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Abstract

Aerosol Jet Direct Writing technology, as a high-resolution non-contact pattern deposition method,
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has shown great potential in the manufacturing of flexible electronics and micro/nano devices.
However, the direct writing resolution and pattern quality are largely limited by the focusing be-
havior of aerosol jets inside the nozzle, and the multi physics coupling mechanism in this process is
not yet clear. This article systematically studied the quantitative effects of carrier gas and sheath
gas flow rates on the morphology and resolution of direct writing by building an aerosol direct writ-
ing experimental platform independently. The research results indicate that the carrier gas and
sheath gas are the key factors that dominate the focusing effect of the jet. When the carrier gas flow
rate is 0.5 mL/min, increasing the sheath gas flow rate from 0.5 mL/min to 0.7 mL/min can achieve
the optimal focusing effect, with a focusing ratio of 1.3, a focusing rate of 40%, and improved edge
clarity. This study provides clear experimental evidence for optimizing aerosol direct writing pro-
cess parameters and has important guiding significance for promoting the application of this tech-
nology in micrographic manufacturing.
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Figure 1. Schematic diagram of aerosol direct writing system
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Figure 2. Hybrid structure
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Figure 3. Aerosol direct writing platform
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Figure 4. Schematic diagram of nozzle structure without focusing structure
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Figure 5. Direct writing lines of aerosols at different carrier gas flow rates
5. PRIBSRE THSBRES L%

DOI: 10.12677/met.2025.146074 711 WU TR SR


https://doi.org/10.12677/met.2025.146074

TEAIN SR R mE kst , S43S00E N 0.4 mlimin, SIERBE S L4 %E RN 0.7 mm; 43S
MR AN 0.5 ml/min i, BSR4 /NN 0.6 mm. HISZIG 1S, B @ GE NI RESEE, S
IR E S MR EA RS, LR&15 HlTHEw, X&FAFEE RSB KR, A5FBNIE
W, LS AL [A) P EAH A ORI B 2, B BT, WSk P A B4 B AR
S D3G5, A1 Sk IR 00 A IR A N SRR, TERUETR . Ml — el e, iR
o4 0.6 ml/min B, BL5 284 9 S KON 0.8 mm, 2k 251 2 LIRS 1 4 (R DA B 6 0 AR aUZ T 1 K
ARG RR m mAR RE G5, TRA RS, i S R S TEm AR AR K AR, AR R
IR AT BRSO, MR AR i . 2R SRIL B W o
4.2. REGHXNSBRAESHFME

TEA RS BE ST ENSEg b, E 0.5 ml/min AT DU EUTF B S XUR. AT
INERSRTERE, IRERIERES TR, RAMRERESWWE 6 Fix, WRRERBELEIRELE NS
W FHRAE RS2 . R A RS S hl bR, @i E T e AR, EAk LR EIRRIRES
SAWE 7 PR ARBRESFRIERT, BSSANERZRHE 8 Fivk.

l%%AﬁMiﬁ%)

secses Sl

FACH

Figure 6. Schematic diagram of nozzle with sheath gas focusing structure
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Figure 7. Effect diagram of focused direct writing ink dots under different focused airflow velocities
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Figure 8. Diameter lines of ink dots written directly under different focused airflow velocities
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Table 1. Direct ink dot focusing ratio under different sheath gas flow rates
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54U mi/min HHHAE mm RIRE REE
0.4 0.3 03 30%
0.5 0.4 0.6 40%
0.6 0.4 1 40%
0.7 0.4 13 40%
0.8 0.6 16 60%
0.9 0.75 2 75%
1.0 0.8 23 80%
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Figure 9. Straight lines with/without focused sheath gas
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