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Researchers have previously investigated lasercedideposition of metals (Au,
Ag, Cu, Pd) for a variety of patterning applicagdri While studying this
process using a laser illuminated Atomic Force bBcope (AFM) and liquid
cell, we encountered an unexpected phenomenordbht enable “negative
tone” tip-based patterning. Specifically, we fouhdt scanning an illuminated
AFM tip over a substrate, locally suppresses teerkinduced deposition of
silver. This effect persists for some time afarming, and is not produced by
scanning without illumination.

Experimentally, an aqueous solution containing 1sddium citrate

(NaGsH-0Oy) and 1mM silver nitrate (AgN§) was placed in an AFM liquid cell.
The cell was illuminated with a focused, continuaave laser to achieve silver
photo-reduction on a glass substrate. The laseelagth was 532nm and its
intensity was varied from 1W/cnto 20W/cni at the substrate liquid interface.
During illumination, an area of the substrate undadiation was scanned in
contact mode with a gold coated AFM tip with a vesdof less than 25nm.

Silver deposition was obtained with particle siz@sging from 50 nm to 200 nm.
The scanned area presented greatly reduced depaodttgure 1a) which one
might at first attribute to simple mechanical reraloaf the particles by the tip.
However, a second illumination of the scanned mre@iduced little additional
deposition. Further deposition in the scanned wasanot observed after
exchanging the solution (Figure 1b), but was olesgtafter washing the sample
and exposing it to air (Figure 1c). Exposing tample with a projected image
and subsequently flood exposing the sample digraztuce the same effect
(Figure 1d). Finally, patterns as small as 500ware resolved (Figure 2) but
high resolution patterning will require smaller fice sizes and sharper tips.

In conclusion, we demonstrated a new techniquehe@ite negative-tone silver
patterns based on the suppression of photo-reduigtidip scanning during
illumination. The mechanism is not fully undersdpbut we have ruled out
purely mechanical effects, preferential deposibarpreviously deposited areas,
and local depletion of the reactants. The persigt¢at least 20 minutes) and
reversibility (by exposure to atmosphere) of thecpss suggest an optically or
thermally driven modification of the substrate sid.
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Figure 1. Laser-induced deposition of silver on a glass substrate can be locally
suppressed by AFM tip scanning. (a) An area of 10 by 10m is scanned while
the sample is illuminated for 5 minutes with areirgity of ~ 20W/crh A less
dense area is observed with little accumulatiothersides. (b) Another
previously cleared area is illuminated, a secome tiafter renewing the solution
without exposing the sample to air. Little to nffetience is observed inside the
scanned area. (c) Another area, cleared befonewslluminated after washing
the sample and renewing the solution. The scanredigsnow deposited as if it
was never scanned. (d) A different cleared aredermath a mask is re-
illuminated in order to verify that the tip scannsleed affecting the substrate.

The scale bar inside each subfigure measuytes 4

Figure 2: Laser-induced deposition of silver on a glass substrate forming bands.
A pattern of three bands of 2um width is scannethftop to bottom and left to
right while the sample is illuminated for 5 minutegh an intensity of ~
20W/cnf. The scale bar in the figure measurem4



