Optimizing PVT Silicon Carbide Crystal
Growth: High-Performance Thermal Field
Materials and Quantified Advanced
Manufacturing Metrics

Introduction

Silicon carbide (SiC) crystal growth represents one of the most demanding thermodynamic and
chemical processes in modern power semiconductor manufacturing. The Physical Vapor
Transport (PVT) method, operating at temperatures exceeding 2000°C to 2400°C under severe
closed-system vacuum and chemically corrosive environments, requires thermal field
consumable materials that can withstand extreme thermal gradients and reactive species while
maintaining sub-part-per-million (sub-ppm) purity levels [1]. For global semiconductor
manufacturers, the structural integrity and chemical purity of these internal hot-zone
components directly govern crystal growth kinetics, polymorph stability (specifically preventing
6H-SIiC or 8H-SiC inclusions within the desired 4H-SiC matrix), and structural defect densities
[2]. Consequently, the optimization of advanced carbon-based and ceramic-coated
consumables directly modulates production throughput, wafer yields, and the macro-economics
of fab operations.

The Critical Thermodynamic and Material Challenges in PVT SiC
Growth

1. Severe Operational Environments and Material Degradation

The sublimation of SiC source powder during the PVT process generates highly reactive
gaseous species, primarily consisting of Si, Si2C, and SiC2 [3]. At operational temperatures
reaching up to 2700°C, traditional, uncoated isostatic graphite hot-zone components undergo
severe thermochemical degradation. The vapor-phase silicon species react aggressively with
the exposed porous graphite matrix via:

Si (g) +2C (s) — SiC2 (g)
This corrosive erosion leads to mass loss, geometric distortion of thermal field gradients, and

structural degradation of the graphite phase.

2. Impurity Diffusion and Crystal Defect Evolution

Moreover, traditional graphite components possess inherent metallic and non-metallic impurities
(such as Boron, Nitrogen, Aluminum, and Titanium) trapped within their microstructures. At



temperatures above 2000°C, these trace elements exhibit elevated diffusion coefficients,
migrating out of the graphite phase and into the vapor phase [4].

e Nitrogen (N) contamination directly alters the electrical resistivity and carrier concentration
profiles of the growing SiC boule.

e Boron (B) and Aluminum (Al) introduce unwanted deep-level or shallow-level p-type
compensation centers in n-type (4H-SiC) substrates.

e Metallic impurities act as nucleation sites for structural macro-defects, inducing
micropipes, Basal Plane Dislocations (BPDs), and Threading Screw Dislocations (TSDs) [5].

3. Production Bottlenecks of Traditional Components

Because traditional graphite consumables experience rapid degradation, typical PVT reactor
maintenance cycles are limited to less than three months. This short lifespan creates
compounding operational challenges: chronic particle contamination, drift in the spatial thermal
distribution over extended growth runs (up to 100 hours per boule), and unpredictable
crystallization fronts. For high-volume manufacturing facilities, this results in degraded wafer
yield, frequent equipment downtime, and highly volatile operational expenditures (OpEX).

Advanced Thermal Field Solutions via Engineered Material
Architectures

To address these fundamental thermodynamic bottlenecks, Semixlab Technology Co., Ltd. has
developed an integrated suite of advanced carbon and ceramic-coated thermal field materials.
Leveraging over 20 years of foundational carbonaceous material research derived from the
Chinese Academy of Sciences (CAS), the company provides targeted metallurgical and
chemical coatings designed to stabilize the PVT growth front.

1. CVD Tantalum Carbide (TaC) Coated Guide Rings

Tantalum carbide (TaC) represents a premier ultra-high-temperature ceramic (UHTC) owing to
its exceptional melting point (~3880°C) and robust chemical stability against aggressive silicon
vapor chemistry [6]. Semixlab’s Chemical Vapor Deposition (CVD) TaC coatings are engineered
to maintain complete phase stability up to 2700°C. By acting as a hermetic diffusion barrier over
graphite guide rings, the CVD TaC layer completely suppresses the gas-solid reaction between
volatile silicon species and underlying carbon. This eliminates graphite mass loss, prevents
carbon-induced polygonization defects at the crystal edge, and maintains strict structural and
thermal symmetry across extended growth campaigns.

2. High-Purity Gas-Phase CVD Synthesized SiC Raw Material (7N Purity)

The purity of the initial solid charge dictates the baseline defect density of the single crystal.
Traditional feedstock synthesized via the Acheson process typically exhibits high concentrations
of nitrogen and metallic aggregates, requiring extensive, multi-step thermal purification.
Semixlab delivers High-Purity SiC Raw Material utilizing a specialized high-temperature gas-



phase CVD synthesis pathway, achieving an absolute purity level of 7N (99.99999%) with an
exceptionally low nitrogen concentration of 4.9 x10*15cm”-3. This ultra-precise control over the
synthesis reaction of high-purity silane and hydrocarbon precursors in the gas phase effectively
prevents the incorporation of trace metallic and gaseous impurities, ensuring optimal grain size
distribution and gaseous purity for subsequent PVT sublimation.

Al1-24-14

N conc. = 4,98x10" [atom/cm3)(500-1500um)

1E+420

Concentration:[atomr/em3]

3. Engineered Micro-Porous Graphite Components

The spatial distribution of axial and radial temperature gradients within a PVT crucible
determines the shape of the liquid-gas crystallization isotherm. Semixlab utilizes specialized
isostatic graphite components featuring precisely controlled, engineered micro-porosity. These
components act as customized thermal insulation and gas-permeable barriers, optimizing
internal gas transport dynamics and minimizing turbulent convective flows. The resulting thermal
field stability mitigates thermal stress-induced cracking in large-diameter (8-inch) SiC boules.

4. Pyrolytic Carbon (PYC) Protective Coatings

For critical structural graphite surfaces, Semixlab applies an ultra-dense, anisotropic Pyrolytic
Carbon (PYC) coating. The layer is characterized by a highly oriented graphene sheet
architecture parallel to the substrate, yielding a smooth, glassy, and completely non-porous
finish. This coating effectively seals micro-voids in the graphite substrate, preventing the



entrapment of ambient gases during reactor loading and eliminating particle shedding caused
by mechanical friction or thermal cycling.

Quantified Kinetic and Operational Performance Improvements

The insertion of Semixlab’s technical thermal field components into commercial PVT
manufacturing loops has yielded highly reproducible, quantified performance gains across
several key metrics:

Performance Metric Traditional Thermal Semixlab Advanced Macro-Economic & Kinetic

Field Baseline Solution Impact

Crystal Growth Rate Baseline (100%) 15% — 20% Increase Accelerated boule throughput;
increased utilization efficiency per
reactor hour.

Total Wafer Yield Highly Volatile (60% - > 90% Yield Stability Dramatic reduction in structural
75%) defects (BPD, TSD); lower cost-
per-wafer.
Maintenance Cycle 3 Months 6 Months (100% 50% reduction in annual reactor
Extension) downtime; minimized thermal

reset variations.

Total OpEx Reduction Baseline (100%) Up to 40% Reduction Amortized consumable costs;
reduced labor and energy
overhead per wafer run.

Technical Analysis of Yield and Kinetics

The 15-20% enhancement in crystal growth kinetics is attributed to the stabilization of the
supersaturation ratio of the reactive vapor species over the seed crystal, driven by the non-
degrading geometry of the TaC-coated components [7]. Simultaneously, the achievement of
>90% wafer yield stems directly from the suppression of foreign particle inclusions and point
defects. By lowering the total defect density to < 0.05 defects/cm?, manufacturers drastically
eliminate the primary vectors for wafer cracking and structural dislocation propagation during
the post-growth cooling phase.

Technical Differentiation and Global Manufacturing Infrastructure

Sub-ppm Micro-Purity Control

Through proprietary chemical purification and CVD parameter optimization, Semixlab maintains
total metallic and non-metallic contamination within its CVD SiC coatings to below 5 ppm. For its



7N SiC feedstock, nitrogen concentrations are meticulously regulated to meet the ultra-low
levels required for semi-insulating (SI) and high-voltage power devices.

Precision Machining and Multi-Platform Interchangeability

To guarantee seamless drop-in compatibility with global OEM reactor architectures, Semixlab
utilizes high-precision CNC machining centers operating within a strict 3-micrometer (3 pm)
dimensional tolerance matrix. Supported by an extensive internal blueprint database, these
components serve as qualified, high-performance direct replacements for platforms from leading
global equipment manufacturers, including Applied Materials, Lam Research, Veeco, Aixtron,
LPE, ASM, and TEL.

Scaled Production and Industrialization Ecosystem

Operating from its advanced manufacturing base in Zhuji City (Shaoxing, Zhejiang Province),
Semixlab deploys 12 continuous production lines covering the full vertically integrated process
chain:

Raw Material Synthesis — CNC Machining — CVD SiC/TaC Deposition/PYC Coating —
GDMS/SIMS Quality Assurance

This scaled industrial infrastructure is further validated via deep R&D integration with Yongjiang
Laboratory’s Thermal Field Materials Innovation Center. This strategic collaboration has scaled
the annual production of high-purity CVD SiC-coated graphite components to over 10,000 units
per year, while achieving a 50% manufacturing cost reduction relative to legacy foreign
monopolies. This localization of advanced supply chains ensures supply chain resilience and
cost parity for global device manufacturers.

Market Validation and Strategic Value for Fabricators

As the wide-bandgap semiconductor industry rapidly transitions from 6-inch to 8-inch wafer
platforms to capture economies of scale [8], thermal field stability becomes non-negotiable.
Larger thermal masses require longer growth times and exhibit lower tolerances for radial
temperature fluctuations.

Semixlab’s technical solutions have achieved deep market validation through long-term
gualification and high-volume supply agreements with over 30 tier-1 global wafer manufacturers
and compound semiconductor enterprises. The company’s active customer portfolio includes
recognized market leaders such as Rohm (Si Crystal), Denso, LPE, Bosch, GlobalWafers,
Hermes-Epitek, and BYD.

For these high-volume fabricators, implementing Semixlab's thermal field technology directly
shifts the economic curve of SiC substrate production:



e Capacity Expansion Without Capital Expenditure: The 15-20% growth rate acceleration
allows fabs to increase annual substrate output from their existing reactor footprints without
capital-intensive investment in new PVT furnaces.

e Minimized Operational Risks: Extending reactor maintenance cycles to 6 months
minimizes the frequency of thermal field teardowns, reducing the risk of operator error and
ensuring batch-to-batch consistency.

e Avenue to Automotive Quality: The reduction of substrate defect densities to < 0.05
defects/cm? translates directly to higher gate oxide integrity and superior reliability in
downstream automotive-grade SiC MOSFETSs used in electric vehicle (EV) traction inverters

9.

Conclusion

The physical vapor transport synthesis of single-crystal silicon carbide requires strict control
over extreme high-temperature thermodynamics and chemical purities. Semixlab Technology
Co., Ltd. addresses these fundamental process challenges through highly engineered material
solutions, including ultra-dense CVD TaC coatings, 7N-purity gas-phase CVD synthesized SiC
raw materials, precision micro-porous graphite, and pyrolytic carbon barriers.

Backed by data demonstrating a 15-20% increase in growth rates, a >90% wafer yield, a 100%
extension in component operational lifetimes, and up to a 40% reduction in total operational
costs, Semixlab provides a mathematically validated paradigm for advanced SiC substrate
manufacturing. Supported by 12 integrated production lines, an extensive patent library, and
gualification across 30+ leading global semiconductor customers, Semixlab stands as a vital
partner in scaling the global wide-bandgap power semiconductor ecosystem.
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