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Fig. 1. Device structure. (a) 3D structure, 

(b) Cross-section of Devices.

Abstract

This study compares TreeFET (2/3 sheets) and NSFET (3/4 sheets) architectures via Sentaurus TCAD. TreeFET’s vertical sidewalls leverage orientation-

dependent mobility for superior N/P matching. Self-Heating Effect (SHE) analysis reveals that TreeFET’s vertical heat dissipation path effectively reduces 

TMAX and ION degradation. These findings provide a good solution for advanced GAA scaling.

This study shows that TreeFET improves PMOS drive current through its vertical sidewall orientation, resulting in a better N/P matching ratio compared with 

NSFET. In addition, vertical interbridge structure provides an effective heat dissipation path, leading to lower maximum lattice temperature and smaller ION 

degradation. Therefore, TreeFET shows strong potential for advanced GAA transistor design with improved N/P matching and suppressed self-heating effects.

Self-Heating Effect (S.H.E.) Analysis
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Fig. 4. SHE analysis of TreeFET and NSFET devices: 

(a) Lattice temperature distribution, (b) Comparison of maximum lattice temperature (TMAX), 

(c) Transfer characteristics with and without SHE, (d) Impact of SHE on drain current (ION).

Device and Thermal Specifications

Fig. 2. Device and Thermal Specifications:

 (a) Device Parameter, (b) Thermal Specifications.
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Orientation Analysis

Fig. 3. Orientation analysis of TreeFET and NSFET devices : 

(a) NMOS transfer characteristics, (b) PMOS transfer characteristics, 

(c) Comparison of N/P matching ratio, (d) DIBL comparison.
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TreeFET improves heat dissipation via its vertical interbridge structure. 

As shown in Fig. 4(a)(b), TreeFET_3 maintains a lower TMAX (393.0 K) 

than NSFET_4 (400.1 K) at the same Weff. 

According to Fig. 4(c)(d), TreeFET_3 exhibits less ION degradation than 

NSFET_4, while fewer channels (TreeFET_2 vs. TreeFET_3) further 

lessen heat accumulation. This confirms that the TreeFET design 

effectively suppresses self-heating effects.
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Fig. 3(a)(b) show the NMOS/PMOS transfer characteristics, where 

TreeFET shows higher PMOS current due to its (110) sidewall hole-

mobility advantage. Fig. 3(c) compares the matching ratio, defined as 

𝑀𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑅𝑎𝑡𝑖𝑜 =
|𝐼𝑂𝑁, 𝑃|

𝐼𝑂𝑁, 𝑁

where a value closer to 1 indicates better N/P matching. TreeFET_2 shows 

the best matching, TreeFET_3 is slightly worse because of its similarity to 

NSFET, and NSFET_3 shows the worst matching performance. Fig. 3(d) 

compares the DIBL values, showing that the matching improvement is 

achieved while maintaining acceptable short-channel control.
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