
Chapter 35
Adjustable Current Source for Pulse
Electrochemical Deposition Installation

Wei Cao

Abstract This paper presents a printed circuit boardwith a controlled current source
for pulse electrochemical deposition of thin films. The developed current source
consists of an analog-to-digital converter, a digital-to-analog converter, a buffer
amplifier, a transistor, and is controlled by ArduinoMega board through the designed
LabVIEW program. The measurement results of the designed current source are
presented. The source provides an output current of up to 70 mA. The duration of
time intervals is regulated with 1 ms increments and provides the required operating
modes.
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35.1 Introduction

Today’s economy is developing rapidly. Due to people’s inadequate anticipation of
the negative effects of highly developed industries and unfavorable prevention, there
are three major global crises: energy shortage, environmental pollution, and ecolog-
ical destruction. Energy is the material basis of human activities. The development of
human society is inseparable from the emergence of high-quality energy and the use
of advanced energy technologies. Therefore, the most urgent task is to vigorously
develop green energy to alleviate these three crises. It is urgent to develop green
energy [1].

In the past few decades, energy harvesting technology, which converts natural
dissipating energy into usable energy, has been studied to help mitigate energy deple-
tion around the globe, and thus various methods to harvest this energy have been
suggested. In particular, solid-state conversion of heat to electricity is expected to be
a key energy harvesting technology in the future. Thermoelectric energy harvesting
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can replace and does not require batteries in wireless networks for different appli-
cations [2]. Thermoelectric power generation technology is an energy harvesting
technology developed based on the Seebeck effect of thermoelectric materials.

There are various ways of producing materials for thermoelectric generators. One
of them is electrochemical deposition, which requires an external current source. The
development of such cheap current source is the main goal of this work.

35.2 Production of Thermoelectric Materials

A thermoelectric generator (TEG) is a semiconductor device that converts the temper-
ature difference into an electrical energy due to the [3–5]. Thermoelectric materials
used to generate thermoelectric power are mainly semiconductor materials such as
Bi2Te3, SiGe, and MnTe.

The thermoelectric power generation equipment made of these thermoelectric
materials is small in size, light in weight, no vibration, no noise, long service life,
and the advantage of long-term operation in extremely harsh environment is very
suitable for a variety of uncontrolled sensors, satellite power supplies, beacons and
navigation signs, as well as for areas of medical and physiological research [6].
TEGs are classified into two types: volumetric and thin-film devices. Thin-filmTEGs
are manufactured using solid-state semiconductor technologies compatible with the
technology of manufacturing microelectromechanical systems (MEMS) [2].

In [5], we learned that due to its technical compatibility with silicon and high
thermal stability, the application of semiconductor silicide may be one of the most
important stages to improve the performance of thermoelectric generators. There-
fore, the TEG of Uni-Leg structure is designed. The premise of the TEG struc-
ture is that the thermoelectric elements of two n-type and p-type thermoelectrically
active semiconductor materials are interchangeable (TE), and they can be thermally
connected in parallel and electrically connected in series (π structure), Or TE is
made of only thermoelectrically active material semiconductor material-single ther-
mocouple (Uni-Leg), as shown in Fig. 35.1. The Uni-Leg structure simplifies the
structure of the thermoelectric generator; therefore, it reduces the cost of off-the-shelf
products [7]. Therefore, it can be used in daily life.

Among thermoelectric materials, N-type bismuth telluride (Bi2Te3) and P-type
antimony telluride (Sb2Te3) are attractive because of their high characteristics for
thermoelectric generation applications near room temperature [8–12]. There are
manymethods for the synthesis of thesematerials. Pulsed electrochemical deposition
is one of the widely used methods for producing thick films [13].
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Fig. 35.1 3D geometry model of a Uni-Leg TEG [7]

35.3 System hardware

This design uses Arduino Mega 2560 from Arduino to build the main controller.
ArduinoMega 2560 is a micro control board based on ATmega2560. It has 54 digital
input/output ports (15 of which can be used as PWM outputs), 16 analog input ports,
and 4 UART interface, 16 MHz crystal oscillator, USB port, battery port, ICSP
header and reset button [14]. Arduino Mega 2560 sends and receives data through
MAX5533 and the serial port [15].

Fig. 35.2 The block diagram of the developed current source
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Fig. 35.3 Final PCB

The block diagram of the developed current source is shown in Fig. 35.2 and
consists of a digital-to-analog converter, an operational amplifier, a field-effect tran-
sistor, an analog-to-digital converter and several resistors. The transistor plays the
role of a current source controlled through a voltage follower on the operational
amplifier using a digital-to-analog converter, the output voltage of which is set by
the Arduino board. The voltage across the resistors connected to the drain of the tran-
sistor, proportional to the generator output current, controlled by a high-precision
analog-to-digital converter.

The resistanceRf is the feedback resistance, andVin+andVin− are the operational
amplifiers. In this design integrated circuits MAX5533, MCP3201 and MCP606 are
used. The current source is controlled in the developed program in the LabVIEW
environment through the Arduino Mega 2560 (Fig. 35.3).

35.4 System Software and Measurement Results

In [13], which describes the synthesis and study of thick films of electro-chemically
deposited thermoelectricmaterials Bi2Te3 and Sb2Te3, some information is presented
on the required parameters of the source for a pulsed electro-chemical deposition
unit, among which the range of generated currents up to 35 mA and applied voltages
up to 1.5 V. Synthesis of a thick film in this method is performed using an alternating
current. The applied potentials used in pulsed deposition alternate between ON and
OFF intervals. In the ON interval, potential Eon is applied to the sample and the
flowing current is controlled for film growth, as in conventional electrochemical
deposition. Meanwhile, the current is maintained at 0 mA during the OFF interval.
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In this case, it should be possible to set the pulse duration equal to 100 ms for the
ON state and 200 ms for the OFF state.

The user interface of the designed LabVIEW program is shown in Fig. 35.4.
Though this interface user can control time intervals and maximum output current
of the source due to the internal 2-bit controlled reference of the digital-to-analog
converter. Thus, the maximum current is 23.8 mA.

The designed controlled current source has been tested at room temperature
(Fig. 35.5). Figure 35.6 shows the oscillogram of the developed current source output
signal. X-axis scale: 100 ms/div, Y-axis scale: 5 mV/div.

Figure 35.6 was obtained in high resolution mode. In peak detect mode we can
see some digital noise that will be eliminated during future work.

Fig. 35.4 Front panel layout

Fig. 35.5 Measurement
setup
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Fig. 35.6 Output signal of controlled current source

35.5 Conclusion

The paper presents designed adjustable current source for a pulsed electrochemical
deposition unit with the following parameters:

• the output current of the source is up to 24 mA when the DAC reference source
is operating with a minimum voltage and up to 70 mA with a maximum voltage;

• durations of time intervals are adjustable in 1 ms steps and provide the required
operating mode.
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