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Abstract: We design, develope and test a parallel active polymer pen lithography (PPL) device, which
consists of individually addressable elastomeric probe tips. The PPL arrav chip is fabricated using soft

lithography method with polydimethylsiloxane (PDMS) material.
actuated via a computer controlled interface. We demonstrate parallel

Individual probe can bhe pneumatically
writing with 16 individually

addressed pens, with each pen producing a different pattern in the same run, The largest proof-of-concept
array fabricated is 4=4 with a spacing of 250 pm in both x and v axes.
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Fig. 1. Schematic diagram of the active PPL probe
array. Four tips are shown to represent the concept.
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Fig. 2. A micrograph of a single PPL probe consisting
of a circular membrain and pyramidal tip (a) design
lavout of an active PPL array, (b} close-up micrograph
of a PPL arrav section, (c) a pyramidal tip.
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Fig. 3. Fabrication process.
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Fig. 4. Perspective view of a chip consisting of the PPL
array.
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Fig. 5. The computer controlled printing svstem.
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Fig. 6. Schematic diagram of image processing and printing

Fig. 7. Mis-alignment between image sections patterned
by independent PPL tips.
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Fig. 8. Photomask fabrication with PPL probe printing

system on glass.

ol HalE FgalA] sy A A AREE WA
FUE Wyer <3 FAn, 29 8l
28 $8 wlAa (10x10 mm)E Azsdc a9
b= olalst £ nlx=as] 53 o9 (=] mm)E
goAd Zojck, 5 F PPLE &% XE vlia Az
o] 4FHQ oAE FF PPLE ol &% #iE FAol
Az 97} %& e-beam E& delA7t AL A
o] XE vp2a Az FALN divdie FAAYE A

e MEE F4e] 3 5 A5 R

171 n] =

4. 4 B

B oages 5% Fev] #l ofde]d o Bdte] A
25 e o4 wHEs dAgasc FlEd SRE
F58 Euv) @ oldolf Muste FEY A o



A7| A B8 =2, 267 125 pp. 853-857, 20139 12490 @&+ &

ol Azsen, olF ol&ste] dej@a /e 7
el Au #¥E& Fgstch oled MEE AW
+89 SR A7 EE vhra e 42 B
ow, % &9 A oz JER AL #
g e Am, 4EE dofr 2 S Fa dE
& 22 & o, FF% F2v @ odolE o]&#
AT A3 HA olE Eobe 2 H¥E & Ao
it ile )

REFERENCES

[1]1 F. Huo, Z. Zheng, G. Zheng, L. R Giam, H. Zhang,
and C. A, Mirkin, Science, 321, 1658 (2008).

[2] S. Kramer, R. R. Fuierer, and C. B. Gorman, Chem.
Rev, 103, 4367 (2003),

[3] D. 5. Ginger, H. Zhang, and C. A. Mirkin, Angew,
Chem. Int. Ed, 43, 1433 (2004).

[4] K. Salaita, Y. Wang, and C. A. Mirkin, Nature, 2,
145 (2007).

[5] X. Wang, K. S. Ryvu, D. A. Bullen, J. Zou, H. Zhang,
C. A, Mirkin, and C. Lin, Langmuir, 19, 8951 (2003).

[6] J. Zou, X. Wang, D. A. Bullen, K. Ryu, C. Liu, and
C. A Mirkin, [ Micromech Microeng, 14, 20
(20041,

[7] S. Li and C. Liu, ECS Transactions, 3, 463 (2006).

[8] 5. Li, K. A. Shaikh, S. Szegedi, E. Goluch, and C.
Liu, Appl. Phys, Lett., 89, 173125 (2006).

[9] K. Ryu, X. Wang, K. Shaikh, D. Bullen, E. Golueh,

J. Zou, C. Liu, and C. A. Mirkin, Appl Phvs. Leit,
85, 136 (2004),

[10] R. In Piner, J. Zhu, F. Xu, S. Hong, and C. A.
Mirkin, Science, 283, 661 (1999),

(111 S. Li, T. M. Dellinger, Q. Wang, S. Szegedi, and C.
Liu, Appl. Phys, Lett,, 91, 023109 (2007).

[12] K. Salaita, Y. Wang, ]. Fragala, R. A. Vega, C. Liu,
and C. A, Mirkin, Angew. Chem. Int. Ed., 45, 7220
(2006,

[13] M. Zhang, D. Bullen, 5. Chung, S. Hong, K. Ryu, 7.
Fan, C. A. Mirkin, and C. Liu, Nanotechnology, 13,
212 (2002).

[14] D. Bullen and C. Liu, Sens. and Actuat, A Phys,
125, 504 (2006,

[15] It Bullen, X. Wang, 5. Chung, C. A. Mirkin, and C.
Liu, Journal of Microelectromechanical Systems, 13,
504 (2004).

[16] X. Wang, D. Bullen, J. Zou, C. Liu, and C. A
Mirkin, J. Vac Sc. Technol, 22, 2563 (2004).

[17] D. Bullen, S, Chung, X. Wang, J. Zou, C. A. Mirkin,
and C. Liu, Appl. Phvs. Lett., 84, 789 (2004),

[18] C. Liu and R. Gamble Sens. and Actuat. A: Phys.,
T1, 233 (1998),

[19] J. Jang, R. G. Sanedrin, A. J. Senesi, 7. Zheng, X.
Chen, 5. Hwang, and C. A. Mirkin, Small, 5, 1850
(2009),

[20] Z. Zheng, W. L. Daniel, L. R. Giam, F. Huo, A. ]
Senesi, G, Zheng, and C. A. Mirkin, Angew. Chem
Int. Ed, 48, 7626 (2000).

[21] X. Liao, A. B. Braunschweig, and C. A, Mirkin,
Nano Lett, 10, 1335 (2004),





