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Quantum Dot Inks for Anti-Counterfeit Applications

Why Quantum Dots?
Quantum Dots (“QDs”) are Photoluminescence (“PL”) inorganic materials.

PL is the emission of Electromagnetic Radiation (“ER”) of a wavelength after
absorption of ER of another wavelength. This happens due to photon excitation
(absorption of photons) when various charge relaxation processes occur and cause
photons of lower energy to be emitted. The duration between absorption and emission is
called the Time Period. The difference between the energy of the absorbed photons
and the energy of the emitted photons is known as the Stokes Shift and this varies
widely across materials from ZERO to 1 eV. Time periods between absorption and
emission can also vary and range from femtoseconds to milliseconds.

QD material chemistry and its particle size determines the wavelength of the light
emitted, the Stokes Shift and the Time Period (“PL Period”). Furthermore, if the QD is
exposed to a pulse of ER then the emitted light shows a decay pattern or the PL life-
time. These properties together comprise the PL Signature of the QD. A device is
needed for irradiating the mark and reading the PL signature.

QD batches can be produced with a selected patrticle size, so different batches can have
different particles sizes with narrow particle size distributions and therefore, each batch
has its own PL signature. Thus, QDs offer tuneable complexity in their PL signature with
possibility of endless variation. This makes QD anti-counterfeit labels very difficult to

copy.
Application Method

QDs of a very narrow particles size distribution are prepared. On the particles, there is a
first coating of an inert inorganic material and a second coating of organic molecules.
The first coating gives the QD stability and the second coating makes it possible to
disperse the QDs in transparent coatings.

In one type of application, the QD ink can be printed on plastic sheet or on paper sheet
in bar code, text or any form of mark. If necessary, the printed sheet can be protected
with a protective coating or laminating a self-adhesive plastic sheet. The printed sheet
can be die cut to produce individual labels that can then be adhesive bonded to the
article to be protected. The labels can be read at the point of manufacture and their PL
signature recorded. The label can then be read again at the point of sale to confirm that
the article is not counterfeit (See Figure 1).

In another type of application, the QD signature can be incorporated into plastics used
for credit cards or currency notes or into holographic coatings. This provides an
additional layer of security via the PL signature.
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The PL signature of the quantum dot clearly and unambiguously identifies the QD and
distinguishes it from any other PL material that may be used by a counterfeiter.

Stability

The QD materials used in security applications are made stable by using stable
chemistry and by the use of coatings on the QD particle itself.

Current Security Inks on the Market

The current generation of security inks and methods of their authentication have several
drawbacks that limit their usefulness. Firstly, optical spectra alone can be easily copied
by one or a combination of PL materials commonly available on the market. Secondly,
one simple way to distinguish between common PL materials could be by measuring
their PL life-time, but the problem is that the PL life-times of common PL materials are
less than 30 nano seconds or longer than 100’s of microseconds. However, it is known
that measuring PL life-times of a tens of nano seconds is very difficult with current
electronics. On the other hand, when the material has 100’s of microsecond life-time, it
takes too long to measure the life-time. These problems can be overcome with QD
materials where it is possible to tailor life-time to suit the requirements of security
applications.

What is required to market QD security inks productions?

1. A UV cured QD ink formulation with cost effective and stable QD materials.

2. Avarying time pulsed irradiating device with optical reader (for measuring PL
signature).

3. Building a data base of PL signatures of different particle size QD batches and
accelerated aging studies (environmental aging).

Bricpoint can provide the technology needed to implement QD security ink solutions for
brand protection and other anti-counterfeiting applications. Contact us for a discussion of
your requirements.
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Figure 1. The Authentication Process
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