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Executive Summary

The semiconductor industry is currently witnes-
sing a renewed focus on alternative metallization
concepts. In particular, molybdenum based pro-
cesses are gaining significant attention, driven
by the need to reduce fluorine related side effects
associated with conventional WFs-based tungsten
deposition. At the center of this transition is Mo-
lybdenum(VI)dichloride dioxide MoQO2Clz - a solid
precursor that combines excellent electrical
properties with compatibility for advanced high-
aspect-ratio structures.

However, the industrial adoption of Mo02Cl2 intro-
duces a fundamental engineering challenge: the
reliable and reproducible evaporation of solid pre-
cursors under high-temperature, high-flow, and
safety-critical conditions.
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SEMPA's VAPORBOT has been specifically de-
signed to address these challenges. It provides
a centralized, high-temperature solid precursor
evaporation platform with integrated pump sta-
tion, active temperature control, and precise de-
livery pressure regulation, enabling stable vapor
generation for demanding CVD, ALD, and EPI pro-
cesses.

This paper outlines the technological background,
the specific challenges associated with Mo02Clz,
and the system architecture that enables indus-
trial-scale deployment.

MoO0,Cl, - A Material in Strong Industrial Focus

The industry’'s shift toward alternative metal
electrodes and barrier layers has intensified the
search for fluorine-free process routes. Traditio-

nal tungsten deposition using WFs can leave fluo-
rine residues, potentially affecting dielectric lay-
ers and interface stability in advanced nodes.

Molybdenum has emerged as a compelling alternative due to its:

» Low electrical resistivity
« Excellent thermal stability

» Strong compatibility with high-aspect-ratio structures
» Absence of fluorine in deposition chemistry

Beyond integrated circuits, Mo films are ap-
plied as diffusion barriers, photomasks, and
substrates for power electronic devices. Fur-
thermore, their role extends to renewable
energy technologies, where they function as
metal electrodes in solar cells to minimize
energy loss, while molybdenum nitride va-
riants are investigated as promising anode

materials for lithium-ion batteries.
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Among molybdenum precursors, Mo02Cl2 stands
out as particularly promising.

It enables high-quality molybdenum film for-
mation while avoiding the fluorine-related
integration risks inherent in WFe-based pro-

WFg-based tungsten deposition (simplified)

Deposited
W film

\ Byproducts

Yet, Mo02Clz is a solid precursor with low vapor
pressure and elevated sublimation temperature
requirements (Melting point = 176°C). Its success-
ful industrial use therefore depends less on che-
mistry and more on evaporation technology.
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cesses. As device scaling continues, this
fluorine-free pathway is becoming increasingly
relevant for advanced interconnects and electrode
applications.

Fluorine-related side effects in advanced structures

. ﬁ/ % Interaction with fluor-sensitive
NN dielectric layers

Fluor residues at interfaces
(Increased resistivity risk)

Corrosion and increased
maintenance effort

The ability to generate a stable, precisely con-
trolled vapor phase from Mo0OzClz is now a decisive
enabler for process integration.

The Engineering Challenge of Solid Precursor Evaporation

Unlike liquid precursors, solid materials introduce
several interrelated challenges.

First, their vapor pressure is typically low, requi-
ring elevated operating temperatures to achieve
sufficient precursor flow. Second, temperature
gradients within the canister or cabinet can cause

inconsistent sublimation behavior. Third, desub-
limation in valves and transfer lines can lead to
pressure instability, drift, or system blockage.
Finally, many chloride-based precursors are cor-
rosive and potentially toxic, demanding robust
material selection and comprehensive safety ar-
chitecture.

In high-volume manufacturing environments, these issues directly impact:

» Process reproducibility
e Film uniformity

e Tool uptime

» Maintenance intervals
» Safety compliance

Consequently, solid precursor evaporation must be treated not as a peripheral subsystem, but as a core
process platform.
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The VAPOR'BOT Architecture -

SEMPA's VAPOR'BOT has been developed specifi-
cally for demanding solid precursor applications,
including Mo02Cl2, WCls, HfCls, GeClz2, AICIs, and
ZrCla.

At its core, the system combines controlled high-
temperature operation with precise pressure

PART OF MEPTAGON GROUP

Designed for Mo0,Cl,

management and integrated safety features. Rat-
her than relying on passive heating concepts, the
VAPOR'BOT actively stabilizes the vapor genera-
tion process.

High-Temperature Operation for Low Vapor Pressure Materials

MoO:2Clzrequires elevated temperatures to gene-
rate sufficient vapor pressure. The VAPOR'BOT
operates the cabinet in the 160-200 °C range
where necessary, ensuring stable supply pres-

Individual Heating Concept

One of the critical innovations lies in the separa-
tion of thermal zones. The canister is equipped
with anindividual heatingjacket, while the cabinet
itself functions as a controlled oven environment.
This dual-level heating strategy reduces tempera-

Integrated Valve Heating and Flow Optimization

Valves are integrated directly within the heated
cabinet environment. This prevents cold spots
that could otherwise promote precursor conden-

sure conditions for demanding applications. High
temperature capable components are selected to
maintain reliability under these operating condi-
tions.

ture gradients and prevents localized condensa-
tion effects.

By stabilizing the entire vapor path thermally, the
risk of desublimation - a common issue with solid
chlorides - is significantly reduced.

sation. Large-dimension valves in process lines
minimize pressure drop and enable higher flow
stability.
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Active Pressure and Temperature Control

Modern ALD and CVD processes operate within
narrow pressure windows.

VAPOR'BOT incorporates active temperature ad-
justment based on canister fill level, ensuring
stable supply pressure throughout the precursor
lifecycle.

In addition, the system includes:

» High temperature pressure sensors

Delivery pressure can be controlled with a pre-
cision of +50 Torr, which is particularly relevant
for advanced process tools requiring tightly con-
trolled partial pressures.

» Flow measurement including temperature monitoring
» Concentration monitoring for carrier gas applications

» Concentration monitoring
for carrier gas application

» High temperature
pressure sensor

¢ Flow measurement incl.
temperature measurement

The result is a closed-loop vapor generation plat-
form capable of maintaining stable Mo02Cl2 deli-
very over extended process runs.

Safety and Material Integrity for Chloride-Based Precursors

Mo02Cl2 and related chlorides require careful ma-
terial compatibility and safety management.

VAPOR'BOT SOLID addresses corrosivity through
the use of special alloy components instead of
standard stainless steel. Toxicity risks are miti-
gated through cabinet ventilation, gas detection,
and exhaust flow monitoring.

Overheat protection is ensured through multiple
temperature sensors, software-based high-pres-

sure relief functions, and accurate temperature
control.

Operational reliability is further supported by
emergency gas shutdown functionality, safety in-
terlocks, multi-level user access control, PLC-ba-
sed control with 12" touch screen interface, and
SCADA communication capabilities.

These features make the system suitable for both

R&D environments and high-volume manufac-
turing.
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Industrial Integration and Efficiency

The VAPOR'BOT is designed as a complete system
solution, including an integrated pump station.
It supports canisters up to 40 L and can operate
with argon or nitrogen as carrier or purge gas.

A particularly relevant aspect for cost efficiency
is precursor utilization. The system enables more

than 95% precursor utilization at canister change-
over. For high-value materials such as MoOQ2Cle,
this significantly reduces operational cost and
material waste.

Exhaust

Exhaust  Exhaustpump  Voltage  Pneumatic

- N2
A0 4

ﬁﬁ@@;

»
TS @ o

& S S

0

Touch Panel

S %D

Air supph >
i supply 1 oven

Hl

Pump station

Conclusion - Enabling the Transition to Mo0,Cl,-Based

Processes

Mo0O:zClz is increasingly recognized as a key pre-
cursor for fluorine-free molybdenum deposition
in advanced semiconductor manufacturing. Its
adoption is driven by integration benefits and
electrical performance advantages. However, its
solid-state nature and low vapor pressure make
evaporation technology the decisive factor for
industrial viability.

SEMPA's VAPOR'BOT SOLID provides a purpose-
built solution for this transition. Through con-

trolled high-temperature operation, active pres-
sure regulation, thermally integrated flow paths,
corrosion-resistant materials, and comprehen-
sive safety architecture, it transforms solid pre-
cursor evaporation from a bottleneck into a stable
process platform.

As molybdenum-based processes move further
into industrial focus, robust evaporation systems
will play a central role in enabling reliable and scal-
able production.
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