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Laser direct writing of phosphor screens for high-definition displays
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A laser-based forward transfer direct writing technique was used to deposit phosphor powder
screens for high-resolution display applications. With this technique, called matrix-assisted
pulsed-laser evaporation direct write, dense oxide phosphor powders of Y2O3:Eu ~red! and
Zn2SiO4:Mn ~green! were deposited on alumina and polymer substrates. All processing was
performed in air at room temperature. Cathodoluminescent measurements showed that the luminous
efficiency of the phosphor powders was not degraded by the deposition process. A 636 red and
green matrix with pixel sizes of 100mm ~250 lines per inch! with a 100 mm spot size is
demonstrated; however, with smaller spot sizes this technique is easily scalable to pixel sizes,10
mm ~.2500 lines per inch!. © 2000 American Institute of Physics.@S0003-6951~00!00710-5#
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Current technologies to fabricate multicolor phosph
screens include multistep electrophoretic deposition, scr
printing, and settling techniques.1–9 While shadow masks
can be used for large pixel sizes, smaller pixel sizes req
photolithographic techniques to pattern three colors.10 Pho-
tolithographic techniques require two or more process s
per color and each step can leave organic residue on p
phor particles. Under electron bombardment, it has b
shown that organic residues can react and form a thin
phitic layer, which absorbs emitted light and degrades
phosphor performance.11

Over the past decade, many direct write techniq
based on laser-induced processes have been develope
depositing materials for a variety of applications. Amo
these techniques, laser-induced forward transfer~LIFT! has
shown the ability to direct write metals for interconnects a
mask repair and also simple dielectric materials such
metal oxides.12 LIFT was first demonstrated using meta
such as Cu and Ag over substrates such as silicon and f
silica utilizing excimer or Nd:YAG lasers.12,13 It is a simple
technique that employs laser radiation to physically vapo
a thin film ~'100 nm! from the far side of a laser transpare
support into a roughly similar pattern on a substrate pla
close ~<100 mm! to it. In order to utilize the process, th
laser fluence should be adjusted so that the process is ca
out near the energy threshold to remove only the film ma
rial and not to damage the support. Target films should
exceed an experimentally determined thickness, gene
less than a few 100 nm. Overall, the laser-induced forw
transfer process has proven to be a simple technique tha
be used on a wide variety of target films of metals, a
simple oxides, but not with complex multicomponent ma
rials such as ceramics or phosphors.
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A vacuum-deposition technique, known as matr
assisted pulsed-laser evaporation~MAPLE! has been devel-
oped at the Naval Research Laboratory~NRL! for depositing
thin, uniform layers of chemoselective polymers14–16 and
fragile organic materials, such as carbohydrates.17 MAPLE is
a variation of the conventional pulsed-laser evaporation p
cess with respect to the laser interactions and the spatia
namics of the thin-film growth. The ‘‘soft’’ transfer mecha
nism associated with the matrix-assisted pulsed-la
deposition process enables the deposition of complex
fragile organic molecules into thin films without denaturin
Irreversible structural degradation is typically observed w
conventional pulsed-laser deposition even at low fluence

MAPLE direct write is a process that combines aspe
of the transfer mechanism of matrix-assisted pulsed-la
evaporation with the direct write resolution of laser-induc
forward transfer allowing the transfer of polymer, metall
ceramic, and electronic materials without degradation in p
formance. These materials have been deposited to 10mm
resolution onto substrates of silicon, fused silica, polyimid
and several types of circuit board materials. MAPLE dire
write can be utilized for micromachining, drilling, and trim
ming applications, by simply removing the transfer mater
support from the laser path, see Fig. 1~a!, and as such it is
both an additive as well as subtractive direct write proce
see Fig. 1~b!. In this letter, we show elements of the MAPL
direct write process, efficiency results of transferred red a
green phosphors, and demonstrate the fabrication of a 636
array.

The output from a KrF excimer laser~l5248 nm, 25 ns
pulse! was directed through a variable circular aperture a
then through a 103 ultraviolet-grade objective lens. By
changing the aperture size, beam spots from 10 to 300mm
could be generated. The laser fluence~0.100–2.5 J/cm2! was
estimated by averaging the total energy of the incident be
over the irradiated area. Quartz wafers, 5 cm diam32 mm
il:
6 © 2000 American Institute of Physics
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thick, were coated on one side with a thin film and will b
referred to as the ribbon, as shown in Fig. 1. The coated
of the ribbon was separated from the receiving substrate
25 mm, see Fig. 1. For the phosphor transfers, 100 nm
gold was initially sputtered onto a quartz disk. Phosph
powders~Y2O3:Eu or Zn2SiO4:Mn! were suspended in a so
lution of glycerin, isopropanol, LaNO2, and Mg2~NO3!2 and
electrophoretically deposited onto the gold-coated quartz
fer.

Figures 2~a! and 2~b! show a scanning electron micro
scope~SEM! image of the phosphor ribbon after laser pr
cessing with a 200mm spot size. Figure 2~b! shows that
nearly all of the;10-mm-thick phosphor layer was trans
ferred during each laser pulse. It is important to note t
each area or spot received one laser pulse. Figures 2~c! and
2~d! show optical images of Zn2SiO4:Mn ~green! and

FIG. 1. ~a! Schematic diagram of the MAPLE direct write setup used for
transfer of phosphor materials. Inset~b! shows a general schematic of th
MAPLE direct write setup used for additive and subtractive processing

FIG. 2. ~Color! Scanning electron micrographs of~a! ZnSiO4:Mn phosphor
ribbon after transfer, circular regions represent the area of laser tra
from the ribbon and;~b! higher magnification of the phosphor ribbon tran
fer area of~a!. ~c! shows a 333 array of ZnSiO4:Mn phosphor excited at
254 nm, and~d! shows a 636 array of alternating ZnSiO4:Mn and Y2O3:Eu
transfers excited at 254 nm.
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Y2O3:Eu ~red! pixels stimulated by a ultraviolet lamp at 25
nm.

Cathodoluminescent~CL! measurements confirm tha
the laser transfer process does not affect the phosphor
formance. The emission spectra were measured f
Zn2SiO4:Mn and Y2O3:Eu ribbons prior to the transfer an
on the transferred substrates~shown in Fig. 3!. The emission
spectra of the transferred Zn2SiO4:Mn and Y2O3:Eu were
identical to the CL spectra of the phosphor ribbons. The
efficiencies before and after the MAPLE direct write proce
were 1.3 lm/W for the Zn2SiO4:Mn materials and 1.1 lm/W
for the Y2O3:Eu materials~measured at 1 kV and 22.
mA/cm2!. The consistent CL spectra and efficiencies bef
and after the laser processing confirm that the MAPLE dir
write process did not deleteriously affect the phosphor ma
rial.

A laser-based forward transfer technique called MAP
direct write was used to create high-resolution display pixe
A ribbon consisting of a gold-coated quartz disk was el
trophoretically coated with Zn2SiO4:Mn and Y2O3:Eu pow-
ders and laser transferred onto a receiving substrate. S
micrographs of the deposited powders and the post-tran
ribbons suggest that the gold layer absorbs the laser radia
and ejects the;10-mm-thick powder phosphor layer in
controlled fashion. The packing density and the phosp
structure are maintained during the MAPLE direct write pr
cess. Initial experiments show that the process does no
duce the CL efficiency or change the emission spectra of
phosphor powders.
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