state measurement Other sensors for control & monitoring
capable by the metrology systems. This data is available -current parameter being used in real-time control
to the factory data management and analysis systems. Often loop may not be best variable to control
the data is filtered and labeled to provide information fore ~ Machine process checks without a wafer
independent decisions to be made. It certain cases control -characterize machine and process during idle
algorithm output parameters will be applied back to the times

process and equipment to improve the overall process
capability, real time. Equipment will notify the factory
when it needs preventive maintenance, or when it discovers
out of control processing, and will help to qualify itself
(shorten the qualification cycle). Expert methodology and
data mining will be employed to preserve the knowledge
base (source problems, found solutions) and locate data
patterns to source problems more quickly. Multi-parameter
analysis and methods utilized to expand characterization

4200000
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5. Challenges for the future of process control ~ Software content will continue to increase, and thus
improved software quality methods need to be employed.

More interface layers are added, as complexity of th€dther industries have employed various levels of process
equipment, process, automation and communicatiorgontrol methods to their manufacturing. The semiconductor
increases. These interfaces must be well defined, an@dustry should learn from these other industries, and adapt
standardized for quick access and “hook-up”. Tools havavhat works. As more layers are added to the equipment
become more modular and clustered to meet the deman@&d process, more business interfaces are also created. So
of the process and device requirements. In a similar fashioflow to complete new development on tools and processes
system controllers have to become somewhat analogou%/ith new metrology and control, to meet customer
Complexity is ever increasing, time-to-market is everrequirements, you have multi-party relationships instead
shortening, cost must be contained; additional data i§f two party relationships. The ability to manage multi-
required to maintain current capability. Thus, new thingsparty relationships for program success will be a
new data types (such as new sensor hardware), will alway§duirement for suppliers in the future.

need to be tried, and the user needs easy access to the data

and the methods they use to turn data into information. And he National Technology Roadmap for Semiconductors
it is not one data stream, it is several. And it is not onel997 envisions future metrology to evolve into more
analysis methods, it is several. Equipment will becomdntegrated systems with the process tools, employing
“intelligent” systems and additional metrology and processProcess control methodology. The nature of the business
control are integrated in the systeffable 5 lists some of ~ 0f semiconductors will encourage this integration to occur,

the business factors that will help tool integration. for continued improvements for device manufacture.
Table 5 Business Factors for Integration to Occur “The FORD Taurus has more computing power than the
«  Business Needs (Drivers) of orginal Apollo that went to the moon [in 1969]”

-IC manufacturer Alex Trotman, Ford Motor Co. Chairman & CEO, 1997

-Equipment supplier

-300mm

-Shrinking dimensions (e.g., linewidth)
-Shrinking die size
-Environmental, safety, and health (ESH)
e Integration must be profitable
-Increased productivity
-Creates a competitive edge
e Integration must be feasible
-Hardware/software changes spawned by 300mm
(i.e. insertion node)
-Availability of commercial sensors & sensor bus
-Viability of software suppliers
-Emergence of controller consultants/trainers
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Abstract

Due to their features of lower power consumption, greater space efficiency and higher resolution, liquid crystal
displays (LCD) and flat panel display products have been capturing an increasingly larger share of the market. This
increase has been in progress at such a furious pace that they may replace cathode ray tubes(CRT). On the productior
front, however, low yields and the complicated processes required by these products still keep them costly, leaving
room for further cost curtailments. Among the problem areas involved, the process of visual inspection under light
illumination depends on human labor and hence requires a substantial review.

HORIBA LTD. has developed a liquid crystal quality inspection unit, the FP-2000, in collaboration with Technos.
This equipment is capable of performing highly accurate and reproducible inspections for various defects, such as
dot defect, line defect and Mura, as well as providing position information. The FP-2000 has achieved a higher
degree of inspection performance than visual inspection. This paper introduces the construction, measurement
principles employed and evaluates the results shown by the FP-2000.
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Trends in Mass Flow Controller Technology
and the Approaches Taken by ESTEC Inc.

00 00f0 D000 oo ooP0 ooogoe
godo0oooobooboo0otoob0b0Uleooo0 000000000 OOO0OO

gd
goboboooobbooooboooobooob,bbooobobooooeseaM-DRAMOOODOOOOODO
gobobooooogoooboooooooboooooooboooboooooobooboo,bbgo,obboooo,
gobooooobooooooooo, bbb oboooboobooobooobobooobbooobboooo
gobobooobboooobboooooooobboooobboooooobog

Abstract

The density of semiconductor devices has been continuously increased to a point where a half- micron or smaller size has
become the design norm of the current 64M-DRAM production models. This trend for very large integration dictates the need
for more reliable and less costly production equipment which can also achieve a higher throughput. Particularly, rigorous
demands are made of the mass flow controller, a key device of the gas supply system associated with the production equipment.
This paper describes trends of mass flow controller technology and the measures taken by STEC Inc. to follow these trends.
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In-situ Thin Films Process Control

Jean CANTELOUP " Jean-Philippe VASSILAKIS” Eric FLUCK®~ Pascal AMARY "

0 Instiuments S.A. JOBIN YVON-SOFIE Division, HORIBA Group )

ABSTRACT

The need for in-situ process control led to the creation of SOFIE Instruments company. Sofie was founded in 1983
as a spin-off from two French organizations, the University of Orsay and CIT Alcatel (Semiconductor Division).
SOFIE’s primary activity consists of the study, development and manufacturing of instruments for in-situ thin film
process control and analysis utilizing technigues such as Optical Emission Spectroscopy, Interferometry and Imaging,
Ellipsometry, and Langmuir Probes.

Sofie products are constantly evolving, driven by the innovations of their engineers working in collaboration with
customers. The new ideas developed at Sofie on sensors and analytical methods are protected by numerous
international patents. The competitive edge of our products is based on the originality of the architecture, smart
sensor technology, analytical methodology, and unique signal processing.

1. ARCHITECTURE

In order to meet different requirements that often change Thousands of US $
very quickly, our systems are based on a flexible and ¢ ooo-
modular architecture consisting of three levels. 5 0004 - H

4000 mE B

(1) Level 1
State of the art sensors including monochromators,

3000+ 1 B

spectrographs, laser or white light interferometers, an in- z o0e+ 11
situ ellipsometer, Langmuir probes, a mass spectrometer i ooo 4 H H H H
particle counter, DC Bias and RF electrical analysers, and S ” _ L
temperature monitors interface with process chambers tc 83 84 85 86 87 83 89 90 91 92 93 94 95 96 97 Years
measure a wide variety of parameters for controlling Fig.1 Turnover history of SOFIE

processes and determining plasma characteristics.

In-situ D0 000000

19830 000000 SOFIED ,D00boobobooob,obobobooboboboboobooboon
goboobooooooboobgoobboboooboobo,oboboopooboobo,booboobo
gooo,0bgoobobobobooobooboobobobobooobooboobooboo

1. 0000ooogog

000000000000000000000,SOFIEDDONN0NONNNNDN, 0000000000000
0030000000000000000000

(HoOooo

000 ,0000000,000000000000000000000000000,000000000
ooooo

(0000
0000000000000000000000000000000,000000000000000,00

000000 In-situ Thin Films Process Control 25



(2) Level 2 protocols to communicate with most of the equipment
The second level is composed of PC based substatiomeanufacturers present on the market. SOFIE has the ability
communicating with the sensors through acquisition boardso quickly adapt to any new tool if the communication
One station can be connected to up to two sensors and apyotocol is provided.

of the variety of sensors can be utilized.

Each station performs such tasks as enhanced numerichl3 Benefits of design

filtering, derivative calculation, local data base support, anc A high level of flexibility is possible on each level of
Fourier transformations. For process control functions there architecture (sensors, network, user interface or communication
is a remote control link from each substation to the protocols). This provides a wide variety of solutions for

equipment. any application.
« The ability to synchronize different stations on the same
(3) Level 3 chamber. The system provides a common data base to store

Level 3 involves overall system control and coordination information on runs from different chambers which is
utilizing a supervisor computer. This is necessary for very useful for comparison.

complex multichamber and multisensor applications. In & The network based architecture allows parameter passing
simple one chamber application, user interface functions from one sub-station to another sub-station. The value of
can be controlled directly at the sub-station level. But in a measurement made in one chamber of a cluster tool can
complex environments where several stations have to workbe sent to another sub-station and used by another endpoint
together, a supervisor must exist to provide a common userdetector in a different chamber on the same cluster tool.
interface and data base support for a group of stations. The

supervisor is linked to the stations through a local aredigur 2 shows the architecter for a cluster tool with four
network. It also supports a direct Secs || communicationshambers.

link to the equipment. Overall depending on which level of

archetecture is used, there will be different access to the

equipment.

1.2 Configuration Network to
The selection of a configuration, either Host Computer
a stand alone unit, (one station with ug

to two sensors), multichamber, or cluste

tool configuration depends on the

Sensors

il Supervisor

SECS II Link

application.
Equipment —
. . . Conroler |O O
Consideration must be given to : T
* the number of stations ) Statmn for  Station for  Station for  Station for Remote
« the type of sensors required ber A Chamber B Chamber C  Chamber D Control
« the type of communication protocol
SOFIE INSTRUMENTS CLUSTER TOOL
.. . . . - Each station can monitor up to 2 sensors
In addition, the communication interface - The supervisor can monitor up to 16 stations
with the tool is crucial for accurate
process control. Our software provides Fig.2 Architecture for a cluster tool with four chambers
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2. ORIGINAL SENSORS

A key part of the system is the availability of a variety of
smart sensors each designed to monitor specific process
steps and critical parameters in the same or different
chambers of a cluster tool.

2.1 Optical Emission Spectroscopy (OES)

The plasma light provides a wealth of information about
the etch state, chamber properties, and species reactivity.
Usually, this information is easily exploitable. One way to
use this information is in determining the endpoint of an
etch process. It relies on the simple fact that when one etches
through a layer and hits a chemically different underlayer,
the plasma composition, and therefore the emission )
spectrum, changes as the new layer is etched and appe&igure 3 shows the SOFIE Interferometric system.

in the plasma . )

<Benefits of the SOFIE OES system> 2.3 Langmuir Probe _ _ o
Our OES systems allow the ability to synchronize low and™ Langmuir probe system consists of a thin conductive wire
high resolution monochromators, in order o have a visiorinsérted into the plasma. By applying a voltage ramp to
of the full spectrum and simultaneously to focus on onghis wire an I(V) characteristic is obtained. Then,sing a

specific part chosen by the user with higher resolution. Suitable theory, the following plasma parameters can be
determined : ion density, electron density, floating potential,

2.2 Interferometry and Imaging plasma potential, electron energy distribution function
Interferometry is a powerful technique consisting of (EEDF) and temperature. The spatial distribution of the
illumination of the surface and measuring the reflectegP@rameters can be obtained by scanning the probe inside
intensity from several layers.This sensor allows theth® chamber. _

determination of the etch or deposition rate, the thicknesssBenefits of the SOFIE Langmuir Probe> _

and the selectivity. Both monochromatic, for differential A recently developed SOFIE product combines the

measurements, and spectroscopic, for absolutéangmuir probe with the Optical Emission Spectroscopy
measurements of the thickness are available. on a single sensor. This association allows the user to

<Benefits of the SOFIE Interferometric system> synchronize the two measurements in order to have the
For complicated structure with small critical dimensions SPatial distribution of the parameters described above, as
imaging capability is necessary. We provide a Sofie patentef€ll as the spectral distribution of a line to get, for instance,
camera combining a compact interferometer and a CCOre information on the uniformity.

sensor for wafer observation and spot alignement. Attached ) )

to a motorized X-Y table, this system allows patterns2-4 Electrical Measurements and DC Bias Voltage
recognition. Bringing a compact optical head that includesEtch an deposition plasmas are largely determined by
the interferometer, CCD imaging, and positioning Stage@ectrical variables like RF power, power distribution etc.

package. understanding plasma characteristics and can be useful for

Fig.3 The SOFIE Interferometric system
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process monitoring. One of these variables is the DC voltagand verify all signal analysis and all parameter settings
(DC Bias) building up between the polarized RF electrodewithout processing additional wafers. It is even possible to
and the mass. Its importance depends on the process unakr reprocessing analysis outside of the clean room and to
consideration. In physical etch processes by ion impact foutilize the knowledge of our customer support team by
instance, this parameter will largely determine etchsending files on internet to SOFIE.
properties since the DC Bias creates the accelerating tension
for the ions. 3.3 Alarm management
In addition to endpointing, SOFIE systems are capable of
detecting other process events or wrong process conditions
3. SIGNAL PROCESSING which could lead to an endpoint miss and the resultant
scrapping or reworking of production wafers. Our powerful
Several trends in the semiconductor market are driving thalarm methods can be selected to analyse and detect process
need to improve signal processing : the need to increasingroblems before wafers are ruined or require costly rework.
yields in wafer manufacturing, the need to produce smalDepending on the alarm condition found, appropriate
critical dimensions (which leads to a deterioration of theactions can be taken for example: immediate stop,
signal to noise ratio), and short process times (the systewontinuing to a default time, and database warning.
then has less data to fit the phenomenom with the suitable
theory and detect the endpoint). Table 1 shows available sensors for in-situ process control
product AgDIGIFAMILYAh .
3.1 Endpoint algorithms
Accurate endpointing represents a main customer goal. It
consists of finding a special signal variation pattern duringg CONCLUSIONS
the run analysis using a defined model in order to

immediately stop the process. This endpoint detection musf’he family of SOFIE products offers the customer state of
be very reliable, must allow parameter tuning to eliminate

bad patterns and to guarantee to meet the needs tl?e art instrumentation for semiconductor process control.

manufacturing. With the constant development of new e are unsurpassed in the flexibility and innovation in all

. . : spects of our design. Whether it's the instruments, sensors,
technologies, endpoint methods are continuously update : .
) . . . software, or the open architecture of multichamber control,
to combine DSP numerical techniques, cross samplin

e . ""%ur solutions represent the cutting edge of process control
methods, run to run variations, and improved detectio :

o . . . .~ technology. Just as important as our products are the people
sensitivity even inside noisy signals. Several endpoint . . . .

. . of SOFIE and their commitment to being the best in the
methods can also be combined for enhanced endpoin .
. industry . We provide a level of customer support that

detection. . ; -
consistently wins the appreciation of our customers. The
passion of the people at SOFIE for being the best in the

3.2 Reprocessing Cability : . .
N . industry is experienced by every customer we serve.
Process application engineers are under enormous pressure

to shorten time to production, in addition they must
minimize the number of development wafers used. The
reprocessing software embedded in the family of SOFIE
instruments permits the process engineers to replay a
previous run in an accelerated mode in order to simulate

2300000000000
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Table 1 Abvailable sensors for in-situ process control product DIGIFAMILY

PRODUCTS PRINCIPLE KEY TECHNOLOGIES
Optical emission spectroscopy
Applications : Signal processing
Endpoint detection Endpoint algorithms
DIGISEM Uniformity control
Plasma Diagnosis Synchronization between 2 monochromators
Contamination Control Embedded software elasticity allowing the same tool from R&D
Chamber cleaning control to full manufactoring automation
Laser interferometry :
Signal processing
End point detection Endpoint algorithms
Layer thickness monotoring Alarm management
DIGILEM Remaining layer thickness Interferometry and Imaging :
Etch and deposition rates Patented camera including a CCD sensor for
Trench depth wafer observation and pattern recognition
Selectivity
Langmuir probe
(electrostatic probing) : Signal processing
fast acquisition
lon and electron density
Floating potential Cleaning capability
DIGIPROBE Plasma potential
Electrons energy distribution Radio frequency current measurement
Function (EEDF)
Electron temperature
Plasma uniformity
Spectroscopic interferometry :
Signal processing
Absolute thickness in-situ measuremegnt  Pattern recognition
Layer optical modellin
DIGITOM yerop g
The determined thickness can be sent to another chamber and used
for endpointing another step
Avoid off-line measurements
DC bias, RF or peak to peak voltage
Applications :
DIGIBIAS Chamber contamination
Wet clean monitoring
Combined OES and
Interferometry : Signal processing
Endpoint algorithms
DIGITWIN Endpoint detection
Etch and deposition rates Endpoint conditions associating two different sensors
Plasmas diagnosis, etc...
Combined OES and Langmuir probe local plasma diagnosis by simultaneous optical and
electrical measurements
Multisensors and Real-time supervision of all sensors, all chambers
MULTISEM Multichambers PC and Network based architecture
platform Total flexibility allowing combination of up to 16 different sensors

000000 In-situ Thin Films Process Control
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Feature Article
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Spectroscopic Phase-Modulated Ellipsometry
--- Application to thin film metrology ---

Ramdane BENFERHAT "

( Instruments S.A. JOBIN YVON, HORIBA Group )

Abstract

Recent advances in thin film technology, especially in semiconductor one, are providing new opportunities and
challenges for the development and application of spectroscopic ellipsometry in thin film metrology. Nowadays
precise determination of film thicknesses, optical properties and surface morphology are extremely important to
produce high quality devices .

The article shows why spectroscopic phase-modulated ellipsometry is extensively used for the characterization of
materials (insulators, semiconductors and metals). Main application fields, particularly in semiconductor technology,
of this popular optical technique are discussed. Through typical examples accuracy and sensivity aspects are
illustrated.

1. Introduction

Thin film materials pervade our everyday life. We arein the last two decades that this non-destructive technique
familiar with transparent conductors in LCD watches andhas become an automated, fast, sensitive and highly reliable
computer displays, antireflection coatings, glass coating$ool for thin film structures characterization.
for both color and energy efficiency, a large variety of
microelectronic and optoelectronic devices, hard coating..2. Spectroscopic ellipsometry : Theory and
Without thin film technology our way of life would not be data analysis
the same.

Only about 25 years ago the variety of deposition and gpectroscopic ellipsometry measures the change in the
etching techniques for preparing thin films based devicegolarization state of probing light, introduced by its
was relatively limited. Now a certain level of process jnteraction (through reflection or, more rarely, transmission)
sophistication and system integration has been achieved angjth the sample under study, and as a function of
consequently, more and more precise characterization Qfavelength. This change is usually described by two angles
the thin films used is required in order to produce quality( W) and (A ), which express the ratio of the complex
devices. o _ o reflection coefficients Rp and Rs of the sample (the indices

The sensitivity of ellipsometry to thin films and surfaces; p O and] s, stand for light polarized parallel (p) and
has been well known for over a century. However, it is 0”'Yperpendicular (s) to the plane of incidence -Figel):
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3. Spectroscopic Phase-Modulated
Ellipsometry(SPME): Principle of operation
and instrumentation

The optical set-up of SPME in the UV-visible range is
displayed inFig.2. The excitation head consists of a light
source, a polarizer and a photoelastic modulator. After
reflection on the sample the emerging light beam goes
through an analyzer and a monochromator before being

E,=1,E, E, =1, E detected by the detector. The last three optical elements
form the detection head.
Fig.1 Polarization of reflected light The photoelastic modulator consists of a fused silica block
glued to a piezoelectric crystal quartz bar oscillating at the
p =Rp/Rs=tanW¥ exp(id ) frequency of 50 kHz. This generates a periodic phase shift

o (t) = A sin(w t) between two orthogonal amplitude
The reflection coefficients are determined by the opticalcomponents of the transmitted beam.
properties and composition of the substrate and the The detected intensity takes the general form :
overlying layers, by their thicknesses and morphology, and I() = lo + Is sin(w 1) + Ic cos P t
by surface roughness. In order to deduce the unknown © (1) oy
parameters of the sample under investigation, amodel which  \where Is and Ic are function 6% ,A ).

optically describes the sample structure is built. This model . . .
contains initial estimates of the parameters sought. The In the UVISEL system, the Fourier analysis of the signal

parameters are then varied to generate a set of calculaté%icamed out by a Digital Signal Processor. This fast

 SCandh o tat s best the messured data. TSONO0ESS0r /seT (yle fme = 100 1) s espocialy
Data fitting consists in minimizing the mean-square P ) y

deviation x * between calculated and measured on BUC (% U5 B8 SEIOAC B aos her
ellipsometric parameters¥{ andA ): y ' y

X 2=Z eanZ o=am[W BN i D) -W P D )]H[A AN D) -A PO i D))
[ (2N-P-1) ...... 1)

where the sum is taken over all measured waveleigths directly vield the el i tets and A
and angles of incidenee;j; P is the number of unknown irectly yie € ellipsometric parame an
material parameters and N, the number of experimental da%aracterlzmg the sample under study.
points . The values of the varied parameters obtained after

ax 2minimum has been achieved are then taken to be the

best statistical estimates of the material parameters

descibing the sample properties.
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Fig.2 Schematic diagram of the Spectroscopic phase modulated ellipsometer

4. Applications

4.1 Flat panel display (FPD)

The application of spectroscopic ellipsometry in the field
of the flat panel display often involves thin film thickness
uniformity and optical properties measurements of a large-
area multilayer structures.

(1)SiO2 / Glass -
Silica films are currently deposited as initial layers on glass 51
substrates before further film deposits. Therefore, the 1505
thicknes uniformity of the silica layer is of crucial 15 -
importance for the quality of the whole multilayer structure. 1405
Phase-modulated ellipsometry is particularly well adapted 48 -
to the characterization of transparent materials (e.g. silica) 1485
since it gives a precise absolute measurement of the 148 -
ellipsometric phasa . Thus, a typical thickness mapping 478
of a large-area silica-deposited glass substrate by SPME is " |
characterized by an A-scale precision (Bigg 3, 4.
(2) a-Si and poly-Si / Glass

Amorphous and polycrystalline silicokig. 5) are the 2 3 2 5 s
building materials of the actual thin film transistor (TFT) Photon energy (eV)
technology. The former is easy to deposit and process while ) _

the latter exhibits superior electrical properties (higher Fig-3 n,k of Si02/Glass

carrier mobility). The degree of crystallinity, thickness
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Fig.6 Pseudo <n> of SnO2/Glass

Si layers . With its help the deposition processes can be
better understood and controlled and, consequetly,
optimized .

(3)Transparent Conducting Oxides (ITO and SnOz)
Transparent conducting oxides (especially indium tin oxide,
ITO) are widely used as transparent electrodes since they
combine high electrical conductivity with good optical
transmissivity. Because of the particular deposition
conditions these films are known to exhibit an optical
constants gradient and non-negligible surface roughness
thus making their optical characterization delic&ig(6).
SPME inherently possesses the required sensitivity in order
to successfully characterize such films. Thus, the use of a
graded model of the optical constants of the layers enables

uniformity, surface rougness and oxidation are the cluehe determination of essential material parameters such as

parameters to be monitored for a high quality TFT
fabrication.

index profile, surface thickness and roughness . Moreover,
through modeling the of the free-carrier absorption in the

Owing to its high sensitivity and the use of advanced opticafiilms SPME provides valuable information on their
constant models SPME is capable of determination of thelectrical resistivity.

optical and morphological properties of both a-Si and poly-

gooo
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(4)Multilayers

An essential step in the FTP fabrication process is the
deposition of multilayered thin film coatings. The
determination of the thickness and the optical porperties of
each individual layer represents a classical problem in
ellipsometry and is successfully solved by SPME.
Multilayer structures comprising a great number of layers,
gradients, periodicity and substrate backside reflection are
currently used in modeling SPME measurement results.
Once the parameters of the structure having been
determined at a given (X, y) point of the FPD, a fully
automated mapping procedure can be performed over the
entire surface of the panel.

4.2 Lithography

Photolithography is one of the basic processes in the
production of microelectronic devices. The actual integrated
circuits (particularly high-density memories) require
smaller and smaller patterns thus pushing the wavelegth of
the lithography light to the deep UV (DUV). Therefore,
the probing light of the characterization optical technique
(e.g. ellipsometry) must follow this trend and, as a
consequence, large spectral range DUV (down to 190 nm)
SPME has become available. The list of materials studied
in thist extremell, spectral region includes various
photoresists, antireflective coatings, semiconductors (poly-
Si), insulators , and metals. SPME is capable of their optical
characterization down from DUV up to near IR. The precise
determination of the optical constants of these materials
using SPME is of great importance for the optimization of
the photolithographic process and the microdevice
fabrication in general .

5. Conclusion

Spectroscopic phase-modulated ellipsometry, being a
non-desctuctive, fast, precise and easy-to-use optical
technique is on the way of becoming an invaluable tool for
the thin film materials characterization. The application
fields cited above are only a part of a whole list of various
actual and potential applications of SPME to
microelectronics or elsewhere. With the increasing
complexity and lowering the size of the samples SPME
has an ensured future owing to its high instrumentational
sensitivity and accuracy, and advanced modeling software
capabilities.
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Ancient Technology considered in High-tech Age

- For Semiconductor Crystal Processing -

Not a few technologies which were performed in ancient Japan are remarkable
indeed even from state-of-the-art engineering point of view. An example would
be the one that produced magnificent carpentry, such as Horyuji-Temple built
about 1, 300 years ago and still exists in beautiful shape. The way of wood
lumbering and trimming is surely one of the keys of the carpentry technology.

Turning to microelectronic device manufacturing, it is anticipated that the
performance and the yield of higher-grade and higher-integrated microchips will
most seriously depend on the state of the surface of base semiconductor crystals.
That is, slicing and polishing the wafers would be a key technology in the field.

Considering both the technologies noted above, the author proposes that the
“philosophy” found in the ancient carpentry should be applied to the processing
of semiconductor crystals for future microelectronic devices.

Fumio SHIMURA, Dr,Sci.
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Analyses of Stromatolite using X-ray Analytical Microscope
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Abstract

We analyzed stromatolite using X-ray Analytical Microscope(HORIBA XGT-2000). We described the analytical
results and discussed for the chemical and geological feature of stromatolite. The ability of this machine demon-

strated on the geological application.
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“Whole” means the composition of the whole rocks, “Ca-rich” is
that of Ca-rich area, “Fe-rich” is of Fe-rich area , “K-rich” is of K-
rich area. Values are normalized to 100wt%.
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Basic Technologies in ICP Atomic Emission Spectrometry

— Causes of physical and spectro interference and
the measures required to eliminate them —
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Abstract

ICP atomic emission spectrometry have been extensively used in a variety of fields. Any attempt to use ICPs for
measurement always involves interference problems common to ICP atomic emission spectrometry. This paper
details physical and spectro interference and the methods required to eliminate them, thereby providing guidelines
for more accurate ICP atomic emission spectrometry.
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Handheld Infrared Thermometer IT-540 Series
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Abstract

In order to ensure that the user can select a product to meet his application needs our newly developed, low-priced
handheld infrared thermometer IT 540 Series is described. Series comes in three types: IT-540S and IT-540N, both
with a sighting function, and IT-540E, without the sighting function. The S Type is designed for use in measurements
of a spot as small as 2.5mm at a distance of 30mm, while the N and E types are intended for measurements of a
an area as narrow s 40mm at a distance of 500mm.

This paper describes the principles, structure and features of these products, together with explanatory information

concerning how to conduct correct temperature measurements.
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HORIBA World-Wide Network

Horiba Ltd.
Head Office
2 Miyanohigashi-cho, Kisshoin, Minami-ku, Kyoto 601-8510, Japan
Phone:81(75)313-8121  Fax:81(75)321-8312

STEC Inc.
Head Office
11-5 Hokodate-cho, Kamitoba, Minami-ku, Kyoto 601-8116, Japan
Phone:81(75)693-2300 Fax:81(75)693-2331

COS Co., Ltd.
Head Office
18 Maegawara-cho, Kisshoin, Minami-ku, Kyoto 601-8304, Japan
Phone:81(75)321-7184  Fax:81(75)321-7291

S.G. Instruments Co., Ltd.
Higashikanda Daiji-Bilg., 7-8 1-chome Higashikanda, Chiyoda-ku, Tokyo 101-0031 Japan
Phone:81(3)3866-0984  Fax:81(3)3866-0908

ATAGO BUSSAN CO., LTD.
Sanyei Building 23-7, 5-Chome Shimbashi, Minato-ku, Tokyo, 105, Japan
Phone:81(3)3432-8741  Fax:81(3)3459-6230

ASEC Inc.”
2 Miyanohigashi-cho, Kisshoin, Minami-ku, Kyoto 601-8510, Japan
Phone:81(75)315-2881  Fax:81(75)321-6621

Chiyada Assy. Inc. *
55-3 Higashinokuti-cho, Kamikatsura, Nishikyo-ku, Kyoto 615-8221, Japan
Phone:81(75)394-5959  Fax:81(75)394-5963

MEC Co. Ltd. *
5-F Sairaize Building 2-5-10, 2-chome lwamoto-cho, Chiyoda-ku, Tokyo 101-0032, Japan
Phone:81(3)3866-8090 Fax:81(3)3866-5041
(*:Affiliate Company)

HORIBA KOREA LTD.
Pucheon Facility
12-1 Todang-Dong, Wonmi-ku, Pucheon, Kyonggi-do, Koreia
Phone:(82)32-675-8201 Fax:(82)32-675-8205

HORIBA INSTRUMENTS (SINGAPORE) PTE. Ltd
31 Kaki Bukit Road 3, #06-12 Techlink, Singapore 417818
Phone:(65)-745-8300  Fax:(65)-745-8155

HORIBA LTD. Beijing Representative Office
Room 410, No.33 Chang Fang Street, Xicheng District, Beijing, P.R.0.C 100032
Phone:(86)10-66077630  Fax:(86)10-66077554

STEC KOREA LTD.
151 Yatap-Dong, Bundang-ku, Sungnam-City, Kyungki-Do, Korea
Phone:(82)342-701-8164  Fax:(82)342-701-8166

HORIBA INSTRUMENTS INCORPORATED.
Irvine Facility
17671 Armstrong Avenue, Irvine, California 92614, U.S.A.
Phone:(1)949-250-4811  Fax:(1)949-250-0924
Ann Arbor Facility
5900 Hines Drive, Ann Arbor, Michigan 48108, U.S.A.
Phone:(1)734-213-6555  Fax:(1)734-213-6525
Silicon Valley Office
1080 E.Duane, Suite A, Sunnyvale, California 94086, U.S.A.
Phone (1)408-730-4772  Fax:(1)408-730-8975
Tempe Facility
2520 South Industrial Park Drive, Tempe, Arizona 85282-1847, U.S.A.
Phone:(1)602-967-2283 Fax:(1)602-967-0281

STEC INSTRUMENTS INC.
Sunnyvale Office
1080 E.Duane Ave, Suite J Sunnyvale, California 94086, U.S.A.
Phone (1)408-730-8795  Fax:(1)408-730-8797

INSTRUMENTS S.A., INC.
3880 Park Avenue, Edison, NJ 08820-3012, U.S.A.
Phone (1)732-494-8660  Fax:(1)732-549-5125

ABX INC.
7390 Lincoln Way, Garden Grove, CA 92841, U.S.A.
Phone (1)888-903-5001 Fax:(1)714-903-5760

e

HORIBA EUROPE GmbH
Head Office
Haupstrasse 108, 65843 Sulzbach, Germany
Phone :(49)6196-67180  Fax(49)6196-641198
HORIBA FRANCE
Rue L. et A. Lumiére Technoparc, F-01630 St-GENIS-POULLY, France
Phone:(33)4-50-42-27-63  Fax:(33)4-50-42-07-74
HORIBA SWEDEN
Herting Carlsvag 55-57, S-15138 Sdertalje, Sweden
Phone:(46)8-550-80701  Fax:(46)8-550-80567

HORIBA (Austria) GmbH
Head Office
Kaplanstrasse 5, A-3430 Tulln, Austria
Phone:(43)2272-65225 Fax:(43)2272-65230
HORIBA Czech
CZ-10 100 PRAHA, Petrohradska 13
Phone:420-27174-6480 Fax:420-27174-7064

HORIBA INSTRUMENTS LTD.
Kyoto Close, Summerhouse Road, Moulton Park, Northampton, NN3 6FL, England
Phone:(44)1604-542500 Fax:(44)1604-542699

ABX S.A.
Head Office
Parc Euromédecine-Rue Du Caducée, 34184 Montpellier Cedex 4, France
Phone:(33)4-67-14-15-16  Fax:(33)4-67--14-15-17

Instruments S.A.
Head Office
16-18 rue du Canal, B.P. 118, 91165 Longjumeau Cedex, France
Phone:(33)1-64-54-13-00  Fax:(33)1-69-09-93-19
Dilor S.A.
244 ter, rue des Bois-Blancs 59000 LILLE, France
Phone:(33)3-20-08-12-20  Fax:(33)3-20-08-12-28
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