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preferred. In the double-layer structure the two carrier
types are separated and the recombination zone is located
at the internal interface. Thus, to build up LED devices
from PBD and TH a separaled double-layer structure is
preferable. The EL intensity observed at 530 nm is weak.,
However, it may be increased by using another clectrode
material {or electron injection. Absolute regulation of the
luminance will be solved in the future. The results imply
that new LEDs can be built up from polvmers with TH and
PBED monomer units.

Received: June 3, 1996
Final version: November 15, 1996

[1] €. W.lsng, 5. A, van Slyke, Appl. Phys. Letr 1987, 51,913,

12] 1. Burroughes, D. I, C. Bradley, A. R. Brown, R. N. Marks, K.
Mackay, R. H. Friend, P. L. Burn, A. 3. llolmes, Nagrre 1991, 347,
539,

131 C. P Keszihelyi, H. Tachikawa, A. L Burd, J. Am. Chem. Soc. 1972,
94,1522,

4] €. P Keszthelyi, A. 1. Bard, J. Electrochem. Soc. 1973, 120, 241,

[3] 8 Janietz, B. Schulz, M. Tarrinen, G. Sundholm, Fur Polym. 1 1993,
29, 545,

[6] S. Janietz, B, Schule, Evr Polysn. J. 1996, 32, 455,

[7] I Pommerehne, H. Vestweber, W. Guss, R F. Mahrt, 11 Béssler, M.
Porsch, ). Daub, Agdv. Mater. 1993, 7, 551,

[8] C.A.Pan, T. P. Ma. Appl Phys. Letr. 1980, 37(2), 163,

[9] 112, Parker, S Appl, Phys, 1994, 75,1656,

[10] D. Sanchez, M. Carchano, A. Bui, 7. Appl Phys. 1974, 45,1233

Elastomeric Light Valves**
By Dong Qin, Younan Xiu, and George M. Whitesidley*

This paper describes the fabrication and performance of
two new types of light valves. In the first type, an elasto-
meric block of poly(dimethyisiloxanc) (PDMS) having ap-
proximately square pyramidal features on its surface was
prepared by molding against a Si(100) master whose sur-
face was etched into a regular array of square pits; the faces
of these pits met in dihedral angles of 534° and they effi-
ciently reflected light propagating through the polymer and
into the patterned surface. In the second type, an elasto-
meric block having an array of corner cubes on its surface
was fabricated by replica molding against a commercial re-
flective tape. PDMS is an isotropic elastomer that is opti-
cally transparent down to 300 nm!'! Using PDMS as aur
starting material. we are exploring new optical componenis
and devices whose characteristics can be controlled by
changing their shape by means of mechanical compression
or extension. We have demonsirated the concepis of elasto-
meric optics whose surface can be changed by mechanical
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strain with several examples—mlenses,IE] mirrors,”! diffrac-
tion gratings™! photothermal detectors*! and optical
modulators.”! The deformable clastomeric light valves fab-
ricated here could have applications in display devices, !
cnergy-saving windows,”®! sensors (accclerometers and
pressure gauges),”! and photolithographic systems (as
photomasks).I"!

Figure 1 outlines the procedure used o generate the first
type of light valve. A silicon master having an array ol
square pyramidal cavities on its surfacc was fabricated
using a published procedure—a combination of microcon-
tact printing {(LWCP) of hexadecanethiol on silver, selective
removal of underivalized silver in an aqueous ferricyanide
salution, and anisotropic etching of Si(100) in an agucous
solution of KOH/2-propanol!'™™! A liquid prepolymer of
PDMS was poured over the §i master, cured to a salid ma-
terial, and removed by peeling it away {rom thc master.
This PDMS block was then sandwiched between two glass
plates; the air-gap between the PDMS block and one of the
glass plates was filled with an opaque dye solution (crystal
violet in tri(ethylene glycol)) by capillary filling.">'¥ The
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lig. 1, Schematic procedure [or fabricating the first type of clastomeric light
valve. We changed the size of the upertures. und therelore the ratio of trans-
mitted ta absorbed light, by applying vertical pressure against the two glass
plates. The compressive strain on the PDMS block controlled the amount of
light transmitled through the light valve.
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sizc of the aperture—that is, the arca of the patterned sur-
face of the PDMS in contact with the surface of onc of the
two glass plates—could be changed by compression. The
vertical pressure applied to the two glass plales changed
the ratio of transmiiled to absorbed light. Without com-
pression, light passed only through the tips of the pyrami-
dal fecatures on the PDMS; ii is completely blocked by the
dye solution over the rest of the arca of the PDMS surface.
When pressure was applied vertically against the glass
plates, the tips of the pyramidal fealures were deformed; as
a result, the size of the apertures and the intensity of the
transmitted light increused.

Figure 2A shows an SEM image of the silicon master
having an array of pyvramidal cavities on its surface.
Figure 2B shows an optical micrograph (in transmission
mode) of the first type of light valve. The PDMS block was
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Fig. 2. A) An SEM image of the etched Si(1007% that was used to make
PDIMS replicas. 13} An optical micrograph (in transmission mode) of an ar-
ray of light valves under an asymmetrical compression (the compressive
strain increased from left 1o right). C) The dependence of the intensity of
transmitted fight (normalized to the incident intensity of the light) on the
compressive strain,
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compressed unevenly across the surface: the pressure in-
creased continuously from left to right. Figure 2C shows
the relationship of the intensity of transmitted light to the
compressive strain. Since the opaque dye layer is a liquid,
this type of light valve is reversible: the dye solution
squeezed out during compression returns on release.

The second type of light valve was fabricated by casting
against an array of corner cubes presented on a retroreflec-
live tape using a three-stage procedure {Fig. 3). First, an
epoxy replica was preparced by casling against the relief sur-
face ol a retroreflective tape (Jogslite, Silver Lake, NH}).
Second, this epoxy replica wus used as the master to pre-
pare PDMS replicas. Third, a PDMS block was sandwiched
between two glass plates for optical measurements. The
three reflecting faces of a corner cube are arranged at right
angles 1o each other!' Therefore, light that enters from
the front surface is reflected back out of the front surface
due 1o total reflection (Fig. 3D). The light transmitted
through this PDMS light valve could, therefore, be manipu-
lated by deforming the PDMS corners through vertical
pressure applied against the glass plates: the deformed re-
gions of the corner become transparent sincee lolal reflec-
tion no longer occurs.

Figure 4A and B show SEM images of the retroreflective
tape (with comer-cube-shaped microstructures on its sur-
face) and the PDMS replica, respeclively. Figure 4C shows
the measured intensity of transmitted light (He-Ne laser, 1
= 632 nm) as a function ol compressive strain. This lype of
lipht valve is also reversible. The measurements indicated
that the intensity of the transmitted light changed by
~25 dB over a range of compressive strain from 0 to ~20 %.
In order to confirm the proposed mechanism ol operalion
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Fig. 3. Schematic outline of the procedure for fabricating an elastomeric
light valve using an array of coiner cubces.
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Fig. 4. SEM images of the reflective tape (A) and the PDMS replica (B). C) The dependence of the intensity of the transmitted light {normalized to the incident
intensity of Jight) as a function of the compressive strain on PTIMS. The intensity of the transmitied light lrom this array ol Hght valves changed by ~25 dB over a

compressive strain of ~20%.

ol this Lype of light valve, we made replicas ol the PDMS
structure under different compressive strains by molding
with epoxy (Fig. 5). The tips ol the corner cubes became
quasi two-dimensional structures as the compression in-
creased; an array of these compressed structiures was Lrans-
parent to the incident light. The pressure applied against
the two glass plates changed the ratio ol transmitted o re-
flected light. The higher the compressive strain on this light
valve. Lhe more light was transmilled through it.

These deformable light valves could be used as compo-
nents of display devices['® Figure 6 demonstrates two
examples of such devices based on the type of light valve il-
lustrated in Figure 3 {thal is, a device based on retroreflec-
tive elements). Figure 6A shows an optical micrograph of
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the patlern used in these experiments. Figure 6B shows the
optical micrograph of this pattern when this light valve was
placed on lop ol it. As we discussed above, before compres-
sing, this light valve was “off”; the patiern was invisible.
When we applicd mechanical pressure to the two glass
plates, the valve turned “on™ and the pattern becamc visi-
ble (Fig. 6C). We could also twrn on the light valve
(Fig. 6D) by filling the air gap between one of the two glass
plates and the patterned surlace of the PDMS block with a
liquid {in this casc cthanol). The liquid changed the para-
meters that had produced total internal reflection; the light
valve hecame transparent to the incident light. The resolu-
tion of these devices is ~100 pm, a value that is limited by
the feature size of the corner cubes. With the availability ol

TAS. ﬁ%ﬁ \/

Fig. 5. 5SEM images of epoxy replicas
casl from a PDMS mold (Fig. 4B) un-
der  dilferent  compressive  strains.
These images establish that the corner
cubes gradually changed from a three-
dimensional corner-cube  strusture
into a quasi two-dimensional structure
A5 compressive slrun increased.
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smaller corner cubes, we believe we should be able to fabri-
cate display devices with a theoretical pixel size of less than
100 pmz.l”]

In summary. we have {abricated two types of elastomeric
light valves by replicating PDMS clastomer against an an-
isotropically etched Si(100) or an array of corner cubes.
The clastomeric character of PDMS allows us to control
the amount of light transmitted through these light valves
by mechanical compression.
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3D Organized Self-Assembled Monolayer
Electrodes: A Novel Biosensor Configuration**

By Srinivasan Sampath and Ovadia Lev*

Organized self-assembled nanostructures have attracted
a great deal of interest in recent years!' *! Enhanced elec-
trical communication between biomolecules and gold elec-
trodes was demonstrated®® and remarkable limits of de-
tection of dissolved analytes were attained.U* However, all
these applications utilize planar electrode  surfaces,
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