PROCESS MONITORING ON LOW OPEN AREA STEPS
BY
OPTICAL EMISSION SPECTROSCOPY
(Endpoint Detection & Health Monitoring)

Thiercelin Mickaél', Bluem Eric?, Le-Naour Philippé, Aube Michel®, Vassilakis Jean-B.
! Faculty of Sciences, Paris-Sud 11 University, @r&aance

2 HORIBA Jobin Yvon — Thin Film Division, Chilly-Mazarj France
3 ALTIS Semiconductor — Dry Etch Division, Corbeildégnes, France

Abstract

This paper presents a method to monitor plasmangwdntact etch with low open area and high polyzitey chemistry. This
method uses Optical Emission Spectroscopy to ingmmasma monitoring using wavelengths emissionsitg of different
species. When endpoint detection is too much diffio find, Health Monitoring on specific wavelehg ratio between polymer
depositions and etch can be a good alternativea Asmplement, typical characteristic wavelengths ba used to catch,
equipment or gas line failure. In this experiméntas shown that the optics spectrometer can b fosendpoint detection and

Health Monitoring to ameliorate monitoring etch pess.

INTRODUCTION

Spectroscopy is the most commonly used method @& th
industry today. The plasma emission results fromekcited

Plasma etching is a widely used technique in thespecies relaxation in plasma. The direct electramigact is

semiconductor industry and the need for in-situcepss
monitoring is becoming greater as the technologyandes.
Extremely tight control of all process parametergsimbe
maintained to increase throughput and reprodutybili

The greatest need for plasma process monitorisgsain
the determination of the etch endpoint for a giyencess,
which can reduce the degree of over/under etchisgthe
open area becomes smaller and the device densitynes
greater, select the relevant wavelengths with aefiit
robustness in manufacturing environment represeriiga
challenge for process engineers.

Biolsi et al. [1] demonstrate an advanced endpgyatem
for low open area etches by applying signal praongs® a
signal wavelength. Anderson [2] proposed to usevevp
window factor analysis to detect endpoint. Yue awt
workers [3], present their work in using princigaimponent
analysis (PCA) to extract a reliable endpoint sigkidhite et
al. [4] proposed to use T2 and Q statistics for penmut
detection for low open area wafers. These methads
reliable for large open area (> 10%), but for vemyall open
area the endpoint feature is severely corrupteld avillrift that
leads to missed endpoint detection.

In this paper, after a short introduction abouthods of
analysis, two complementary types of OES in-siturotegy

are presented: endpoint detection and Health Mongo

based on real production applications. Health Mwirg is

introduced to characterize chambers/processes torese

wafers etching even if endpoint is difficult to cba Using
various applications on different Etch tools, waa&ée how
to improve process monitoring to manage actual fature
products and technologies.

METHOD FOR ENDPOINT DETECTION AND
HEALTH MONITORING [5]

Optical Emission Spectroscopy

Optical emission spectroscopy is a spectral aisabfsthe
light emanating from plasma. For endpoint detectard
plasma diagnostic measurements, Optical

Emission

the main excitation source. The spectral domai, tt9850
nm, is the main region being able to be observedOBRS
which has the advantage of being an external d&igrfoom
the reactor. So, plasma is not disturbed by thisesy.

Endpoint detection

By monitoring the emission intensity of selected
wavelengths, the system tracks the amount/lossabénial in
the plasma, as when a particular material has beempletely
removed from the etch surface. Thus the endpoideiscted
based on the changes in the spectrum of radiatiatieel by
the plasma: due to non-uniformity on wafers, EPD is
characterized by two ruptures as described below:

After EPD

During EPD

<Fig. 1> Principle of endpoint detection

From Endpoint to Health Monitoring

Sigma_P software contains a large SQL databadite: a
General monitoring for plasma dry Etch: Data
collection, analysis, comparison using internal ssioin
library and spectra reference, process identificati
uniformity control Various functions like trends, ratios,
differences, average, standard deviation, etcbeamsed.

- Advanced Endpoint Process Contral Fully Automated

Endpoint/Run  to  run  control/Fault  Detection

Classification to improve yield and increase prouhitgt

in semiconductor manufacturing.

Chamber health Monitoring:
o Chamber qualification and cleaning
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The HORIBA Jobin Yvon cluster system is used tdeal <Fig. 3> Recipe Designer example

the plasma emission during the MxVx etching procdsss
system is equipped with a sturdy optical fiber vahaan be
easily mounted on the side window of the plasmantiea. It
uses 2048 CCD sensors.

The MultiCPM provides process automation for imeli
integration in a production environment. It off@®&on, PIO
remote, stop etch management, RS232 with the tool
TCP/IP/SECS/HSMS with network...

Real —Time acquisition & EPD

Recipe Designer creates an endpoint recipe directly
exported to Sigma_P. Exposing the algorithm toréadity of
production environment, this recipe is optimized thwi
reprocessing, optimizing parameters like derivatfileering,
conditions/decisions...

4-Endpoint EXAMPLE :
- Upward rupture

Softwares

Endpoint detection and Health Monitoring are avdéda A
thanks to Recipe Designer and Sigma_P software (from:
Horiba Jobin Yvon Company): :

Upward
Rowoward

Rupture
intensity ——|

Signal (a.u.)

Recipe Designer, Engineering Flow

Based on new advanced mathematical treatment like
wavelet and rupture probability, including analgtic
methodology and sophisticated signal processiRgcipe
Designer allows satisfying all the needs of in-situ plasma
process control. On the figure 1, the principleeodpoint S PR |
detection using Recipe Designer is illustrated. Bufware <Fig. 4> Sigma_P endpoint
permits to extractsemi-automatically relevant wavelengths -
contained on raw spectra, characteristic of plashamge like  Then, the endpoint has to be confirmed using, fanele:
interface achieved, impurities detection, and emdpo . Scanning Electron Microscope (SEM cross section)
found... measurement (Fig. 4)

- Prepared wafers with varying thickness to show the
correlation versus endpoint time (Fig. 5)
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<Fig. 2> Recipe Designer principle for EPD

<Fig. 5> Endpoint algorithm validation

Sigma_P Statistics

Engineering Tools to help process engineer to dgvelealth
Monitoring algorithms [6]

Rupture slope may be “upward” or “downward”. Working
simultaneously on several runs result, Recipe Design TO achieve preventive and comparative actionsmaid®
defines a threshold on the best rupture intensity then  contains a Health Monitoring Toolbox:
check validity over those samples (Fig 3). - Spectrum and kinetics comparator with pattern enpvel
models
- Process Tags
- Trends
- Fingerprinting using references



- Real time action: Health Warning,

Emails...

EXPERIMENT

In this study, Dual damascene etch process is eefb in a

TEL SCCM etch chamber (dual source). This process has

many etch steps:

- ARC open and Nitride etch with endpoint detection

possibility (Arc to Oxide and SiN to Copper interéd
- VIA etch which use a very high selective chemistxide
to SiN with low open area (less than 2%), and @teh

is minimum on actual production wafers, so endpoint

detection is very difficult
- Trench etch which has no stop layer, so the goab is
control these two steps using Health Monitoring

First we decide to evaluate:

- EPD on the Arc open step, low open area but wikbwa
polymerizing effect

- Health monitoring on the Partial VIA step with saopen
area (2%) but with a high polymerizing effect

EPD on MxVx etch process

On this process, we want to detect endpoint at Ah&
Reflective Coating / SiO interface (Fig. 6).

TiN

<Fig. 6> Step ARC open

This step exists with two types of integrations:
- One with a 193 nm resist
- One with a 248 nm resist

With a 193 nm resist, ARC is less thick than the ARG &
248 nm resist.

Health Stop,
continuation until Default time to avoid under etch

Time {5}

R 193 nm @ 32 seconds

Runs(d..)

Tifmea (2]

Runsfau.)

<Fig. 7> Resist 193 & 248 nm statistic results

This difference of thickness is visible with endpdime on
the figure 7: with a 193 nm resist, we found anpeiiit
earlier than with a 248 nm resist. For both typeesist,
statistic results show a good reproducibility odgwint time.

Then, this endpoint has been validated with a SEbbx
section:

R 248
ARC
TiN
Sio2

EPD

<Fig. 8> SEM cross section on 248 nm resist

ARC is opened in 45 seconds with 248 nm resist (a&ith
overetch), figure 8. A little overetch is alreadsgible on SiO,
as awaited.

Health Monitoring on MxVx etch process (Partial VIA
step)

In this part, we want to detect all wafers consderas
abnormal on the Partial VIA (2% open area) stemfidxVx
process. Thus, various defects into productionpescihave
been simulated. These defects are resumed belgwdi



Wafers
EnG1
ENGZ
ENG3
ENGA
ENGS
ENGE
ENGT
ENGE
ENGS

Parameters
GAP  +5 mm
02: -4 scom

02: +2 scem

Top Power : - 200 W
Top Power : + 200 W

Pressure : +10 mT

Pressure 1 - 10 mT
C5FB 1 +3 scom
CEFB -3 scocm

<Fig. 9> Various modifications of recipe for HM

The wafer ENG1 simulates a GAP (inter electrodesplem,
the ENG2 and ENG3 simulate an abnormal quanti®.ojas,
the ENG4 and ENGS5 feign a power problem, the ENG® a
ENG?7 simulate a pressure problem, and the last EENGS 8
and ENG 9) simulate an abnormal quantity efg3jas. These
parameter’'s drifts are chosen for their sensitivity the
process (etch stop or less selectivity) or equigroapability.

- Etch stop: too much polymers, ratio CF2/SiF4éases

- Loss selectivity: less polymers, ratio CF2/SiFdrdases

The aim was to develop an algorithm able to det&be
algorithm integrates a superior and an inferioeshold in
order to constitute an envelope (Figure 10: greetied).
When the signal characteristic of these wafers sesthe
envelope, the signal has to be stopped. Monitoigrthts are
the ratio between ENGX intensity and referencenisitg (so
reference is at 1). This reference was realizexh facstandard
wafer during a standard process. On the figuretii€re are
the results. In x-axis, the time in second, ang-exis, the
intensity. All the signals characteristics of thegsafers are
stopped. Hence, Health Monitoring algorithms arde aio
discriminate miss-process even without managingeind.

SignalENGX

Signal = —=———
SignalENG10

production
wafers

W mew  ome w0 w0 s o0 men Tina o1

<Fig. 10> Results concerning Health Monitoring on MVx

Furthermore, in order to give more realism to thiady,
several batches from production (Figure 10: thee laurves)
are inserted to check if Health Monitoring algamitlis strong
enough to deal with classical wafers. And some hafsé
production lots are rejected due to Health Monitgrieason.
After analysis, result is that wafers with too difint open
area cannot be monitored with a single recipe. ddugther,
each technology has to be monitored with a dedicegeipe
containing a relevant reference.

Health Monitoring on CA etch process

On contact etch (CA), Health Monitoring target isfitotool
evolution (polymerization) between two wet cleansd a
monitor the tool drifts (Figure 11). On this pictuthe N leak
causes the instability of the electric signal. HMien wanted
is to detect the leaks before the first abnormafewaf the
batch to avoid any degradation.

<Fig. 11> Tool drift and stop at the batch

This process is very sensitive a} Bas leaks which change
the plasma composition and destroy the wafers. Befoe
use of HORIBA Jobin Yvon system, these leaks were
detected too late because the time between thadtdblnd
the warning mail sent to the engineer is about @si1oNow
with this system we are able to detect very quithBse leaks
and act on the tool during the production. So,déstruction
of several batches is avoided. The engineers destabact
immediately during the drift because the systeroisfigured
to warn the engineers at the first signs of driftd/ar stop
immediately the tool.

Health Monitoring on Wet Clean recovery

Another application of Health Monitoring is the frsis of

the production. On the figure 12, there are thassi@aresults

on about 7500 wafers (with 6 wet cleans). In x-dRisre is

the number of wafers and in y-axis there is thaaintensity.

The figure 12 gives us two important results:

- after each Wet Clean, the signal doesn’t start i
same intensity, so Wet Clean procedure must be
modified to obtain better reproducibility

- depending on Kits used, chamber life duration fiedint

Statistic result

2 Kit 1
} Kitl‘ 2
B TN 1‘"“_, Vi e

#1 #4935 #1869 #2803 #3737

Runs{a.u.)

#4871 #5605 #6530 #7473

<Fig. 12> Health Monitoring on CA etch process
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<Fig. 13> Two different Tool Kits

On this picture, two Tool Kits have been emphasingith
two groups of points. We note there are two simitands
(same slope) for two different Tool Kits. We seattthe
polymerization (the equipment’s clogging) is line@hus, we
can follow the tool's clogging, and predict the wétan as a
function of Tool Kit installed.

CONCLUSION

Monitoring the MxVx and CA process was extremely
challenging due to low open area (2%), high selecti
chemistry, wet clean management, and polymerization
Endpoint detection using OES method proves to be a
powerful technique that meets the plasma etchiegiaef the
next generation of logic chips. Even if endpoinhroat be
raised, Health Monitoring permits to manage chamiifer
duration and process drift to avoid miss-processing raise
alarm if necessary. But to do Health Monitoring on
production environment, optical setup from chamioe©ES
system must be well known and reproducible chamber
chamber and Wet Clean after Wet Clean.
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