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etchant to diffuse into longer pores without dissolving the lead silicate cladding. This
limits the gain that can be achieved.

An alternative strategy for MCP manufacturing is to functionalize glass capillary
array wafers using ALD to impart the necessary conductivity and secondary emission
properties (15,16). This process is illustrated in Fig. 8 for the case of a 1.2 mm thick, 33
mm diameter disc with a pore size of 26 (Fig. 8a-c). Figure 8d shows the 33 mm
capillary array disc after ALD of a 94 nm Mo:&; composite film to serve as a resistive
layer, and an 8 nm ALD MgO to enhance the secondary electron emission of the surface
(17). After the ALD, nickel-chromium electrodes were evaporated onto both sides of the
disc to generate the MCP shown in Fig. 8e. The ability to tune the resistivity of the ALD
composite film allows MCPs to be manufactured over a broad resistance range so as to be
optimized for specific detector applications.

Figure 8: MCP fabrication using ALD tunable resistance coatings. (a-c) 33-mm
diameter borosilicate glass capillary array substrate comprised of hexagonal bundles of
20 m pores. (d) Glass substrate after 94 nm ALD MgDAlcomposite resistive layer

and 8 nm ALD MgO emissive layer. (e) Completed MCP with nickel-chromium
electrodes. (f) Phosphor screen illuminated with electrons amplified by ALD MCP. (g)
Gain map for pair of ALD MCPs.

Figure 9: Uncoated 8x8” glass capillary substrate in metal transport case (left) next to
identical, 8x8” glass substrate after ALD Mo;®k composite coating. Ruler and 33 mm
MCP are shown for scale.
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The fully functionalized MCP shown in Fig. 8e was evaluated in a high vacuum
system equipped with a calibrated electron source and a phosphor screen to determine the
gain and spatial uniformity. As shown by the photograph of the phosphor screen image
in Fig. 8f, the MCP response is uniform across the surface. Next, a pair of identical
MCPs was assembled in series and installed in front of a position sensitive anode. Using
a photon counting mode and weak ultraviolet illumination, a two-dimensional map of the
spatial distribution of the gain was generated (Fig. 8g). Figure 8g demonstrates that the
gain is very uniform across the MCP. Additional details regarding the performance of
the ALD MPCs can be found in ref. (14).

One of the benefits of ALD for MCP manufacturing is that it facilitates scaling to
larger detector sizes as demonstrated in Fig. 9. The dark circular disk in Fig. 9 is the 33-
mm MCP described above. To the left of this small MCP is an 8x8” glass capillary array
substrate in a metal transport case. To the right is an identical 8x8” plate after ALD
functionalization and electrode deposition to produce a large-area MCP. To our
knowledge, this is the largest MCP ever produced. Work is underway in the Large Area
Picosecond Photodetector Project led by Argonne National Laboratory to implement
these MCPs for applications in high energy physics (14,15).

B) Charge Drain Coatings

Electrostatic charging is a challenging problem in electron-optical devices such as
mass spectrometers, particle detectors, and micro-electro mechanical systems (MEMS).
When stray electrons strike the surfaces of insulating components in a vacuum
environment, the electrons become trapped. With no means of draining the accumulated
electrostatic charge, which can exceed several kilovolts, the local electric field distorts
causing loss of focus, resolution, and timing. Simple conducting or semiconducting films
are unsuitable for draining this charge because the high leakage current can exceed the
power supply or damage the device through resistive heating. Instead, a thin film with
resistivity in the mesoscale (between those of a semiconductor and an insufaid, 10
Ohm-cm), is needed. In electron-optical MEMS, the challenge is aggravated by the much
closer proximity between the electrons and the surfaces, and the films are subjected to
very high electrical fields of up to 25 MV/m. Furthermore, the film must coat all surface
orientations while maintaining nanoscale uniformity to ensure equivalent performance
across all components.
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Figure 10: (a) Schematic of KLA-Tencor REBL Nanowriter. (b) REBL digital pattern
generator (DPG). (c) Cleaved cross-section of DPG MEMS lenslet array structure. (d)
Schematic of ALD charge drain coating covering DPG lenslet array.
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The ALD tunable resistance nanocomposite films are an excellent candidate for
charge drain coatings. We have demonstrated their benefit in the reflective electron beam
lithography (REBL) Nanowriter, a high throughput, direct-writing, maskless lithography
tool under development at KLA-Tencor (18). A schematic of the Nanowriter is shown in
Figure 10a. The heart of the patterning system is the digital pattern generator (DPG) chip
(Fig. 10b). The DPG is an integrated circuit chip with an array of small, independently
controllable electron mirrors (“lenslets”) producing over 1 million “beamlets”. The
lenslet electrode MEMS structure is fabricated on top of complementary metal oxide
semiconductor (CMOS) circuitry that provides voltage to four electrodes per lenslet to
establish the electric fields required to produce an electrostatic lens for each pixel (Fig.
10c). The pixels and lenslets of the array are located on @i fitch, and the lenslet
structure is ~4um in height. The DPG chip operates under a congitantination of
electrons, and this can lead to electrostatic charging on the insulating oxide surface along
the wall of the lenslet vias (Fig. 10c) that reduces the image quality (Fig. 11g). To
overcome this problem, the KLA-Tencor DPG chip was coated using an ALD pMa:Al
composite coating to drain static charge (Fig 10d). Figures 1la-f show images of
electron beam test patterns obtained using this DPG. These images indicate virtually
defect-free DPG patterns (19).

Figure 11: Defect-free test pattern images from DPG coated using ALD MNba:Al
composite charge drain coating. (a) Square pattern, (b) chevron pattern, (c) stitching
pattern, (d) stig test pattern, (e) KLA-Tencor company logo, and (f) contact hole pattern.
(g) Poor quality pattern from DPG without ALD Mo:&); charge drain coating.

Conclusions

We have developed nanocomposite coatings consisting of conducting, metallic
nanoparticles embedded in an amorphous dielectric matrix. These films are comprised of
M:Al O3 where M= W or Mo, and are prepared by ALD using alternating exposures to
TMA and HO for the AbO3; ALD, and alternating M§Si,He exposures for the metal
ALD. By varying the ratio of ALD cycles for the metal and thg@lcomponents in the
film, we can tune precisely the resistance of these coatings over a very broad range from
10°-10"* Ohm-cm. We employeéh situ QCM and FTIR absorption spectroscopy to
understand the ALD growth mechanism for the Mglnanocomposite films. These
studies demonstrated that TMA serves as the reducing agent to form the conducting Mo.
Cross-sectional TEM revealed the film structure to be metallic nanoparticles (1-2 nm)
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embedded in an amorphous matrix. We utilized these nanocomposite coatings to
functionalize capillary glass array plates to fabricate large-area MCPs suitable for
application in large-area photodetectors. In addition, we have applied these films as
charge drain coatings in MEMS devices for a prototype electron beam lithography tool,
and obtained high resolution electron beam patterns without charging artifacts.
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