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Abstract: Thermal electric generation (TEG) is a green energy technology that it has advantages of no-vibration, envi-
ronmental, no noise, small volume, and long life expectancy. This article will review its current state of development
and introduce its principal as well as a new approach by the large-scale integration (LSI) for high-power devices. Using
off-shelf devices, we designed, studied, and measured some specified devices. In order to address the commercial fun-
damentals, we proposed a solution by utilizing LSI TEG to reduce cost. This solution can breakthrough a barrier in
processing cost. The article will discuss manufacturability of TEG for future commercialization in a large scale.
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Figure 1. Of the casesillustrated high-power TE generation as
follows: (a) 1 kW waste heat ther moelectric generator developed in
Japan®™; (b) Hot spring power generation system developed by
Japanese, which are comprised of several 500 W ther moelectric
generators™; (c) 1 kW automobile exhaust ther moelectric genera-
tor developed by BMW, GM, etc.!*”
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Figure2. (a) Schematic illustration of the semiconductor thermal
electric power generation with labels at below: Hot-side, electron
flows, hole flows, cold-side, and load; (b) Schematicstoillustrate
thethermal electric deviceswith labelsat below: ceramic substrate,
electrodes, n-type TE, and p-type TE leg: order from top down
then left toright
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Table 1. Typical cases of the applications of high-power TE generators
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Figure 3. Thethree-level design of a 400 W TE generator is shown with cascade of a typical TE device design asfollows: 1) A 2 W output of

sub-unit iscomprised of a serials of TE modules. In one case, each module has 25 serialsand 5 parallels; 2) A 32 W generator unit iscom-

prised of 16 sub-unitsthat has4 sub-units serialswhere all serials are connected into parallels. The number of parallelsisfour; 3) A 384 W
generator deviceiscomprised of 12 each of the 32-power unitsthat has 3 unitsserialswhere all serials are connected into parallels. The

number of parallelsisfour
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Figure 4. Fabrication process of a 2 W thermoelectric power unit: (a) Engrave parallel grooves on the surface of p and n type thermoelectric
bulks, and then affixed p and n into each other using organic filler; (b) Grind off the n-type base to expose theinterlaced p-n array; (c) En-
grave parallel grooveson the per pendicular direction, narrow grooves are for separation of thermoelectric legs, while grooves arefor separa-
tion of modules; (d) Fill the grooveswith organic fillers, and fabricate top-electrodes after solidification; (€) Grind off the p-type base, and
fabricate bottom-electrodes
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Figure5. Output properties of the thermoelectric device. (a) |-V curve (2 W); (b) P-V curve, (2W); (c) I-V curve (27 W); (d) P-V curve (27

w)
E 5 BEEBEFHREEM. () 1-VBIZQCW); (b) P-V BIZQ2W); () |-V B1Z(27W); (d) P-V BiZ(27 W)

Table 2. Experimental studies are conducted on some off-the-shelf
devices. Table shows the recording of a typical TE with delta-T
variation for | (the short-current), V (the open-voltage), and P (the
maximum power output)
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