Erez Halahmi,' M.Sc.; Ofra Levi,> M.Sc.; Leeor Kronik,> Ph.D.; and Raymond L. Boxman,* Ph.D.

Development of Latent Fingerprints Using a Corona Discharge

REFERENCE: Halahmi E, Levi O, Kronik L, Boxman RL. Devel-
opment of latent fingerprints using a corona discharge. J Forensic
Sci 1997;42(5):833-841.

ABSTRACT: A novel technique for the development of latent
fingerprints is presented. It is based on placing a fingerprint-bearing
object inside a corona discharge induced plasma. The development
of various real and artificial fingerprints on metallic substrates
under a wide range of conditions is studied. Using the results of
the development experiments and the results of X-ray photoelectron
spectroscopy, it is shown that the development is based on oxidation
of the fingerprint background. This is achieved by strong oxidizers
generated by the discharge process, while saturated fatty-acids
found in sebaceous fingerprints protect the area beneath them,
resulting in a visible fingerprint. The process is optimized by min-
imizing the electrode gap distance and maximizing the peak dis-
charge voltage and the pulse repetition frequency.
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metal surfaces, corona discharge-induced-plasma

Analysis of human fingerprint ridge patterns is a ubiquitous
method for associating a criminal with evidence found in a crime
scene. Unfortunately, many of the fingerprints found are latent,
i.e., they are invisible to the naked eye. Therefore, great efforts
for their visualization are made by forensic science laboratories
around the world almost every day, using a variety of techniques
(1). Hence, any new method for the detection of latent fingerprints
is of interest, as it may find certain applications where no other
technique is more effective or less expensive. One such novel
method is presented in this paper. The new technique is based on
placing the fingerprint-bearing object inside a corona discharge-
induced-plasma (2). A corona discharge is a partial electrical dis-
charge which is characterized by a high voltage (several kV), and
a low current (a few mA) (2).

Experimental

As mentioned above, the proposed technique consists of placing
an object inside a corona discharge-induced plasma. The setup
used to generate the corona discharge is shown in Fig. 1. The
object is placed on a (bottom) hemispherical metallic electrode
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FIG. 1—Experimental setup for the development of latent fingerprint
using a corona discharge.

with a 3-mm diameter. A 2-mm thick glass plate coated with a
film of SnO; (a transparent conductor) on the top side (3), is used
as a top electrode with an attached insulating dielectric material.
Two glass plates, the thickness of which is adjusted to yield an
air gap of 1.5 mm, are used as spacers. An air gap is left between
the top electrode and the object. Latent fingerprints were obtained
as follows: For sebaceous fingerprints, a clean finger was brushed
across the forehead just before fingerprint deposition. For eccrine
fingerprints, a clean finger was placed in a clean plastic glove for
approximately 10 min prior to fingerprint deposition. In order to
develop a latent fingerprint on an object, the latter is placed on
the lower electrode. High voltage pulses are then applied to the
electrode, producing a corona discharge between the object and
the upper electrode. Unless otherwise noted, all the development
experiments described below were conducted using this setup. All
objects used were cleaned prior to fingerprint deposition with a
commercial metal cleaning material (“Silvo Duraglit”, Reckitt and
Colman, Spain), rinsed, and dried. The latent fingerprints become
visible within a few seconds to a few minutes of voltage applica-
tion, depending on the discharge parameters. In the experiments
described below, (unless otherwise noted) a train of pulses with
a total duration of 140 s, composed of alternating 16 s long pulse
bursts and 4 s of no bias (in order for the glass electrode to cool
down), was used. Each pulse burst was composed of 17.5 kV, 340
pS (full width half maximum) pulses at a repetition rate of 500
Hz, producing a maximal current of 100 mA.

For some experiments used to elucidate the development mecha-
nism, the setup shown in Fig. 2 was used. In this setup, the upper
electrode is placed diagonally, and thus the distance between the
electrodes gradually increases. Because within the spacing range
of the first setup, the probability of discharge occurrence decreases
with increasing electrode spacing (2), the discharge will take place
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FIG. 2—Alternative experimental setup for the development of latent fingerprint using a corona discharge in which the object is outside of the

discharge region.

only where the top electrode is close enough to the bottom one.
Thus, if the object under investigation is placed where the inter-
electrode distance is large (and on an insulator), it is not a part of
the discharge process. Hence, the electrical discharge has no direct
influence on the object. However, the discharge-generated plasma
may still affect the object by diffusion. To that end, the overall
plasma generation rate was enhanced by replacing the lower elec-
trode of the first setup with a conducting rough surface (typically,
a coin). The rough surface has a multitude of sharp points at which
the electric field is enhanced. Thus, the number of micro-discharges
per unit area, and hence plasma generation are enhanced.

Results

Figures 3a and 3b feature a '/, shekel coin on which a sebaceous
fingerprint has been deposited, before and after development,
respectively. Note that before the development the fingerprint is
barely visible. No clear, if any, characteristic points are observed.
However, a clear fingerprint is revealed after development. The
resulting fingerprint contains many characteristic points so that a
comparison of it with other fingerprints (e.g., with fingerprints
taken from a data base) is made possible. The resulting image is
“negative” with respect to an inked fingerprint, i.e., it consists of
bright ridges on a darker background.

In this section, experiments designed to shed light on the
physical/chemical mechanisms responsible for results such as those
shown in Fig. 3 are presented. A detailed discussion and interpreta-
tion of them is presented in the next section.

Clearly, it is very important to isolate the fingerprint components
which actually contribute to the development process. To that end,
the following sweat ingredients were tested: 1-alanin, 1-isoleucine,
glycine, 1-phenylalanine, 1-lactic acid, trioleic-glycerid, palmitic
acid, and stearic acid. This is a representative set of the organic
components in a human fingerprint (4). Each of the above men-
tioned materials was dissolved in extra dry (spectral) benzene with
a ratio by weight of 99.9% benzene to 0.1% of the tested material
(4). Each of the resulting eight solutions is referred to henceforth
as “artificial sweat”. Assuming the reaction of each fingerprint
component with the corona-induced plasma is independent of the
reaction of the other ones, any “fingerprint” made using “artificial
sweat” serves to determine whether the corresponding sweat com-
ponent contributes to the development of the fingerprint. This is

achieved by observing whether the latent fingerprint becomes visi-
ble or not.

Each type of “artificial sweat” (as well as a control sample with
benzene only) was deposited on a brass plate using a rubber stamp
in the form of parallel strips and subjected to the corona-discharge
process described in the preceding section. The distance between
the parallel strips decreases from ~0.6 mm at the edges towards
~0.05 mm at the center. Only “fingerprints” prepared using pal-
mitic and stearic acids could be clearly observed after the develop-
ment process. A typical developed “artificial fingerprint” (based on
palmitic acid) is shown in Fig. 4. (A control sebaceous fingerprint is
deposited on the left corner of the “artificial fingerprint”.) The
resultant image is similar to the one shown in Fig. 3b. Again, in
both cases the image is in a “negative” form. All parallel strips
were resolved after development.

Another set of similar experiments was conducted using real
human fingerprints. A sebaceous fingerprint was always visible
after development, even if the fingerprint-bearing brass plate was
put in water for 24 h prior to development. However, eccrine
fingerprints were not visible after development with or without a
similar water treatment.

An additional experiment was concerned with the response
of the development method to saturated fatty acids versus
unsaturated fatty acids. Spots of trioleic-glycerid-based and
stearic-acid-based (unsaturated and saturated fatty acids, respec-
tively) “artificial sweat” were dripped on a clean copper plate.
The results after development are shown in Fig. 5. The stearic-
acid-based drop is clearly visible, whereas the trioleic-glycerid-
based drop is barely visible.

In order to check whether the discharge process has any direct
influence on the development procedure, the experimental setup
shown in Fig. 2 was also used to develop both real (sebaceous)
and “artificial” (palmitic and stearic acids) fingerprints. The object
was placed at a distance of 4 cm from the rough surfaced-electrode
on an insulator. During the discharge, no light was visible from
the sample area, ie., no discharge-related visible streamers or
feathers (2) began or ended near the object, indicating that it indeed
took no part in the discharge process. Applying the same voltage
as before, all fingerprints were visible after development as in the
previous setup.

Another set of experiments was concerned with attempting to
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FIG. 6 See overleaf for captions.
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optimize the operating characteristics of the corona discharge, so
as to obtain the best development results possible (i.e., maximum
contrast). Specifically, the desired height of the inter-electrode air
gap and the electrical pulse amplitude and frequency were studied.
The results of air gap optimization experiments are shown in Fig.
6, which features the results of the development of sebaceous
fingerprints for three different air gaps: 4 mm, 0.5 mm, and less
than 20 pm. It is easily seen that indeed the smaller the air gap,
the better the results. The corona images photographed during the
development process for the different air gaps of Fig. 6 are shown
in Fig. 7. The images were obtained by positioning a regular 35
mm camera outside the active media, above the glass electrode
(5). (Additional parameters—Iens focal length: 80 mm, F#: 5.6,
film ASA: 200 (Kodak), exposure time: 20 s). Using the figure,
it is readily observed that the 4-mm air gap is too large to enable
a discharge from the plate surface, which explains the poor results
of the development. In the case of the other two air gaps, a discharge
between the entire plate surface and the glass electrode occurred
during development. Similar experiments concerned with the opti-
mization of pulse amplitude and frequency have also been con-
ducted. It was found that a pulse amplitude of 17.5 kV yielded
better results than a 16 kV amplitude, and that a pulse frequency
of 500 Hz yielded better results than a 50 Hz frequency. It is
worthwhile to note that the development procedure is not very
sensitive to the optimization parameters studied, so that similar
results are obtained over a wide range of parameters.

X-ray photoelectron spectroscopy (XPS) (6) was used to investi-
gate the physical/chemical processes causing the fingerprint devel-
opment. In XPS, the energy distribution of electrons emitted from
the sample due to irradiation with X-ray photons is studied. This
distribution indicates the species present at the sample surface as
well as their chemical state. XPS data were taken for two copper
samples. One half of each sample was covered with palmitic-acid-
based “artificial sweat” whereas the other half remained unaltered.
One sample was measured as is while the other was measured
after development. Both samples were cleaned prior to “artificial
sweat” deposition and XPS measurements using a standard ultra-
high vacuum procedure consisting of the following steps: 1. Water
and soap rinse. 2. Pure water rinse. 3. Acetone rinse in an ultra-
sonic bath for 10 min. 4. Same as step 3, only with ethanol. 5.
Cleaning with “Silvo Duraglit”. 6. repeat of steps 2-4. All XPS
measurements were conducted using a PHI 5600 multi-technique
system (Physical Electronics Industries, USA). An Al Ko X-ray

See preceding page for figures 3 to 6.

FIG. 3—Sebaceous fingerprints deposited on a I, shekel coin: (a)
before treatment, (b) after development with a corona discharge.

FIG. 4—Palmitic-acid-based “artificial sweat” deposited on a brass
plate, after development (A control sebaceous fingerprint is deposited on
the left corner).

FIG. 5—Drops of stearic acid (right plate) and trioleic-glycerid (left
plate) deposited on copper, after development.

FIG. 6—Developed sebaceous fingerprints on brass plate with an air
gap of 4 mm (right plate), 0.5 mm (middle plate), and less than 20 pm
(left plate).

FIG. 7—Corona images taken during the development of the fingerprints
presented in Fig. 6: (a) 4-mm air gap, (b) 0.5-mm air gap, and (c) less
than 20-pwm air gap.
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source (1486.6 eV) provided the incident radiation. The spot size
was 400 pm and the pass energy was 2.950 eV. In the depth-
profiling experiments given below, 4 keV Ar* ions were used (their
sputtering rate for SiO, on Si is 10A/min).

Figures 8, 9, and 10 feature the X-ray photoelectron spectra
taken from the two samples in the range of the Cu 2p peaks. In
Fig. 8, the spectra before and after development are compared for
the uncovered areas (a) and the covered areas (b). Similarly, in
Fig. 9 the spectra of covered and uncovered areas are compared
before (a) and after (b) development. In addition, the atomic con-
centrations of copper and oxygen in the different samples and
regions are given in Table 1. The results of a depth profiling
experiment of the developed areas are shown in Fig. 10 for the
uncovered (a) and the covered (b) areas.

The findings of the XPS experiments may be summarized as
follows: The XPS peaks at 932.6 eV and 952.9 eV, together
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with a peak at 567.5 eV (not shown) which corresponds to the
Cu LMM transition (kinetic energy: 918.6 eV), correspond to
emission from (unoxidized) Cu (7). Therefore, it is clearly seen
that before development the copper plate is unoxidized whether
it is covered or not. The appearance of additional peaks at
9425 eV and 962.4 eV corresponds to emission from Cu
oxidized to the second degree (7). Thus, after development,
oxidized copper appears in the spectra of both covered and
uncovered areas. However, the extent of oxidation is much
larger in the uncovered sample, as judged by the relative height
of the additional XPS peaks. Moreover, after 15 min of sputtering,
the signal corresponding to oxidized copper is larger in the
spectrum of the uncovered area. In contrast, it has completely
disappeared from the spectrum of the covered area, whereas the
signal corresponding to unoxidized copper has increased. After
45 min of sputtering, oxidized Cu is not seen in either sample.
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FIG. 8—X-ray photoelectron spectra taken before and after development from an uncovered (a) and covered with palmitic acid, (b) copper plate in
the vicinity of the Cu 2p peak.
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FIG. 9—X-ray photoelectron spectra taken from an area covered with palmitic acid, and uncovered area of an undeveloped. (a) and developed, (b)

copper plate in the vicinity of the Cu 2p peak.

Using Table 1, we note that some copper signal is visible even
in the covered areas even before sputtering. Furthermore, we
observe that the atomic percent of oxygen increases after develop-
ment. This increase is much larger in the uncovered region than in
the covered region. Thus, we conclude that: (a) The development
procedure oxidizes the copper. (b) Covering the sample with
palmitic-acid-based “artificial sweat” greatly reduces the extent
of the oxidation as well as its penetration depth.

Discussion

Based on the results of the experiments presented in the preced-
ing section, it is possible to construct a mechanism for the corona
development phenomena. In this section, we present the mecha-
nism and show how it explains all the experimental observations

given above. The suggested mechanism is as follows: The develop-
ment of the fingerprints is a chemical process. The corona discharge
process in air generates ozone and other oxidizing species, €.g.,
atomic oxygen (8). These species are strong oxidizers, far more
chemically active than O, molecules, and easily oxidize the sub-
strate on which the fingerprint is deposited. However, the material
deposited from the fingerprint ridges may protect the substrate
from oxidation. In particular, the saturated fatty acids present in
sebaceous fingerprints provide such protection. Then, if the sub-
strate changes color upon oxidation, the change in color between
the oxidized areas (fingerprint valleys) and the protected areas
(fingerprint ridges) results in a “developed” fingerprint which is
visible to the naked eye. Specifically, the copper substrate darkens
upon oxidation, resulting in a “negative” image, as mentioned
above. It is important to note that while the experiments given
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FIG. 10—X-ray photoelectron spectra taken from an uncovered: (a) and covered with palmitic acid, (b) copper plate in the vicinity of the Cu 2p

peak, for several sputtering times, after development.

here have been performed on metallic substrates, non-metallic
objects undergo the same physical and chemical processes under
the above presented development conditions. Thus, the same devel-
opment mechanism is expected to apply for any substrate which
changes color upon oxidation, whether metallic or not.

TABLE 1—Aftomic concentration of Copper and Oxygen on a free or
covered with Palmitic-acid based “artificial sweat” Copper
surface, before and after development.

Undeveloped Sample Developed Sample

covered uncovered covered uncovered
Element (%) (%) (%) (%)
Copper 2.8 29.1 45 21.1
Oxygen 13.7 143 194 40.2

The chemical nature of the observed phenomena is made clear
by the results of fingerprint development with the setup shown in
Fig. 2. As explained in the preceding section, in this setup the
sample takes no part in the discharge process. Nevertheless, the
results of all fingerprint developments were similar to those
obtained using the setup shown in Fig. 1. Thus, it is quite obvious
that the various physical processes involved in the corona discharge
(e.g., electron and ion bombardment) are of no consequence to
fingerprint development. This is consistent with the proposed
mechanism because the generated oxidizing species reach the sam-
ple of the apparatus shown in Fig. 2.

The main body of evidence in support of substrate protection
and/or oxidation is provided by the results of the XPS measure-
ments: The underlying copper (i.e., the substrate) is initially unoxi-
dized, and remains so after being covered by the “artificial sweat”.
Following the development, the bare substrate is greatly oxidized.
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However, the “artificial sweat” covered substrate (equivalent to
the region under the fingerprint ridges) is only lightly oxidized,
both in terms of the oxidized-copper-related XPS signal (see Fig.
8 and Fig. 9) and in terms of the depth of the oxidized region (see
Fig. 10). We believe the light oxidation found is due to pores in
the covering material. Such pores are also to be expected in real
fingerprints. This conclusion is corroborated by the presence of
some copper-related signal in the (surface sensitive) X-ray photo-
electron spectrum of the covered area both before and after devel-
opment (see Table 1).

The protection of the substrate from oxidation by saturated fatty
acids is made clear by the results of the development experiments
with different sweat ingredients and “artificial sweats”. All finger-
print development attempts with sweat ingredients composed of
relatively short molecules, e.g., amino acids, failed. This indicates
that such materials do not provide good protection against substrate
oxidation. Accordingly, only non-water-soluble fingerprint compo-
nents could be observed using our technique, because all water-
soluble ingredients are composed of relatively short molecules.
Since the great majority of eccrine gland constituents are water
soluble, it is easy to understand why development of eccrine
fingerprints failed. Thus, it is mainly the non-water-soluble ingre-
dients of fingerprints which are involved in the development
process. Sebaceous fingerprints include a small amount of water-
soluble components, which may react as well during develop-
ment. Hence, some influence of water-soluble compounds,
although unlikely, cannot be completely ruled out.

It is interesting to note that ozone is known to attack double
bonds existing in unsaturated fatty acids (9) (e.g., trioleic-glycerid)
and thus split such acids into smaller molecules. As explained
above, shorter chains provide less protection against oxidation.
Hence, our proposed mechanism also explains why the drop based
on a saturated fatty acid (stearic) shown in Fig. 5 is clearly visible,
whereas the drop based on unsaturated fatty acid (trioleic-glycerid)
shown in the same figure is barely visible.

Because we have satisfactorily explained all experimental results
using a chemical oxidation model, one may ask why use an electri-
cal discharge at all instead of an alternative ozone (or other oxidiz-
ing species) source. In practice, however, the only commercial
method for ozone generation is an electrical discharge (9,10). After
its generation, the ozone decomposes rapidly and therefore cannot
be stored well, unless a complicated procedure is performed (9).
Moreover, ozone is highly explosive (11). Similar observations
hold for other oxidizing species generated by the electrical
discharge.

Because the model presented above explains the development
process in terms of exposure to ozone and other highly active
oxidizing species, it predicts that the development would be
optimal when the conditions for generating these species are
optimal. It has been shown (10) that the optimal conditions for
such generation in air are a minimal air gap and maximal pulse
amplitude and frequency, within the following restrictions: a.
The pulse period must not exceed the micro-discharge duration
(10) (i.e., the minimal possible time between two consecutive
streamers emanating from the same point, typically ~1-10 ns).
b. The air gap must be large enough to enable the occurrence
of a discharge, as given by the Paschen relation (2). Hence,
the optimal air gap is slightly larger than the Paschen minimum,
and is of the order of a few microns under atmospheric pressure.
c. The pulse amplitude must be below damage threshold (to
the electrode or to any material within the plasma). By consider-
ing the optimization results presented in the results section, it

becomes clear that the predictions of the above presented model
are confirmed experimentally. Indeed, the development improves
with decreasing inter-electrode spacing and increasing pulse
amplitude and frequency. The optimization results discussed here
serve two purposes. On the one hand, they indicate how to
obtain better developed fingerprints. On the other hand, they
serve to corroborate the proposed model further.

Conclusions

A novel technique has been presented for the development of
latent fingerprints, based on placing the sample in an oxidizing
environment induced by a corona discharge. It has been shown
to be useful for non-porous objects with sebaceous fingerprints,
whether they have a smooth or a rough surface and whether they
are wet or dry objects. A development mechanism is proposed
based on production of oxidizing species, such as ozone, in the
corona discharge and subsequent oxidation of the fingerprint back-
ground (substrate), while saturated fatty acids present in the fin-
gerprint protect the substrate underlying it from oxidation. This
leads to a “negative” visible image. A minimal air gap and maxi-
mal electrical pulse frequency and amplitude provide the best
results, aithough very good results are produced over a wide range
of parameters.

This paper has been devoted to presenting the newly discovered
technique and understanding its underlying physical and chemical
principles of operation. Clearly, more research, which is outside
the scope of the current paper, is necessary before the technique
may be successfully applied to real cases. In particular, the tech-
nique needs to be tested on various substrates, other than the
metals used in this study, with aged fingerprints, etc. A thorough
comparison of the techmique to other known techniques for the
development of sebaceous fingerprints is also in order. In particular,
its use as a complementary method {e.g., with the cyanoacrylate
method (1)) should be considered. However, one clear advantage
of the technique is that the development is performed in a gaseous
phase (12).
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