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Figure 2. Schematic diagram of power integrated circuit structure with medium isolation

2. Advanced isolation structures for high-temperature and high-power silicon 
carbide devices
In high-temperature and high-power applications of wide-bandgap semiconductor silicon carbide devices, 
traditional isolation structures often face issues such as increased leakage current, reduced voltage endurance, 
and insufficient thermal stability. To address these challenges, new isolation structures achieve electrical isolation 
between devices through innovative material engineering and process design from vertical, bottom, lateral, and 
sidewall dimensions, as shown in Figure 3.

Figure 3. Schematic diagram of power integrated isolation structure

The specific principle is as follows:
(1) Vertical isolation: Vanadium plasma injection forms a semi-insulating layer
On the surface of the SiC substrate, vanadium plasma is introduced by ion implantation technology to form 

a semi-insulating layer with high resistivity, to realize the electrical isolation between the surface device and the 
bottom circuit. The core design principles include:

Material selection and band modulation: Vanadium acts as a deep-level impurity in SiC, introducing defect 
states into the bandgap, such as vanadium substitution defects V_Si or V_C, significantly increasing the material’s 
resistivity. This semi-insulating property stems from the strong trapping effect of deep-level traps on carriers, 
effectively blocking vertical leakage current paths.

Injection process optimization: By precisely controlling the energy and dose of vanadium ion injection, 
combined with subsequent high-temperature annealing to repair lattice damage, a uniform and stable semi-
insulating region can be formed on the SiC surface. The annealing process also activates the deep energy level 
characteristics of vanadium, avoiding reliability degradation due to lattice disorder.
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Voltage endurance and thermal stability: The high breakdown field strength of the semi-insulating layer is >3 
MV/cm, which can withstand the longitudinal high voltage difference during device operation, and its SiC wide 
band gap characteristics can maintain excellent insulation performance at high temperature, avoiding the reliability 
degradation caused by thermal carrier injection in the traditional SiO2/SiN dielectric layer.

This design breaks through the limitations of traditional PN junction or dielectric isolation in high voltage 
and high temperature scenarios, especially suitable for SiC power MOSFET, JFET, and other devices, can greatly 
reduce the substrate leakage current and improve the blocking voltage capability.

(2) Side wall isolation: A composite structure of medium isolation or multiple methods
To realize lateral isolation between surface devices and adjacent devices, the new structure adopts medium 

isolation, PN junction isolation, semi-insulation isolation, or its combination scheme. The specific working 
principle is as follows:

Dielectric isolation SiO2/SiN: A high dielectric strength dielectric layer is deposited on the sidewall of the 
device to suppress lateral leakage by physical barrier and electric field shielding effect. This method is compatible 
with standard CMOS process, but the stress matching of the dielectric layer needs to be optimized to avoid 
interface cracking at high temperature.

PN junction isolation: In the sidewall region, p-type or n-type doped regions are formed through ion 
implantation, creating an inverse-bias PN junction with the opposite doping type to adjacent devices. Electrical 
isolation is achieved by utilizing the depletion layer expansion. For example, Al+ is implanted into the sidewall of 
an n-type SiC device to form a p-type isolation ring. Under reverse bias, the width of the depletion layer can reach 
several micrometers, effectively blocking lateral leakage.

Extension of semi-insulating isolation: The process of injecting vertically isolated vanadium into the side wall 
region is extended to form a continuous semi-insulating wrapping layer. The semi-insulating layer can be covered 
over the three-dimensional surface of the device using inclined ion injection or secondary injection after etching, 
achieving full enclosure isolation.

Advantages of the combination scheme: For different voltage levels and spatial constraints, a “dielectric 
layer + PN junction” dual-layer isolation can be adopted, where the dielectric layer bears the main voltage 
withstand capability, and the PN junction provides auxiliary depletion or a “semiconductor layer + dielectric layer” 
composite structure that balances high voltage withstand and process compatibility. For example, in a 10kV SiC 
IGBT, the side walls use a combination of a 2μm SiO2 dielectric layer and a p-type isolation ring, achieving lateral 
voltage withstand >12kV within a limited area.

3. Preparation method
Preparation of vertical isolation layer: Vanadium plasma injection to form a semi-insulating layer

(1) SiC Pre-treatment, use RCA standard cleaning process to remove surface organic pollutants and metal 
ions, followed by the removal of native oxide with DHF solution.

(2) Deposit a layer of oxide film, and then go through photolithography, etching, de-gelling, and other 
processes to obtain the injection hard mask with the required isolation area (Figure 4).

(3) Vanadium ion injection, using a high-energy ion injector to adjust according to the target injection depth, 
usually needs to penetrate the device active area to the substrate interface below 0.5–2 μm (Figure 5).

(4) The active area is messy.
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(5) High temperature annealing activation, use a heating furnace to perform high temperature annealing in 
an Ar atmosphere to avoid surface oxidation and ensure lattice damage repair and vanadium deep energy 
level activation (Figure 6).

Figure 4. Schematic diagram of the isolation area

Figure 5. Schematic diagram of vanadium ion injection in the isolation zone

Figure 6. Schematic diagram of the active area after chaos

Preparation of side wall isolation structure: Take the medium process as an example
(1) Deposit a layer of oxide film, and then go through photolithography, etching, de-gelling, and other 

processes to obtain the etching hard mask that needs to isolate the sidewall region; or a single-step 
photolithography process to obtain the etching hard mask that needs to isolate the sidewall region.

(2) Device platform etching, the etching depth is the maximum concentration of injected vanadium ions, 
forming the side wall structure of the device isolation area (Figure 7).

Figure 7. Schematic diagram of the isolation zone groove

(3) Side wall isolation layer deposition, medium isolation SiO2 or SiN (Figure 8).
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Figure 8. Schematic diagram of the filling medium in the isolation zone tank

Key process advantages:
(1) High precision control: The depth and concentration gradient of the semi-insulating layer can be controlled 

by energy and dose adjustment.
(2) High temperature compatibility: The annealing process is seamlessly connected with the manufacturing 

process of SiC devices to avoid additional thermal budget.
(3) Three-dimensional full enclosure isolation: The inclined injection and combination process ensure that the 

device side wall and bottom are fully electrically isolated.

4. Conclusion
Silicon carbide (SiC) devices face challenges such as high leakage current and insufficient voltage endurance in 
high-power applications. A new isolation technology based on vanadium (V) plasma injection, combined with 
composite isolation design, has achieved a core breakthrough in high-performance SiC monolithic integrated 
circuits:

(1) Deep energy level trap to improve vertical isolation: After vanadium injection into SiC, a deep energy 
level donor/receptor (V_Si or V_C) is formed, and the resistivity is increased to 10⁸–10¹² Ω·cm by 
capturing carriers, and the breakdown field strength exceeds 3 MV/cm.

(2) Low damage process guarantees performance: The high energy injection and high temperature annealing 
are optimized, the lattice defect can be reduced by 90%, and the carrier mobility can be restored to 90% of 
the original SiC.

(3) Three-dimensional composite isolation structure: The vertical vanadium injection semi-insulating layer 
is combined with the side wall medium SiO₂ or SiN and PN junction isolation, which is used to realize 
the SiC monolithic integrated circuit based on the vertical structure high-power devices and circuits, 
supporting 10kV level IGBT/MOSFET monolithic integration, and the power density exceeds 200 W/
cm³.

(4) Low cost: The process is compatible with existing SiC production lines, and no additional equipment is 
required.

(5) Small area occupation: The three-dimensional isolation structure improves the chip area utilization by 
30–50% through the cooperative design of semi-insulating layer and medium/PN junction.

Based on vanadium plasma implantation, a new isolation technology has been developed. By employing 
deep-level trap engineering and multi-dimensional composite isolation design, it addresses the isolation bottleneck 
of SiC devices in high-power and high-temperature scenarios, offering advantages of high performance, 
high reliability, and low cost. The process compatibility and small-area characteristics further accelerate the 
commercialization of SiC monolithic integrated circuits, providing core technological support for next-generation 
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power electronic systems in fields such as new energy, smart grids, and aerospace. The successful application 
of this technology will drive the wide-bandgap semiconductor industry toward higher power density and more 
extreme environmental adaptability.
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