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Abstract

In this work, based on the Low Temperature Co-fired Ceramic (LTCC) technology, we propose a high-
density parallel-arranged single-via double-spiral lateral Thermoelectric Generator (TEG) struc-
ture. The thermoelectric arms of this structure adopt a spiral-wound lateral layout, and the cold and
heat sources are alternately arranged on both sides of the thermocouples through short-distance
high-thermal-conductivity silver pillars in the longitudinal direction, which suppresses the diffu-
sion loss of heat flux in non-power-generating regions. To address the intrinsic low power density
issue of the single-spiral lateral thermoelectric array, we construct a high-density cascaded archi-
tecture of double-spiral thermoelectric units. This architecture realizes overall parallel power gen-
eration through shared upper and lower electrodes, and effectively improves the energy harvesting
efficiency. Experimental results demonstrate that the fabricated double-spiral lateral TEG inte-
grated with 160 pairs of thermocouples achieves an output voltage of up to 213.8 mV. Under a test
temperature difference (AT) of 200 K, the proposed device delivers a maximum output power of
1328.7 uyW. Compared with the conventional single-helix lateral TEG, the power generation perfor-
mance of this double-helix inductive TEG is improved by 72.83%. This work provides an alternative
technical solution for the in-situ power supply of high-power devices and chips.
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Figure 1. (a) Basic principle of TEG; (b) Equivalent circuit
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Figure 2. The overall structure of the double-spiral lateral thermoelectric device; (a) Current series and heat flow parallel
transverse TEG cell structure; (b) 3D exploded structure diagram
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Table 1. Thermoelectric parameters of the material
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Figure 3. (a) Simulation of TEG internal heat flux distribution; (b) Simulation of TEG internal Electromotive Force (EMF)
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Figure 4. LTCC manufacturing process. (a) Slice delamination; (b) Laser drilling; (c) Thick-film screen printing for via filling;
(d) Thick-film printing of thermocouples (TCs); (e) Stacking between layers; (f) Isostatic pressure lamination; (g) Sintering
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Figure 5. (a) Cross-sectional view of the TEG measurement device; (b) TEG sample with sandwich structure
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Figure 6. (a) Output voltage and voltage density of the Double-Spiral TEG; (b) Comparison of output voltage between the
Double-Spiral TEG and the Single-Spiral TEG
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Figure 7. (a) Output power and power density of the Double-Spiral TEG; (b) Comparison of output power between the Double-
Spiral TEG and the Single-Spiral TEG
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