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Introduction

e Current plasma etching process optimization and monitoring

— 1-D data provided by tool (reflected power, V., optical emission
intensity, etc.)

— 2-D data provided by post-etch measurement (critical dimensions or film
thickness changes)

» Better to monitor plasma condition across wafer surface in near-
real-time: KLA-Tencor PlasmaVolt sensor wafer to measure
surface voltage (“V,")

- Vs is influenced by plasma density, sheath voltage, and frequency
— 2-D array of sensors across the surface of a 300 mm wafer

— Time-resolved—collects data throughout multi-step plasma process

 We compare Vwith V,,. and show effects of process parameter
and hardware changes

« Wafer-level Vmeasurements are valuable for plasma monitoring,
chamber matching, and process optimization A~
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Plasma etch processes and tools

e Processes
— Fluorocarbon-based plasmas

— For etching inorganic dielectric film stacks to form dual
damascene trenches/vias for 45 nm Flash technologies

* Multi-frequency, capacitively coupled industrial plasma
etching systems

—Tool A: 2, 27, and 60 MHz power supplies connected to lower
electrode (grounded upper electrode)

—Tool B: 13.56 MHz connected to lower electrode; 60 MHz
connected to upper electrode (with option of increasing DC bias
on upper electrode)

N
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PlasmaVolt wafers

* 300 mm wafers
 Autonomous wireless wafer-level data collection
* Precision instrumented electrical measurements of the plasma
 Measurement capacitor is connected to RF peak detection circuitry
— No ground reference
— Measurement is calibrated in a 13.56 MHz electric field
Plasma
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Surface voltage measurement, “Vg”

Capacitor is in series with sheath,
Plasma

hence Vi o Jore~ Vow?ng  (McVittie,
Titus)

ATETECTE LT LTy I 111 111 11 | {111 {T0R 1T LTI

Sheath

Vie ~ Vsngw?
where:
V, is DC component of sheath voltage
Ns is plasma density at edge of sheath

w is RF driving frequency

In practice, Vrr responds to source power, bias

power, pressure, flow, and other parameters I~
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Sample PlasmaVolt data
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Vier Vs @nd ion energy

« Commercial etchers generally display a single voltage
measured at the wafer electrode: V,, or V,,

 RF applied to the wafer electrode causes a self-bias to develop

(to maintain charge balance)

— Voltage waveform shifts negative, becoming positive just long
enough to collect electrons that counterbalance the positive ion flux

—If there are no collisions in the sheath, the maximum ion energy will
be close to the DC bias, V. (or about V, /2)

s+ + A+ +
OZA &t -~
.................. \ Vo (= V,./2)
N
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Is V,; the same as the wafer electrode voltage
reported by the tool?

 No—VIs affected by plasma density, not just ion energy
-Vand V,, may be directly proportional (vary low frequency power)
-V, and V . may be inversely proportional relationship (vary pressure)

— Sometimes the relationship is nonlinear (e.g. when mixing powers,
which affects both ion energy and density)

« No—V is spatially mapped, not a single measurement
 No—V,; measurement is independent of etch tool hardware design
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Vvrf (V)
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Effect of chamber pressure
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Effect of total flow

» Varied total flow, keeping zjﬁﬁ
ratios and pressure constant 6200

* No effect on V,; little effect on 2 80
Vdc > 5800
5600

» Total flow may sometimes 5400
have little effect on ion energy 5200

or plasma denSity 0 200 400 600 800 1000 1200 1400

Total flow (sccm)

700
695
690

| Vde | (V)

680
675

670
670 675 680 685 690 695 700 0 200 400 600 800 1000 1200 1400

| Vdc | (V) Total flow (sccm)



o000
o000
0900

Effect of adding CO

e CO s added to fluorocarbon
chemistries:

—Improves selectivities and loading

effects
— Also shown to cause UV damage
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Effect of adding CO

» Adding CO reduces average V, for both 2/27 MHz and 2/60
MHz, but V,; uniformity is affected differently

— For 2/27 MHz plasma, CO improves V,; uniformity
— For 2/60 MHz plasma, CO degrades V,; uniformity
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Chamber matching

 PlasmaVolt is useful for chamber matching—quickly detects
transients and differences in specific steps
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Vpp (V)
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Using V,; to adjust process

after chamber hardware modification

 Lower electrode hardware modified to improve power
coupling—how to compensate process?

-V,,: 0-10% difference in bias power coupling

-V 20-25% difference in bias power coupling

— Detailed process study (etch rates, profiles, LER) showed ~ 30%
difference in power coupling—so V,; was more useful for

chamber hardware compensation
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Effect of added bias on upper electrode

« Increasing applied DC bias on o
upper electrode causes lower 2500
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Effect of added bias on upper electrode

 Increasing applied DC bias on upper electrode also

degrades V, uniformity—very high V at wafer center
(problem is not detectable from single-point V,, data)

« May imply that plasma density is becoming nonuniform with

applied DC bias—plasma damage concerns
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Conclusions

 Value of PlasmaVolt V

— Responds to plasma density, not just ion energy—more
information than just V /V,,

— Maps V,; across wafer—may detect plasma nonuniformities

— Develop hardware/process to minimize V  or nonuniformity—may
reduce plasma damage

—Independent of etch system hardware—compare a variety of
etchers/processes

« Case studies
— Process parameters (frequency, power, pressure, flow, gases)
— Chamber matching
— Process adjustment after hardware modification
— Identified undesirable effect of increasing upper electrode bias

N
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Trademark Attribution

Spansion®, the Spansion logo, MirrorBit®, MirrorBit® Eclipse™,
ORNAND™, ORNAND2™ HD-SIM™,  EcCoORAM™ and
combinations thereof, are trademarks of Spansion LLC in the
U.S. and other countries. Other names used are for informational
purposes only and may be trademarks of their respective
owners.

This document is for informational purposes only and subject to
change without notice. Spansion does not represent that it is
complete, accurate or up-to-date; it is provided “AS IS.” To the
maximum extent permitted by law, Spansion disclaims any
liability for loss or damages arising from use of or reliance on
this document.
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