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CTIA GROUP
Common Questions and Answers

About Tungsten Heaters

1. Basic Questions About Tungsten Heaters

Q1l: What's Tungsten Heater?

A: Tungsten heater is essentially a type of high-temperature resistance heating element
that uses metallic tungsten as the conductive and heating core. Its base material is
typically pure tungsten wire or doped tungsten wire, such as potassium-doped tungsten
or rare earth doped tungsten. Through wire drawing, twisting, winding, or forming
processes, the material is fabricated into heating components with specific geometric
structures.

Long-term practical applications have shown that tungsten heater is not a standardized
component, but rather a highly customized thermal field execution unit. Its core
structure generally consists of three parts: (1) Conductive heating element (tungsten
wire body); (2) Structural configuration (coil, basket, U-frame, etc.); (3) Electrothermal
parameter design (resistance and power distribution).

Within CTIA GROUP’s design system, tungsten heater is usually integrated as part of
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an equipment thermal field system and requires coordinated design with the power
supply, vacuum system, and workpiece positioning, rather than functioning as an

independent standalone product.

Q2: How Does Tungsten Heater Work?

A: The operating mechanism of tungsten heater can be divided into two aspects:
electrical process and thermal process.

(1) Electrical Process: When electric current passes through tungsten wire, Joule heat is
generated due to the electrical resistance of tungsten. The fundamental relationship is
expressed as P = I2R or P = U2/R.

(2) Thermal Process: The generated heat is mainly transferred through the following
three methods: thermal radiation (dominant, especially in high-temperature vacuum
environments), thermal conduction (through support structures), and thermal
convection (only present in atmospheric environments). At temperatures above 1800°C,
thermal radiation becomes the dominant heat transfer mechanism. Its energy release
follows the Stefan-Boltzmann law, where radiative power is proportional to the fourth
power of temperature.

CTIA GROUP achieves temperature uniformity in practical designs by adjusting the
following parameters: (1) Wire diameter and length distribution; (2) Localized
resistance design; (3) Structural spacing and radiation angle. These measures
essentially control thermal field distribution through resistance distribution
optimization.

Q3: Why Is Tungsten Used as Material for Heaters?
A: Tungsten becomes a high-temperature heating material because of its unique
combination of extreme material properties.

Key Physical Parameters of Tungsten Heating Material

Parameter Value Engineering Significance

Melting Point 3420°C Highest among metals, determines maximum temperature capability
Density 19.25 g/cm3 Maintains structural stability at high temperatures

Vapor Pressure Extremely low Minimizes volatilization at elevated temperatures

Electrical Resistivity ~5.6x1078 Q-m Enables controllable heat generation

Thermal Conductivity ~170 W/m-K Contributes to temperature uniformity

A more critical factor is that tungsten can still maintain metallic strength above
2000°C, while most metals have already melted or significantly softened at such
temperatures. CTIA GROUP further differentiates material systems based on
application requirements, including cost-effective pure tungsten, potassium-doped
tungsten with improved anti-sag performance, and rare earth doped tungsten with
superior high-temperature stability.
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Q4: What's the Maximum Operating Temperature of Tungsten Heater?
A: From the material limit perspective, tungsten heater can theoretically operate close
to 3000°C, but practical engineering applications do not typically use it under such
extreme conditions.
Tungsten Heater Operating Temperature and Applications

Temp. Range Operating Condition Engineering Recommendation
<1500°C Low load Long service life

1500—2000°C Standard operating condition Mainstream applications
2000-2600°C High-temp. condition Doped tungsten recommended
>2600°C Extreme operating condition Service life decreases significantly

The key factors limiting maximum operating temperature are not melting point itself,
but recrystallization-induced strength reduction, creep deformation (sagging),
evaporation loss, and surface contamination. Tungsten heater should not be designed
solely based on maximum temperature limits. CTIA GROUP believes that the optimal
solution should balance service life and operational stability.

Q5: Can Tungsten Heaters Be Used in Air?

A: No. This is one of the most critical limitations of tungsten heater applications. At
elevated temperatures, tungsten reacts with oxygen to form tungsten trioxide (WO3),
which features strong volatility and easy sublimation, resulting in rapid material
consumption.

The oxidation behavior of tungsten generally follows these stages:

(1) <300°C: Basically stable; (2) 400-600°C: Oxidation begins; (3) >800°C: Rapid
oxidation and failure.

Therefore, CTIA GROUP typically requires the following operating environments for
tungsten heaters:

(1) Vacuum environment (preferred);

(2) Hydrogen reducing atmosphere;

(3) Inert gas atmosphere (Ar, N2).

Any oxygen-containing environment will drastically reduce the service life of tungsten
heater.
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Q6: What Are Differences Between Tungsten Heaters and Nichrome
Wires?

A: The essential difference lies in the material system and operating environment.
These two products are not substitutes, but belong to completely different application

systems.
Differences Between Tungsten Heater and Nichrome Wire
Item Tungsten Heater Nichrome Wire
Operating Temp. 1500—-2600°C <1200°C
Operating Env. Vacuum / Protective Atmosphere Air
Oxidation Resist. Poor Excellent
Cost High Low
Applications Semiconductor / Vacuum Equipment Household Appliances

Q7: What Are Differences Between Tungsten Heaters and Molybdenum
Heaters?
A: Molybdenum and tungsten are both refractory metals, but their performance
differences define their application boundaries. CTIA GROUP usually recommends
materials according to operating temperature ranges.

Tungsten Heater vs. Molybdenum Heater

Parameter Tungsten Molybdenum

Melting Point 3420°C 2620°C

Operating Temp. Higher Lower

Cost Higher Lower

Creep Resistance Strong Moderate

Temp. Range Above 1800°C, tungsten provides better stability =~ Below 1500°C, molybdenum is more economical
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Q8: What Type of Heating Method Does Tungsten Heater Belong To?

A: From the perspective of physical mechanism, tungsten heater is a resistance heating
element, but its engineering performance is closer to a radiant heating system. The
reason is that when the temperature exceeds 1500°C, thermal radiation accounts for
more than 80% of heat transfer, while convection becomes almost negligible in vacuum
environments.

Therefore, design priorities focus not on contact heating, but on radiation area,
radiation direction, and thermal field uniformity. CTIA GROUP has consistently
followed the fundamental design principle of developing cost-effective
high-temperature radiation sources for customers.

Q9: What Are Basic Structures of Tungsten Heaters?
A: The structural configurations of tungsten heater have evolved to meet different
thermal field requirements. The essence of structural design is to control heat
distribution, improve mechanical stability, and adapt to installation space limitations.
In recent years, CTIA GROUP has combined historical application data with
Al-assisted data analysis to optimize certain application scenarios through the
integration of simulation and engineering experience.

Typical Structures and Functions of Tungsten Heaters

Structure Feature Application

Straight Simple structure Low-power heating

U-frame Concentrated heating Evaporation source

Coil Uniform radiation Vacuum furnace

Basket Material holding Coating evaporation

Twisted Wire Improved anti-sag performance High-temperature operation
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Q10: Why Are Tungsten Heaters Widely Used in High-End Equipment?
A: The widespread application of tungsten heaters in high-end equipment can be
summarized into three core engineering advantages:
(1) Extreme Temperature Capability
Tungsten heater can operate stably above 2000°C, which is a fundamental requirement
for semiconductor and advanced material processing.
(2) Low Contamination Characteristics
Tungsten has extremely low vapor pressure and is less likely to contaminate workpieces,
making it suitable for high-purity environments.
(3) Precise Thermal Field Control
Through structural design, localized heating or uniform heating can be achieved.
CTIA GROUP has accumulated extensive customer resources and
design-manufacturing experience in these high-end fields over many years.
The core advantage of CTIA is not limited to manufacturing itself, but lies in the ability
to integrate with customer equipment and operating conditions, understand practical
application requirements, and even participate in complete thermal field system design
and manufacturing.
Typical Applications of Tungsten Heaters in High-End Equipment

Industry Function

Semiconductor Crystal processing and thermal field control

Photovoltaics High-temperature equipment components

Vacuum Coating Evaporation source

Sci. Res. Equip. High-temperature experiments
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2.Requirements and Applications of Tungsten Heaters

Q11: What's Operating Temperature of Tungsten Heater?

A: The operating temperature of tungsten heater is not a fixed value, but a working
range jointly determined by the material system, structural configuration, and
operating environment. Temperatures above 2000°C is the advantageous operating
range of tungsten heater. After exceeding the recrystallization temperature, the
material gradually undergoes grain coarsening. Therefore, the long-term operating
temperature is usually maintained 200-400°C below the maximum limit temperature.
CTIA GROUP typically determines the operating temperature based on comprehensive
factors such as customer operating conditions and target service life, rather than
simply pursuing higher temperatures.

Tungsten Heater Temperature Ranges by Material System

Material Operating Temp. Max. Temp. Engineering Characteristics
Pure Tungsten 1200—2000°C ~2200°C Low cost and easy recrystallization
Potassium-Doped 1600—2600°C ~2800°C Strong anti-sag capability
Rare Earth Doped
1800—2400°C ~2600°C Excellent high-temperature structural stability
(La, Ce,Y)
Tungsten-Rhenium 2000-2800°C >3000°C High toughness for extreme operating conditions
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Q12: What's Operating Environment of Tungsten Heater?
A: The operating environment determines whether tungsten heater can function
properly, which is an even more critical constraint than temperature itself.
Suitability of Tungsten Heaters Under Different Atmospheres

Operating Environment  Suitability Influence Mechanism Description

Air Not suitable Severe oxidation Rapid failure above 400°C
Vacuum (1072-10"5Pa)  Optimal No oxidation Mainstream environment
Hydrogen Suitable Reducing atmosphere Maintain surface cleanliness
Argon / Nitrogen Suitable Inert gas protection Commonly used in industry
Oxidizing Atmosphere  Not suitable Oxidation and volatilization Strictly prohibited

In vacuum, tungsten has very low vapor pressure for long-term high-temperature use. In

hydrogen, surface oxides are reduced, improving stability. In inert gases, high purity is
Description

required to avoid oxygen-related corrosion. CTIA GROUP adjusts materials and surface

treatments based on vacuum level or gas purity.

Q13: What Are Heating Targets of Tungsten Heaters?

A: The heating target directly determines the structural design method of tungsten
heater and serves as the core input parameter for thermal field design. A critical
engineering principle should be emphasized here: thermal field design takes priority
over structural design. In other words, heat distribution must first be determined
before selecting the structural configuration of tungsten heater. CTIA GROUP usually
performs structural reverse design according to the target temperature distribution
rather than directly applying standard structural configurations.

Tungsten Heater Design Methods for Different Heating Targets

Heating Target  Typical Industry Design Focus Common Structure
Metals Vacuum metallurgy High power, concentrated heating U-frame, straight
Semiconductors Photovoltaics and chips Uniformity, low contamination Coil, mesh

Evap. Materials Coating industry Material holding, heating Basket, spiral
Powders Laboratory / Sintering Localized heating Cup, groove

Glass / Ceramics Material experiments Temperature gradient control Ring, spiral

Q14: Are Tungsten Heaters Used Continuously or Intermittently?

A: Whether tungsten heater operates continuously or intermittently directly affects
material selection and service life design, and is also one of the root causes of many
failure issues. Several key engineering considerations should be emphasized:

(1) Continuous operation places higher demands on high-temperature stability;

(2) Intermittent operation places higher demands on thermal fatigue resistance;

(3) Rapid heating requires more uniform resistance distribution.

Under continuous high-temperature operating conditions, CTIA GROUP usually
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adopts multi-strand twisted structures or doped tungsten systems to suppress
high-temperature deformation.

Influence of Different Operating Modes on Tungsten Heaters

Operating Mode  Temp. Characteristic Main Risk Design Focus

Continuous Long-term constant temperature ~ Creep, grain growth Anti-creep structure
Intermittent Frequent heating and cooling Thermal fatigue, cracking Thermal shock resistance
Rapid Heating High heating rate Local overheating Uniform current distribution
Cyclic Operation ~ Repeated start-stop cycles Microcrack accumulation Structural redundancy design

Q15: What's Installation Space Requirement for Tungsten Heaters?
A: The installation space of tungsten heater not only affects dimensions, but also
determines structural configuration, electrical parameters, and thermal field
distribution.

Influence of Installation Space on Tungsten Heater Design

Space Type Design Strategy Common Structure
Narrow High power density Compact multi-strand
Large Uniform radiation Coil / Mesh
Elongated Axial heating Straight

Chamber Surrounding heating Ring / Spiral
Irregular Customized Special-shaped

Several important engineering constraints must be considered during the design
process:

(1) Sufficient space must be reserved for electrode lead-out structures;

(2) Thermal expansion allowance must be considered;

(3) Stress concentration with support structures should be avoided.

CTIA GROUP usually performs structural optimization based on three-dimensional
installation space to ensure no interference with equipment, reasonable thermal field
distribution, and convenient installation and maintenance.
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3.Common Questions About Tungsten Heater Specifications and
Selection

Q16: How Are Tungsten Heater Specifications Expressed?
A: The specification expression of tungsten heater is essentially a complete description
of the conductive path and geometric structure, rather than a simple dimensional
parameter.
The industry-standard expression format is generally:
Structure (Wire Diameter x Strand Number) - Key Dimensional Parameters (mm)
For example: (0.8x3)-32x15%24x80
Tungsten Heater Specification (Based on the Above Example)

Item Meaning Engineering Function

0.8 mm Single wire diameter Determines resistance and current-carrying capability
x3 Three-strand twisted Improves strength and creep resistance

32/15/24  Dimensions of each structural section Controls heating zone and support zone

80 mm Total length Determines total resistance

CTIA GROUP also pays special attention to the following critical parameters during
engineering design: (1) Effective heating zone length; (2) Cold-end length (lead-out
section); (3) Contact point position; (4) Actual resistance value. Therefore, a complete
specification not only represents dimensions, but also includes implicit electrical
performance design.
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Q17: How to Select Tungsten Heater Wire Diameter?
A: Wire diameter selection is essentially a balance between electrical performance and
mechanical performance. The core constraints mainly come from the following three
aspects:
(1) Current-Carrying Capability: Larger wire diameter provides larger cross-sectional
area, enabling higher current capacity but lower resistance.
(2) Mechanical Strength: Thicker wire offers stronger creep resistance at high
temperatures and is less likely to sag.
(3) Temperature Response Characteristics: Thinner wire heats up more rapidly, but
usually has a shorter service life.

Different Tungsten Heater Wire Diameters and Applications

Dia. (mm) Typical Application Characteristics

0.2-0.4 Low-power laboratory equipment Rapid heating but prone to breakage
0.5-0.8 Medium-power evaporation source Balanced overall performance
0.8-1.2 High-temperature stable structure Strong anti-deformation capability
1.2—2.0 High-current heater Long service life but slower response

CTIA GROUP usually does not select wire diameter independently, but instead
reversely calculates it based on target power requirements.
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Q18: How to Determine Tungsten Heater Strand Number?
A: The fundamental purpose of strand number is not simply to increase thickness, but
to modify high-temperature mechanical behavior.
The difference between single-strand and multi-strand structures is mainly reflected in
the following aspects:
(1) Single-strand structures feature simple configuration and stable resistance.
(2) Multi-strand structures form twisted configurations that significantly improve
high-temperature anti-sag performance.
Twisted structures may introduce contact resistance and localized thermal
non-uniformity. CTIA GROUP optimizes these issues through pitch control.

Influence of Strand Number on Tungsten Heater Performance

Strand Number  Characteristics Applicable Scenario

Single Strand Stable resistance, simple structure Low-temperature or short-cycle operation
2—3 Strands Standard engineering solution Vacuum evaporation

4—6 Strands High-temperature creep resistance Long-term high-temperature operation

Q19: How to Select Tungsten Heater Shape?
A: Shape design is essentially thermal field distribution design, determining how heat
acts on the target material. The general design principles are:
(1) U-frame type is suitable for concentrated heating;
(2) Coil type is preferred for uniform radiation;
(3) Basket type is more suitable for material carrying.
Typical Structures and Thermal Characteristics of Tungsten Heaters

Structure Thermal Characteristic Application

Straight Linear heating Small-scale experiments
U-frame Concentrated heating Evaporation source

Coil Uniform radiation Heating furnace

Basket Enclosed heating Evaporation particles
Mesh Surface heating Large-area heating

Q20: How to Design Tungsten Heater Dimensions?

A: The core of tungsten heater dimensional design is not simply space adaptation, but
the combined result of resistance and thermal distribution. The standard design
procedure is usually as follows:

(1) Determine power requirements;

(2) Determine operating voltage;

(3) Calculate target resistance;

(4) Reverse-calculate length and cross-sectional area.
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Key Variables in Tungsten Heater Dimensional Design

Parameter Function

Total Length Determines resistance
Effective Heating Length Determines heating zone
Lead-Out Section Length Reduces thermal damage

Bending Radius Prevents stress concentration

Q21: How to Calculate Tungsten Heater Resistance?

A: Resistance calculation follows the basic formula: R=p x L/ A

Where:

p = Tungsten resistivity (approximately 5.6x1078 Q-m and increases with temperature)
L = Conductive path length

A = Cross-sectional area

However, practical engineering design must consider temperature influence. At
2000°C, tungsten resistance is typically about 3—5 times higher than at room
temperature. Therefore, actual design calculations must use high-temperature
resistance values. CTIA GROUP adopts temperature correction models during
engineering design rather than simple room-temperature calculations.

Q22: How to Match Current and Voltage for Tungsten Heaters?

A: The current-voltage matching logic of tungsten heater is derived from the power
equations: P = U x I =12R = U2/R

The general design procedure for current and voltage matching is as follows: (1)
Determine target power; (2) Determine equipment voltage; (3) Calculate required
resistance; (4) Design geometric structure to achieve the target resistance.

Typical engineering operating range of tungsten heaters: 5-100V voltage, 10—500A
current, and 100W—-50kW power. A key consideration is tungsten’s relatively low
resistance, which typically requires high operating current and presents a major
engineering challenge in tungsten heater design.
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Q23: Are Tungsten Heaters Customizable?

A: Tungsten heater is essentially a non-standard customized product. CTIA GROUP’s
customization capabilities include: (1) Geometric structure customization; (2) Material
system selection (pure tungsten / doped tungsten); (3) Resistance and power matching;
(4) Service life optimization. Standard products account for only a very small
proportion in practical applications, while most projects require customized
engineering design.

Q24: How to Match Tungsten Heaters to Different Temperature Ranges?
A: Different temperature ranges essentially correspond to different failure
mechanisms.

Temperature Ranges and Design Strategies for Tungsten Heaters

Temp. Range Main Issue Solution

<1500°C Oxidation risk Atmosphere control
1500—2000°C Recrystallization Doped tungsten
2000-2600°C Creep deformation Multi-strand structure
>2600°C Volatilization and structural instability Special structural design

Description ~ CTIA GROUP matches different temperature ranges through optimized materials and structural designs.

Q25: How Do Tungsten Heaters Achieve Uniform Heating?

A: Uniform heating is not simply a geometric issue, but the coupled result of resistance
distribution and radiation distribution. The main optimization methods include:

(1) Adjusting wire diameter distribution (localized resistance adjustment);

(2) Optimizing coil spacing;

(3) Improving structural symmetry;

(4) Controlling current paths.
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Optimization Methods for Uniform Heating of Tungsten Heaters

Method Principle

Variable Cross-Section Design Adjusts localized heat generation
Non-Uniform Pitch Design Controls heat density
Multi-Circuit Structure Distributes current

Symmetrical Radiation Design Reduces hot spots

4.Material and Performance of Tungsten Heaters

Q26: Should Pure or Doped Tungsten Wire Be Used for Heaters?

A: CTIA GROUP selects the material for tungsten heaters based on operating
temperature, duration, and atmosphere, driven by engineering expertise and customer
cost-performance needs rather than just cost or empirical judgment.

Pure tungsten heaters (W = 99.95% purity) are designed for environments with stable
temperature control and low-frequency thermal cycling. They perform optimally in
short-duration vacuum heating and lab-scale testing. Between 1200°C and 1600°C,
pure tungsten retains good electrical and structural properties; however, sustained
high-temperature operation may cause significant grain coarsening, which hastens
material embrittlement.

Doped tungsten heaters incorporate trace elements (such as K, La203, or CeO2) into
the tungsten matrix. By utilizing a powder metallurgy dispersion-strengthened
structure, these heaters achieve significantly enhanced grain boundary stability. This
material system is engineered for long-term operation and continuous
high-temperature heating, offering superior stability especially in environments
exceeding 1600°C.

According to CTIA GROUP’s engineering selection logic, pure tungsten wire is a viable
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option for applications where temperatures remain below 1600°C and lifespan
requirements are moderate. However, for high-performance scenarios exceeding
1600°C or demanding stable longevity, doped tungsten wire becomes the preferred
choice. In critical environments involving temperatures near 2000°C or frequent
thermal cycling, the implementation of a doped tungsten system is strictly mandatory
to ensure operational reliability.

Q27: What Are Advantages of Doped Tungsten Wire in Tungsten Heaters?
A: The core advantage of doped tungsten wire lies not in a single performance
improvement, but in its systematic suppression of high-temperature failure
mechanisms. In extreme heat, tungsten’s primary challenge is structural degradation
characterized by rapid grain growth, intensified dislocation slip, and embrittlement via
recrystallization rather than melting. By introducing stable dispersed particles or ionic
elements at grain boundaries, the doping system creates microscopic pinning points
that significantly elevate grain boundary migration resistance.

Based on CTIA GROUP’s design, manufacturing experience and customer feedback, the
modification delivers three critical technical advantages:

(1) Improved high-temperature structural stability, with significantly slower grain
coarsening at the same temperature.

(2) Enhanced creep resistance, resulting in lower deformation rates under long-term
heating conditions.

(3) Improved thermal cycling fatigue resistance, reducing cracking or wire breakage
during repeated heating and cooling cycles.

Ultimately, the value of the doping lies not in higher instantaneous strength, but in its
ability to significantly decelerate performance degradation within extreme
high-temperature environments.
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Q28: What's Recrystallization Temperature of Tungsten Heaters?

A: Recrystallization temperature is a vital metric for assessing the high-temperature
stability of tungsten heaters. It defines the key indicator where the material transitions
from its optimized worked structure to a coarse-grained, brittle state.

For pure tungsten heaters, the transition typically occurs between 1200-1300°C.
During this stage, internal grain rearrangement and growth trigger a sharp decline in
ductility and fracture resistance. Prolonged operation within this range causes the
tungsten wire to lose its toughness, resulting in premature embrittlement.

CTIA GROUP’s doped tungsten systems utilize dispersion strengthening to
significantly elevate the key indicator:

(1) K-Doped (Potassium) System: Approximately 1400-1600°C

(2) Rare Earth System (La203, CeO2, etc.): Approximately 1600—1800°C

(3) Ultra-High Stability System: Can exceed 1900°C

The essence of the improvement lies not in raising the melting point, but in effectively
retarding grain boundary migration. This allows the material to retain its fine-grained
structure at much higher temperatures, significantly extending the effective operational
window.
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Q29: How to Evaluate Anti-Sag Performance of Tungsten Heaters?
A: Sagging in tungsten heaters is essentially a manifestation of high-temperature creep
under gravitational force, serving as a critical factor in high-temperature structural
stability. At elevated temperatures, enhanced atomic diffusion triggers grain boundary
sliding. Without optimized engineering design, it may lead to perceptible bending,
tensile deformation, or localized fractures. CTTA GROUP addresses this issue through a
three-dimensional optimization strategy:
(1) Material Optimization: Utilizing doping systems to stabilize grain boundaries and
significantly reduce the creep rate.
(2) Structural Engineering: Implementing multi-strand stranded structures to
redistribute stress and minimize the load on individual wires.
(3) Geometric Configuration: Optimizing suspension methods, support point layouts,
and thermal field uniformity to eliminate localized stress concentrations.
Engineering data from CTIA GROUP indicates that multi-strand doped tungsten
heaters offer several times the anti-sag performance of single-strand pure tungsten
heaters. The superiority is particularly evident during long-term operation exceeding
1800°C, where the performance gap becomes even more pronounced.

Q30: What Factors Affect Service Life of Tungsten Heaters?

A: The service life of tungsten heater is not determined by a single material parameter,
but by the combined effects of material, structure, and operating conditions. CTIA
GROUP classifies the influencing factors into four core dimensions:

(1) Temperature level: Higher temperature accelerates grain growth and creep rate, and
service life decreases exponentially. The effect becomes more significant above the
recrystallization temperature.

(2) Operating atmosphere: Even trace oxygen, water vapor, or contaminants can cause
local oxidation in vacuum systems, leading to embrittlement and fracture.

(3) Current and power density: Localized overload triggers a rapid temperature surge
in hot spot areas, leading to localized burnout or structural failure.

(4) Structural design: Wire diameter selection, twisting method, support structure, and
thermal field distribution all significantly affect performance. Poor structural design
often causes earlier failure than material limitations.

Based on years of accumulated data from CTIA GROUP, tungsten heaters with
optimized designs can achieve a service life more than an order of magnitude longer
than standard configurations under the same material system. The significant
performance gap underscores why customized engineering is more critical than
selecting off-the-shelf components.
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5.Applications of Tungsten Heaters

Q31: What Industries Use Tungsten Heaters?

A: Tungsten heaters produced by CTIA GROUP primarily serve high-temperature
vacuum and controlled-atmosphere sectors. Their applications are concentrated in
industrial systems with stringent requirements for material purity, temperature
stability, and thermal field uniformity. A common characteristic of these industries is
their operation under high temperatures and extreme sensitivity to contamination,
where conventional electric heating materials fail to maintain long-term stable
performance. Typical Applications of tungsten heaters:

(1) Photovoltaic Industry: Specifically applied in silicon wafer preparation, as well as
diffusion and annealing equipment.

(2) Semiconductor Industry: Focused on high-purity process heating and specialized
vacuum heat treatment.

(3) Vacuum Coating Industry: Primarily used within electron beam evaporation and
thermal evaporation systems.

(4) Advanced Ceramics and Powder Metallurgy: Essential for various high-temperature
sintering processes.

(5) Scientific Research and Laboratories: Employed for rigorous high-temperature
material testing and vacuum-based experiments.

(6) Aerospace Industry: Integrated into specialized heat treatment equipment for
aerospace materials.

Q32: What's Role of Tungsten Heaters in Coating Processes?
A: In vacuum coating systems, CTIA’s tungsten heaters perform two core functions:
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(1) Evaporation Source Carrier: Tungsten heaters such as tungsten boats, baskets, and
coils are used to hold metal or compound evaporation materials. At high temperatures,
they heat the materials to an evaporated or sublimated state, creating a directional
particle flow in a vacuum environment.
(2) Stable Thermal Field Supply: In electron beam or thermal evaporation systems, the
tungsten heater acts as a resistance heating element, providing controllable thermal
input to ensure a stable evaporation rate.
Due to the extremely low vapor pressure of tungsten at high temperatures (near the
1076 Pa), it does not significantly contaminate the film layers, making it a core material
for high-purity coating systems.

Q33: What Are Applications of Tungsten Heaters in Photovoltaic Industry?
A: In the photovoltaic manufacturing system, CTIA’s tungsten heaters are mainly
applied in high-temperature silicon processing equipment, focusing on uniform
heating and stable thermal field control.

Typical Applications of tungsten heaters in photovoltaic industry:

(1) Heating structures for polysilicon and monocrystalline silicon thermal processing
furnaces;

(2) High-temperature heating units in diffusion and oxidation furnaces;

(3) Auxiliary heating systems for Plasma-Enhanced Chemical Vapor Deposition
(PECVD) and Chemical Vapor Deposition (CVD) pre/post-treatment;

(4) Silicon wafer annealing and stress-relief processes.

The core requirement in the photovoltaic industry is not just extreme temperature, but
thermal field uniformity and long-term stability, as temperature fluctuations directly
impact crystal defect rates and conversion efficiency.

Q34: What's Role of Tungsten Heaters in Semiconductor Industry?

A: In semiconductor manufacturing, CTIA’s tungsten heaters are primarily used in
precision heating systems under high-cleanliness, high-vacuum, or inert atmosphere.
Their core roles include: uniform heating during wafer annealing, thermal repair after
ion implantation, localized high-temperature control within vacuum chambers, and
precursor thermal treatment for epitaxy growth. A Lkey characteristic of the
semiconductor industry is its extreme sensitivity to metallic contamination. Therefore,
tungsten heaters must possess extremely low volatility and high purity (typically >
99.95% or higher) to avoid causing metallic contamination defects on the wafers.

Q35: Are Tungsten Heaters Suitable for Laboratory Use?

A: Yes. Tungsten heaters are highly suitable for high-temperature material laboratories
and vacuum experimental platforms. Customized tungsten heaters provided by CTIA
GROUP are commonly used in the following scenarios:

(1) High-temperature material melting and phase transition experiments (> 2000°C);
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(2) Material thermal stability testing under vacuum conditions;

(3) Metal evaporation and deposition research;

(4) Sintering experiments for advanced ceramics and ultra-high-temperature materials.
Compared to conventional furnace wires, tungsten heaters maintain structural stability
under higher vacuum and high temperature conditions, making them widely utilized in
fundamental materials research and cutting-edge experiments.

Q36: Can Tungsten Heaters Replace Conventional Furnace Heating
Elements?

A: No, they cannot directly replace each other as they belong to entirely different
application systems. CTIA GROUP distinguishes them as follows:

(1) Conventional Furnace Wires (Nichrome wire): Suitable for air environments and
temperatures between 800—1200°C.

(2) Tungsten Heaters: Suitable for vacuum or protective atmospheres and
temperatures ranging from 1500°C up to 2600°C or higher.

The essential differences lie in: the oxidation mechanism (tungsten oxidizes very easily),
temperature range (tungsten is significantly higher), application environment (vacuum
vs. air), and structural design logic (radiation heating vs. convection and radiation).

Q37: What Atmospheres Are Suitable for Tungsten Heaters?

A: CTIA’s tungsten heaters are suitable for three types of controlled atmospheres:

(1) High-vacuum environments (1073 to 1076 Pa);

(2) Inert gas environments (Ar, He, etc.);

(3) Reducing atmospheres (Hydrogen, Hz2).

Unsuitable environments include:

(1) Air or oxidizing atmospheres (02, CO2, etc.);

(2) Aqueous or high-humidity environments.

The reason is that tungsten forms volatile oxides (WO3) in oxygen-containing
environments, leading to rapid material loss.

Q38: What's Role of Tungsten Heaters in Electron Beam Evaporation?

A: In electron beam evaporation systems, tungsten heaters produced from CTIA
GROUP serve primarily as components for auxiliary heating and structural support,
with their roles manifested at two distinct levels:

(1) Thermal-Assisted Evaporation: By preheating the evaporation material, tungsten
heater allows the electron beam to trigger the evaporation process more efficiently,
improving evaporation stability.

(2) Structural Support: Tungsten heaters, configured as baskets or coils, serve as
crucibles for high-temperature molten materials. This design maintains structural
integrity and prevents contamination, even under localized bombardment from
high-energy electron beams.
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Owing to the high melting point and low vapor pressure of the metal, tungsten does not
act as a source of contamination to the film layers, which results in its widespread use

for the preparation of high-purity thin films.

Q39: What's Relationship Between Tungsten Baskets and Tungsten
Heaters?

A: Tungsten basket is essentially one of the structural forms of tungsten heater,
manufactured by CTIA GROUP through stranded wire processing, forming, and
welding. The relationship can be understood as:

(1) Tungsten heater refers to the broad category of electric heating elements.

(2) Tungsten basket is a specific structural form designed for evaporation processes.
The characteristics of tungsten basket include structure of multi-strand woven or
stranded tungsten wires, open geometric design for the containment of evaporation
materials, and the capacity for high localized heat loads during operation.

Q40: Are Tungsten Heaters Suitable for Continuous or Intermittent
Operation?

A: CTIA’s tungsten heaters are designed to support both continuous operation and
intermittent work, though the structural designs for each differ significantly.
Continuous Operation Characteristics: (1) Emphasis on anti-creep performance; (2)
Frequent use of doped tungsten such as La203 or K-doped systems; (3) More robust or
multi-strand stranded structures; (4) Applied in industrial furnaces or production line
equipment.

Intermittent Operation Characteristics: (1) Emphasis on adaptability to rapid heating
and cooling; (2) Use pure tungsten or lightweight designs; (3) Commonly found in
laboratory equipment or batch processes.

CTIA GROUP optimizes designs in actual engineering practice based on equipment
operation cycles, thermal cycling frequency, and target service life rather than relying
on simple model selection.
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6. Manufacturing and Quality of Tungsten Heaters

Q41: How Are Tungsten Heaters Manufactured?

A: Manufacturing of tungsten heaters by CTIA GROUP is essentially a systematic
process involving powder metallurgy, plastic deformation, structural forming, and
thermal stabilization, rather than a simple process of bending tungsten wire into shape.
Manufacturing begins with the use of high-purity tungsten trioxide (WO3) as raw
material. This undergoes reduction by hydrogen to produce tungsten powder of
submicron scale, followed by pressing into billets. A high-temperature sintering stage
at approximately 1800—2200°C is implemented for initial densification. This stage
determines the fundamental grain structure of the material. The process then proceeds
to tungsten rod forging and rotary swaging. Through high-temperature plastic
deformation, porosity is gradually eliminated while a fibrous grain orientation is
introduced. This step directly determines the final creep resistance of tungsten heater.
Next, multi-pass wire drawing reduces the material into fine wires ranging from
0.2—-2.0 mm. During this process, grains are further elongated, forming a typical
fibrous microstructure, which is the key structural basis for the retention of strength in
tungsten at high temperatures.

Finally, the forming stage includes: (1) Twisting for the formation of multi-strand
structures; (2) Winding for the formation of coil and other structures; (3) Heat
treatment for the relief of residual stress; (4) Dimensional calibration and structural
fixation. At this stage, CTTA GROUP performs application-oriented structural design.
For example, designs for electron beam evaporation emphasize the focusing of the
thermal field, while designs for vacuum furnaces emphasize the uniformity of
radiation.
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Q42: How to Control Tungsten Heater Quality?
A: Quality control for tungsten heaters is not a single inspection process, but a
full-chain system covering the material, structure, and performance.
Control at the Material Level. The purity of tungsten powder and the content of
impurities are strictly controlled, especially for elements such as oxygen, carbon, and
iron. These impurities significantly affect recrystallization behavior and the tendency
toward embrittlement at high temperatures. CTIA GROUP typically maintains critical
impurities at the parts per million (ppm) level.
Control at the Structural Level. Three key parameters are strictly monitored: (1)
Uniformity of wire diameter for the consistency of resistance; (2) Symmetry of twisting
for the even distribution of stress; (3) Geometric symmetry for the stability of the
thermal field. In multi-strand structures, inconsistent tension between strands may
cause localized concentration of current, leading to premature burnout.
Control at the Performance Level. Key indicators include the temperature of
recrystallization for high-temperature lifespan, creep resistance for the rate of
deformation, and thermal cycling stability for the durability of repeated start-stop
operations. CTIA GROUP verifies batch stability through accelerated simulation testing
under high-temperature conditions rather than only through room-temperature
inspection.

Q43: Do Tungsten Heaters Require Surface Treatment?

A: Most tungsten heaters undergo surface treatment before shipment. The purpose is
not for appearance, but for the control of high-temperature behavior and the stability
of the interface. Untreated tungsten surfaces naturally contain oxide layers and
residual stress from processing. In high-temperature vacuum or inert atmospheres, it
may lead to localized outgassing, unstable behavior in electron emission especially in
electronic applications, and initial drift of resistance.

Common surface treatment methods utilized by CTIA GROUP include: (1) Alkali
cleaning for the removal of processing residues; (2) Electrolytic polishing for the
reduction of surface micro-defects; (3) High-temperature annealing for the release of
internal stress; (4) Vacuum degassing for the reduction of gas content.

In high-end applications such as semiconductors or electron beam equipment, the
condition of the surface directly affects the stability of the system, not just the service
life.

Q44: Are There Standards for Tungsten Heaters?

A: Tungsten heaters are not fully standardized products. There is no single unified
national standard covering all structural types. Instead, the framework consists of a
three-level system of material standards, industry standards, and corporate
engineering standards.

International references commonly include ASTM B760 (specification for tungsten and
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tungsten alloy wire), ASTM F288 (requirements for materials for electronic emission),
and IEC standards for materials in vacuum electronic devices. However, these
standards mainly define the performance of materials and wires, rather than specific
geometries of heaters.
CTIA GROUP establishes internal engineering standards based on these references,
including:
(1) Standards for the control of structural dimensional tolerances;
(2) Specifications for the control of twisting angles and pitch;
(3) Allowance limits for high-temperature deformation;
(4) Criteria for the evaluation of thermal cycling life.
Therefore, tungsten heaters are more accurately defined as non-standard engineering
products. Standards mainly ensure the consistency of the underlying material, while
the structural design is fully customized for the application.

Q45: How to Prevent Tungsten Heater Fracture?

A: The fracture of tungsten heaters is not caused by a single factor, but is the combined
result of embrittlement, concentration of stress, and high-temperature creep. CTIA
GROUP manages this through three main levels:

(1) Structural Level: The concentration of stress is avoided by increasing the radius of
bends, avoiding sudden changes in cross-sections, and optimizing the uniformity of
twisting. These measures significantly reduce peaks of local stress.

(2) Material Level: High-temperature toughness is improved through the selection of
doped tungsten materials, such as potassium-doped or rare earth doped tungsten. This
raises the temperature of recrystallization and helps maintain a fibrous structure
instead of transforming into coarse grains at operating temperatures.

(3) Control of Operating Conditions: Common causes of fracture include excessive
thermal shock during startup and shutdown, localized overcurrent, and the weakening
of grain boundaries due to oxidation contamination. Therefore, CTIA GROUP typically
recommends strategies for the controlled ramp-up of temperature, steady-state
operation, and the avoidance of frequent thermal cycling to improve the reliability of
service.
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7.Usage and Maintenance of Tungsten Heaters

Q46: How to Install Tungsten Heaters?

A: The core of tungsten heater installation involves more than simple fixation; it
requires the control of mechanical stress, the state of electrical contact, and the
compatibility of thermal expansion. CTIA GROUP emphasizes three key aspects within
engineering applications:

(1) Relief of Stress: Tungsten is a typical brittle metal at room temperature. Any forced
stretching, twisting, or rigid fixation may lead to the formation of cracks during heating
due to uneven thermal expansion. Therefore, installation structures usually incorporate
elastic support or suspended mounting to allow slight free displacement during the
process of thermal expansion.

(2) Stability of Electrical Contact: The presence of oxide layers or insufficient contact
area at contact points may cause excessively high localized current density, leading to
erosion from hot spots. Engineering solutions commonly utilize transition connections
of tungsten-molybdenum or clamping conductive structures while ensuring the
cleanliness and low resistance of contact surfaces.

(3) Symmetry of the Thermal Field: Tungsten heaters function primarily as radiant
heating elements at high temperatures. Eccentric installation or uneven distribution of
stress may create temperature gradients, resulting in deformation from creep or
localized fracture.

Q47: Can Tungsten Heaters Be Bent?

A: Tungsten heaters do not possess significant plasticity at room temperature, and
operations for bending must be handled with extreme caution. From the perspective of
material mechanisms, tungsten is characterized by a body-centered cubic (BCC) crystal
structure. At room temperature, slip systems are limited and the movement of
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dislocations is restricted, which results in high brittleness. Tungsten wire, especially
after the process of drawing, develops a strong orientation of grains, making it
susceptible to brittle fracture along the direction of processing. Minor adjustments of
angles may be performed with the assistance of professional fixtures, but any bending
with a small radius, especially an excessively small R-value, can produce irreversible
microcracks. These cracks propagate rapidly during heating, eventually causing failure
through fracture. Tungsten heaters are supplied in their final structural configurations
based on the design standards of CTIA GROUP, and the performance of secondary
bending on-site is generally not permitted.

Q48: How to Extend Service Life of Tungsten Heater?

A: The service life of tungsten heaters is fundamentally determined by three major
factors: the temperature field, the atmospheric environment, and the stability of the
current load.

(1) Control of Temperature: The rate of creep in tungsten increases exponentially above
1500°C. Therefore, operations in practical engineering usually avoid approaching the
temperature limit of the material for extended periods, and a safety margin of
10%—20% is generally reserved.

(2) Control of Atmosphere: The content of oxygen is one of the most critical factors for
lifetime. Even trace amounts of oxygen may form brittle oxide layers along grain
boundaries, leading to premature fracture. Therefore, CTIA GROUP usually
recommends vacuum levels of approximately 1075 Pa or environments of high-purity
inert gas.

(3) Control of Current: The avoidance of instantaneous surge currents is extremely
important. Tungsten has relatively low resistance in a cold state, and the direct
application of high voltage may generate zones of instantaneous overheating, resulting
in localized melting points. Control through soft-start current is commonly utilized in
engineering systems.

(4) Optimization of Structure: The optimization of stress distribution is also critical,
involving methods such as the use of multi-strand structures or the adjustment of
twisting pitch to reduce the concentration of localized stress.

Q49: Why Do Tungsten Heaters Burn Out?

A: The burnout of tungsten heater is usually the combined result of thermal, electrical,
and chemical failure mechanisms rather than a single factor.

(1) Overload of Current: The most common cause is the runaway of Joule heat caused
by localized overcurrent. When localized resistance increases abnormally, the
temperature in that region rises rapidly, forming points of thermal instability and
eventually causing failure by melting.

(2) Failure by Oxidation: At high temperatures, even trace oxygen reacts with tungsten
to form volatile tungsten oxide (WO3), which gradually reduces the cross-sectional area
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of the material until fracture occurs. This process often manifests as gradual thinning
followed by breakage.
(3) Embrittlement from Recrystallization: During extended operation above the
temperature of recrystallization, the fibrous structure of tungsten transforms into
coarse equiaxed grains, which significantly reduces toughness and increases the
likelihood of fracture during thermal cycling.
(4) Accumulation of Mechanical Stress: Another common factor is the accumulation of
mechanical stress. For example, excessive constraint at fixed ends during the cycles of
thermal expansion and contraction may lead to cracking from cyclic fatigue.

Q50: How to Handle Tungsten Heater Issues?

A: When abnormalities occur in tungsten heaters, solutions should be determined
through failure analysis rather than simple replacement. CTIA GROUP adopts a
three-step analysis method during technical service:

(1) Analysis of Fracture Morphology: The type of failure is identified by examining the
appearance of the fracture, such as fracture from overheating melting, brittle fracture,
or fracture from thinning by oxidation. Different features of the fracture correspond to
distinct failure mechanisms.

(2) Review of Operating Conditions: The analysis of temperature curves, records of
current fluctuation, and data on atmospheric purity to determine the occurrence of
overheating or contamination.

(3) Inspection of Structure: Inspections are conducted to determine the existence of
stress concentration during installation, the uniformity of electrode contact, and any
bias in the distribution of the thermal field.

The strategy for solutions involves targeted optimizations based on the nature of the
failure:

(1) For issues related to design: Implementation of structural optimization.

(2) For issues related to operating conditions: Adjustment of temperature, current, or
atmosphere.

(3) For issues related to material selection: Upgrading to systems of doped tungsten
wire or tungsten alloys.

The ultimate goal remains the improvement of equipment stability through systematic
optimization.

Q51: Does CTIA GROUP Recycle Used Tungsten Heaters?

A: CTIA GROUP accepts the return of used tungsten heaters for recycling based on
specific customer requirements and the outcomes of technical assessment. This
procedure prioritizes the evaluation of compliance and material integrity over the
application of fixed pricing.

Tungsten is a refractory metal of high value, and systems for recycling are well
established within the industry. Large quantities of recycled tungsten originate from
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discarded tungsten wire, heaters, and materials of cemented carbide. These materials
can be converted back into tungsten powder, tungsten carbide powder, or Ammonium
Paratungstate (APT) for reuse in manufacturing. Approximately one-third of the global
supply of tungsten originates from recycling systems, which establishes the clear value
of scrap tungsten as a secondary resource. For the recycling of used tungsten heaters,
CTIA GROUP performs assessments based on the following key criteria:
(1) Composition and Purity of Material: The determination of whether the material
consists of high-purity or doped tungsten systems, such as potassium-doped tungsten
or rare earth oxides, directly affects the selection of the recycling path and the final
pricing.
(2) Condition of Contamination and Usage: The presence of severe oxidation,
evaporation residues, attached coating materials, or other impurities affects the overall
cost of recovery.
(3) Structural Configuration: The classification of the material as single wire, twisted
wire, or complex structural components determines the method of dismantling and the
level of processing difficulty.
(4) Quantity and Batch Consistency: Recycling in large volumes facilitates integration
into standardized treatment processes, whereas small batches typically require
individual evaluation.
(5) Regional and Compliance Factors: These factors include environmental regulations,
transportation conditions, and import/export policies within the specific location.
Recycling across regions or borders must comply with local requirements for the
management of renewable resources and solid waste to ensure the feasibility of
recovery.
(6) Methods of Recycling: Options such as centralized recycling, entrusted processing,
or regeneration through factory return are available, with different methods
corresponding to distinct procedures and pricing structures.
In actual practice, CTIA GROUP performs an initial assessment through samples or
images, followed by the provision of reference recycling solutions and pricing ranges
based on the integration of operating conditions and material information. For
products with potential for reuse, options for reprocessing or replacement may be
offered instead of treating the items solely as scrap. It is important to emphasize that
scrap tungsten is a typical renewable resource rather than low-value waste. In the
context of limited primary tungsten resources and rising costs, standardized recycling
affects not only enterprise expenditures but also the stability and sustainability of the
entire industrial chain.
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