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1. Introduction
We have been developping palmtop electron probe X-ray microanalyzers (EPMA) for these
several years [1-4] and succeeded to make such an instrument recently [3], and in the
present chapter, we describe how to make an instrument in detail. The EPMA is an
instrument to perform microanalysis (micrometer area elemental analysis) of any kinds of
samples, such as metals, alloys, minerals, environmental and biological samples, by using an
electron beam. Usually 10-30 keV kinetic energy electron beam is focused less than 1 µm in
order to irradiate a sample, and consequently to excite characteristic X-rays such as Kα (2p
→ 1s) or Lα (3d → 2p) lines. From the energy and intensity of the characteristic X-ray lines,
the kind (qualitative analysis) and concentration (quantitative analysis) of the elements in
the specimen can be analyzed. Commercially available EPMA instruments are usually large
(need a room of at least 3 m × 5 m to install) and expensive instruments (a few 105 USD).
The palmtop EPMA we describe in the present chapter has features as follows and different
from the conventional EPMA.
1.

2.

3.

4.

Small size. The size of the main part (sample holder, X-ray emission part, and the
electron gun) is palmtop size. Typically less than 3 cm diameter and 5 cm length (Fig.1),
but can be smaller than this size. The limitation of the size is due to the high voltage
discharge distance.
Electric battery driven. The electron gun is driven by two 1.5 V electric D-batteries (Fig.
2), i.e. 3 V is enough for high energy (>10 keV) electron beam in order to excite
characteristic X-rays.
The X-ray detector is Amptek Si-PIN detector (Fig. 3). Thus the size of the detector is
also small. We use analog type X-ray detector amplifier. The size of the detector preamplifier is typically around 7 cm × 4 cm × 3 cm. The temperature control of the
detector unit and bias power supply from the Amptek Co. is needed (Fig.3). Thus we
need power supply for the Si-PIN controller to cool down the detector and bias voltage.
However usually low voltage (5-12 V) DC is enough.
The pulse height analyzer (PHA) commercially available is not used, but we use a
musician's amplifier and Windows computer as an alternative to the commercially
available PHA [5-8]. This part is usually called DSP (digital signal processor). Usually a
DSP is an expensive device which costs between 5000 and 10000 USD. However the
musician's amplifier (Fig. 4) is typically less than 500 USD.
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Vacuum in the sample chamber is of the order of 10-2 Torr (or ~1 Pa). This vacuum level
is equivalent to the vacuum reached by a small rotary pump. Higher the vacuum than
10-2 Torr, in other words, too good or too high vacuum is not effective for high intensity
X-ray emission. Too high vacuum down to 10-6 Torr needs expensive turbo molecular
pump or oil diffusion pump, however, the residual gas is an electron source for the
electron gun, thus such a high vacuum reduces the intensity of X-rays emitted. Too low
vacuum up to 10-1 Torr will make electric discharge and 10-2 Torr is suitable for the
present instrument. This vacuum level is suitable for oil sealed rotary pump (Fig. 5).
The sample exchange is easy because the vacuum seal is usually rubber O-ring (Fig. 6)
and can be easily opened after air leaked.
The electron beam size is not micrometer, but as wide as the vacuum vessel diameter. It
irradiates whole part of the sample and thus sample holder as well as vacuum vessel
materials are excited. However the sample size can be as small as possible depending
on the signal intensity. A typical size of the specimen is 50 µm diameter × 5 mm length
metal wire. Thus single sand particle can be measured.
The palmtop EPMA can be made in laboratory, even by students without special
experience.

a

b

c

d

Fig. 1. Various kinds of palmtop EPMA made in our laboratory. (a) NW25 nipple is used for
vacuum chamber, a hole is sealed by Kapton tape. (b) Glass type vessel is on the palm. (c)
The whole system of the palmtop EPMA. (d) Another type of palmtop EPMA, with Pirani
vacuum gauge.
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Fig. 2. Electric D-batteries.

Fig. 3. Amptek Si-PIN X-ray detector (taken from Amptek Web page)

Fig. 4. Musician’s amplifier for DSP.
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2. The parts prepared before to build a palm-top EPMA
The following mechanical or electronic parts should be prepared to build up the instrument.
1.

Rotary pump. Oil sealed rotary pump to reach to the vacuum level of the order of 10-2
Torr or around 1 Pa is needed. The smaller size rotary pump is preferable. Single phase
100 V power supply is enough. A typical rotary pump used in the present work is
shown in Fig. 5.

Fig. 5. A small rotary vacuum pump.
2.

3.

4.

5.
6.
7.

Si-PIN X-ray detector. Amptek X-ray detector (Fig. 3) is needed. It costs usually less
than 4000 USD including the preamplifier. The controller of Peltier device inside the SiPIN detector to cool the Si-PIN device is needed. Usually the power supply associated
with the Si-PIN detector is preferable. If Si-PIN X-ray detector is not available, GeigerMüller counter is alternatively used for check the X-ray emission. The Geiger-Müller
counter is available less than 500 USD (Fig. 7).
Notebook size computer. Windows computer to control the Amptek Si-PIN detector, to
display the X-ray spectra, and to control and analyze the digital X-ray signal is needed
as is shown in Fig. 4. Several USB devices are connectable at the same time.
LiTaO3 single crystal (one piece). The size is around 3 mm (x) × 3mm (y) × 5 mm (z) (Fig.
8). The z direction should be known. From Shin-Etsu Chemical Co. Ltd., Japan, this
single crystal is available by less than 200 USD. Several other companies treat LiTaO3
single crystal of the size of 10 mm length and 3 mm diameter with similar price. Other
alternative is LiNbO3. These materials are called pyroelectric crystals. If these single
crystals are not available, at the first stage, you can use PZT stone used in the cigarette
lighter to ignite.
Peltier device. The size of Peltier device in Fig. 9 is 8 mm × 8 mm. To drive this Peltier
device, 3 V electric D-batteries are needed. (Fig. 2)
Glass vessel or steel nipple. Single crystal, peltier device, and sample should be inside
of the vessel or nipple to evacuate by the vacuum pump (Fig. 1).
If possible, Pirani vacuum gauge is helpful to build up the instrument.
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Fig. 6. O-ring, with brass specimen holder. Graphite is better than brass.

Fig. 7. Geiger-Müller counter

Fig. 8. LiTaO3 single crystals in plastic bags.
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Fig. 9. Peltier device of size 8 mm × 8 mm.

3. Principle
The pyroelectric crystal is a material usually called as ferroelectric material. A mineral
named tourmaline has similar characteristics. This is because the center of gravity of the
plus charge and minus charge ions are not the same place in the crystal, but has a distance
along z direction. Thus the extension or compression of these materials will produce electric
high voltage. If a single crystal of the thickness of 1 mm in z direction of LiTaO3 changes the
temperature (usually the heating will expand, and cooling will compression) from room
temperature (25 ºC) to say 50 or 100 ºC, then 10 kV high voltage will be produced. Thus
when the crystal with thickness of 5 mm will produce 50 kV and 10 mm will produce 100
kV. When this single crystal is put into low vacuum such as 10-2 Torr, the electrons in the
residual gas will be accelerated by this high voltage to hit the surface of the pyroelectric
crystal or counter electrode of the pyroelectric crystal [9-19], as shown in Fig. 12 below. If a
specimen is attached on the counter electrode, the electrons accelerated by the high voltage
between the pyroelectric (-HV) and counter electrode (0 V, grounded to earth) will hit the
specimen. Consequently the X-rays are excited by the ionization of electrons by the
bombardment of the accelerated electrons. Then the ionized electrons will contribute next
instance to be accelerated to hit the specimen again and again, until the surface charge is
neutralized. The vacuum should be not too good. Usually better side of 10-2 Torr is the
suitable vacuum for this experiment. The heating and cooling of the pyroelectric crystal
should be performed by a Peltier device. The temperature control of 50 ºC from the room
temperature (25 ºC) is possible. The polarity of the surface changes when heated and cooled.
Thus the electrons are moved inversely when heated and cooled. Usually it is heated for a
few minutes, then next few minutes the pyroelectric crystal should be cooled. When the
electron hits the pyroelectric surface, the X-rays are not from the specimen but Ta X-rays are
observable from LiTaO3.

4. How to build the main part of the palmtop EPMA
The Peltier device and the pyroelectric crystal are on the copper rod as shown in Fig. 10.
They are glued by silver paste. The reason using the copper rod is its good heat conductivity
as well as the electric conductivity. The one side of pyroelectric crystal glued to the Peltier
device should be grounded to the earth. The heat created by the Peltier device should be
diffused through the copper rod. Thus both silver paste and copper rod are suitable for this
purpose.
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Fig. 10. Pyroelectric crystal, Peltier device, and copper rod, glued by silver paste.
The anode is graphite rod as shown in Fig. 11. The specimen will be put on the graphite rod
by double sided carbon adhesive tape. This is also because of the electric conductivity. The
graphite rod and copper rod should be electrically connected to make the same ground
potential. The X-ray intensity becomes weak if the electric connection between the copper
and graphite rods is removed. Here the graphite is used as the specimen holder. The reason
we use graphite and carbon adhesive tape is because the specimen and holder are hit by the
electron beam from the pyroelectric crystal, and the carbon KαX-rays from graphite as well
as carbon adhesive tape are negligible because the C Kα energy is about 300 eV and thus
such a low energy soft X-rays are strongly absorbed by the air and window of the vessel
(Kapton), resulting the X-rays from graphite rod and carbon adhesive tape are not
detectable.

Fig. 11. Graphite anode as specimen holder.
The lead wire from the Peltier device is inside of the vacuum vessel, and should go through
the vacuum boundary to the outside of the vessel without the leak of the vacuum by using
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epoxy glue. If possible addition of thermocouple is helpful to measure the temperature of
the Pettier device.
Both of the electrodes are sealed inside the glass or stainless pipe by rubber O-ring. Viton
rubber O-ring is preferable. If NW-25 type quick coupling flange is directly used, this is
quite easy to seal the vacuum. The stainless steel nipple of NW-25 or glass pipe should have
ca 5 mm diameter through-hole to go through the X-rays, and this through-hole should be
sealed by thin Kapton film. Adhesive type Kapton tape is commercially available. Polyester,
PET (polyethylene terephthalate), or Mylar films glued by epoxy resin adhesives are
alternative to the Kapton tape. The structure of the palmtop part is illustrated in Fig. 12.

Fig. 12. Illustration of the palmtop EPMA.

5. How to operate
Putting stainless steel small plate, the size of which is typically 5 mm × 5 mm, on the
graphite rod, by double sided carbon adhesive tape, then the vacuum vessel should be
evacuated by the rotary pump. The connection between the vessel and the pump should be
thick rubber tube. At the first experiment, the stainless steel as the specimen should be as
large as possible to get enough X-ray intensity. The stainless steel is usually composed of 18
% Cr, 8 % Ni, and the rest Fe. Thus we can observe Cr, Fe, and Ni Kα and Kβ lines. After one
or two minutes evacuation by the rotary pump, the vacuum reached to better than 2 × 10-2
Torr. Then the Peltier lead wires should be connected to 3 V D-batteries. Waiting for 10-20
seconds, the Geiger-Müller counter reacts the X-rays, and the intensity is not very strong but
we can hear the X-ray counts sounds from the Geiger-Müller counter as almost continuous
sounds from the counter. It is more than a few tens of cps (counts per seconds). The polarity
of D-battery is no problem. If the polarity is for the pyroelectric crystal being +HV, the end
of crystal is hit by the electron and X-rays of Ta are emitted.
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If you confirm the emission of X-rays from the vessel, the next step is to measure the spectra
by the Si-PIN detector. It is better to become accustomed to use the Si-PIN detector to
measure the X-ray spectra by using other method, such as weak radio isotopes. Then the SiPIN detector should be close to the Kapton window of the palmtop EPMA to measure the
spectra. Usually the time interval to change the polarity of the D-battery from heat to cool
the crystal is 1 or 2 minutes. A typical temperature change and X-ray intensity decay are
shown in Fig. 13.
The spectra measured by the Si-PIN detector is shown in Fig. 14, where the peak intensity is
several thousands of counts for a few minutes one cycle. The X-ray intensity is not very
strong, but it is better to protect the exposure to the X-rays. Usually lead containing acrylic
plate is good for protecting from the X-rays, but steel plate of the thickness of 1 or 2 mm is
enough. The Geiger-Müller counter is not saturated during this experiment, but if the X-ray
intensity is too strong when Geiger-Müller counter is directly irradiated by an 1 watt X-ray
tube, then the Geiger-Müller counter will be saturated, and we cannot see the difference
between no X-rays. Thus the present experiment should be performed with an expert of Xray experiments.

Fig. 13. Time dependent temperature and X-ray intensity after the crystal became to be
cooled.

6. Digital signal processor
The X-ray signal from the Si-PIN X-ray detector is voltage signal. If the energy of X-rays is
high, the voltage increase step-like according to the energy of the X-rays. Thus when the Xray energy is high, the step height is larger. If the X-ray intensity is strong, then the step
frequency in unit time increases. The step height increases again and again, and finally the
voltage is larger than the voltage of the power source, then the step signal is reset and starts
again. Thus if the time dependent voltage increase is recorded as voice signal in the memory
of a computer as the voice recorder, we can plot the X-ray spectra by differentiating the step-
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like voltage signal and plotting the frequency of the pulses against the height of the peak.
This is the X-tray spectra. One of the X-ray spectra obtained in such a way is shown in Fig.
14. The X-ray intensity of our palmtop EPMA is not very strong (less than 10000 counts per
minute), thus the response of analog/digital (A/D) converter for music purpose is enough
(Fig. 15). The important points to use the music A/D convertor, or musician’s amplifier are
as follows.
1.

2.
3.

The input of music amplifier is usually biased by a DC voltage to drive a microphone,
and thus direct DC connection between X-ray pre-amplifier and music A/D converter
will cause to destroy the pre-amplifier, and thus AC coupling should be used.
Impedance should be matched.
Any kind of notebook computer has microphone input, and can be used for the similar
purpose, but the notebook computer inside is full of digital noises. Consequently too
high level of digital noises makes it impossible to measure the X-ray spectra. This is the
reason we use separate musician’s amplifier.

The above function is identical to the digital oscilloscope and if you have a digital
oscilloscope, you can connect your oscilloscope to the computer by a USB and import the Xray signal into your computer. After recording or during the recording, you can differentiate
the X-ray signal numerically, and plot the X-ray spectra on the computer display. When you
record the X-ray spectra, the peaks are not assigned at all, and the peaks should be assigned
using linear relation between the voltage and X-ray energy, and the energy of the spectra of
elements contained in the specimen should be assigned by an X-ray database. The resulted
X-ray spectrum is shown in Fig. 14. An example of the software is provided from X-ray
Precision Co. Ltd. Kyoto by the price of around 200 USD by CD-ROM, but you can make
such a program by yourself.

Fig. 14. X-ray spectra of steel and Ti (about 1 minute measurement).
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Fig. 15. Musician’s amplifier connected to X-ray detector and computer.

7. Maintenance and safety
The surface of the pyroelectric crystal becomes dark because of the sputtered particles by the
high voltage discharge will be deposited on the surface. These black fine particles are
electric conductive, and thus the high voltage is not accumulated in the pyroelectric crystal.
In such a case, the pyroelectric surface should be cleaned by cotton stick with ethanol to
remove the dark sputtered particles. Then the X-rays will come back again.
The earth electric line is important to avoid the electric shock. Also the electric connection
between the two electrodes is important to emit strong X-rays, as mentioned in the text. The
X-ray is dangerous to be exposed even it is very weak. Thus monitoring of the X-ray
intensity and shielding the X-rays are important for experiments.
After the experiment, the rotary pump should be leaked to the atmospheric pressure. If one
forgets to leak the air into the vacuum system, the oil in the rotary pump will rise up to the
vacuum vessel of the palmtop EPMA to fill the vessel, and consequently the experiment is
not possible any more because of the contamination by the oil. To avoid this, auto-leak valve
is preferable to attach just above the rotary pump. Since the auto-leak valve, manual air leak
valve, and Pirani gauge are attached to the vacuum system, the instrument shown in Fig. 1d
is not a simple one but complicated by vacuum parts. All these vacuum parts are connected
to the vacuum system by the NW-25 flanges.
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