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Abstract

Based on the Low Temperature Co-Fired Ceramic (LTCC) technology, this paper proposes a transverse
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thermoelectric generator (TEG) structure with high-density integration of short-distance thermally-
driven thermoelectric arms. To achieve the maximum integration of the TEG, the proposed device
adopts a shared temperature difference configuration of alternating cold and hot sources for power
generation units, and uses thermocouples for short-distance thermally-driven, forming a spatial or-
thogonal cooperative network of heat-electric pathways to achieve synchronous conduction of longi-
tudinal heat flow and lateral current. Meanwhile, an integrated aluminum substrate with needle holes
is designed to provide directional thermal drive between the cold and hot sources to enhance the
energy collection capability. Experimental results show that at a temperature difference of 80 K, the
maximum output voltage of the transverse TEG with a thermocouple density of 12 pairs/cm? is 46.7
mV, and the maximum output power factor is 10.42 pW/cmz2, Compared with the double-layer non-
contact type TEG, the power generation capacity has increased by 61.31%. This design provides a ref-
erence for future high-performance and compact thermoelectric energy conversion devices.
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Figure 1. (a) Vertical thermocouple unit; (b) Horizontal thermocouple unit; (c) Equivalent circuit
model; (d) TEG classification

B 1. (a) HEARERBET; (b) BEARRBATT; (o) FHEBERE; (d) TEG 93

TEG HZAMERENARE AR, it 2E NSO TR ZE R i . 26 D150 80N O 5 35 T [ 254
22 EOR TR ER . YIRS A R AR AL FHACAFAE IR B RR RS, BT AR B s T I AP
HCR5ERENZESR, B RREE S M X852 2IAGOR G, 2T M s R R md #17]. x4
IEFEHR, BT BE R 2 T R IAE FEART 20 AT (AR A b, a3 T TR S AR PR RO R ok S T A P R A 22
BIZE DUsg s, a1l 1(a)s B 1(b)FR. AEMEBHEAARPA RIS, BEHERZEN TR, £E
IR % . T ZE VLSR8, PN TCs i Z 8] IR BERR FE AT = Thor — Teowas F=AEHIE, RN N[18]:

V,.=Na, AT 1)

P NOIEER RN B opn NIRRT P BUPDRIAN N B R ZE D5 R 8 (0pn = ap — an), 772E
TR BRI 1) . AHGBERET, SNHESermEcE v iEr, Eik, RERAMEE
EIGINHEIN TEG A23% ) %, (EAR R AR 28 N d3 05 N BH, X 8845 2@ AR SEBs 1, HRIR TCs
HeE g ins 3 TEG WK BT, HRIRA:

p,L, pL, . p-L
Ryo=N| 2L+ p e 2
15G [S 5 S, )

4 n

DOI: 10.12677/aepe.2026.142007 59 EEpARST: o heid


https://doi.org/10.12677/aepe.2026.142007

V=
A&

H

K pps pus pe 5 AN P EIRERIRT N BOM RN & 8 B2 S s B2 . L, B0 L, 2 #0028 o [ LR K
Lo B . Syn Siv Scralh Py N RU A AR AN fil sS A . R B AL IR 4t D 0K
" (R +R, )

o Ry AT Rygg 73 AIRAM SR A L i SR S L B 5 9 38 TEG (19 FBE Ry VTR, )5 K HH Th R oK
N[19]:

3)

Vo

P= T “

TEG BLTFRAZEAE AN AINSRAR, B AR AR AR R IR i 2 18] . AEIXAPIEOL T, AR

1R AR ZE, R M Em R T AR AR ZER . XD TC B Z MR ZE . A
Z I8 IR ZE A I

aTE

AT, =—TE____AT,
"0, +0,+0, ™

(&)
Kb, AT AWEM A HHRZE, Oy O O 73 HIIF AR PRIV AR A H B

FERGERET T, Y SR R A RN 7 2 B O VERERF R B 1) 7 A AR A
B R AT AR B, S BRERE n BUR p BRI BRI RS T, IANERUE H R BT AR T R
), FICIR S AR TR S LB SR AN SRR 1l AHLEZ R, Y RUIHER AT 7 ON R R =i R, Al 1(b)
Pim. RAY FHEBIGH, St RN RS AR RCE 2 vy, SEBLRR A B 5O . [T,
TEG 451 5FRHE PR R % ORI M A MM E T L2HAME, R 5S8R T 2 HA AL sE
DU SR . BRI S5 M OIE SR VR, 22 00 FH ot PR BB 0 P A R} LA T A R L iz o T VRS 5 4
PN IR ATt 5 MR G, M R s sl A, sl 1(d) s

3.TEG ®it5HR
3.1. TEG &it

Figure 2. High-density integrated transverse TEG structure and detailed diagram; (a) Overall morphology design; (b) Enlarged
detail diagram of shared temperature difference short-distance thermoelectric arm design
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Figure 3. COMSOL simulation results; (a) Electrical potential distribution of the device; (b) Thermal
distribution of the aluminum plate component; (c) Thermal distribution within the TEG
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Figure 4. The manufacturing process of the device: (a) Pouring the base material with slurry; (b) Layering; (c) Drilling holes
by laser; (d) Filling the through holes using traditional thick-film screen printing; (e) Printing on the conductor lines using
thick-film printing technology; (f) Interlayer stacking; (g) Isostatic pressing of the laminates; (h) Forming high-density TEG
device units after sintering
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Figure 5. (a) Prototype of the device manufactured by low-temperature co-firing ceramic technology; (b)
Test platform; (c) Test cross-section; (d) Upper and lower aluminum plates with grooves and the integrated
TEG device module
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Figure 6. (a) Compare the output voltage and unit area power of the high-density TEG with and without cavities, as they
change with AT, on both sides of the device and AT, on both sides of the TC; (b) Compare the output voltage and unit area
power of the high-density TEG with and without cavities, as they change with AT, on both sides of the device and AT on both
sides of the TC
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Figure 7. (a) Comparison of output voltages between shared temperature difference short-distance transverse TEG and non-
contact TEG; (b) Comparison of output powers between shared temperature difference short-distance transverse TEG and non-

contact TEG
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