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Abstract 
This study aims to present the design of a new soldering iron for welding electronic components that work via AC magnetic fields. 
Moreover, the device has been designed to operate in cordless mode. The system comprises of a resonant inverter that is capable of 
generating an alternating magnetic field of 250 kHz in the center of a coil of 11 wires. The heating element is a cylindrical piece of 
ferromagnetic stainless steel with a concentric core of copper, which is maintained in contact with a standard and commercial tip. 
Additionally, we determined the power factor and the efficiency of the energy transfer with a maximum power consumption of 134 watts. 
The system represents a good tool suitable for the realization of development boards or electronic tasks. 
 
Keywords: Electromagnetic induction, Heating, Resonant inverter, Soldering. 
 
 

Desarrollo de un cautín inalámbrico rápido a través de calentamiento 
por inducción 

 
Resumen 
Se presenta el desarrollo de un dispositivo para soldar componentes electrónicos, el cual funciona a base de campos magnéticos alternos. 
El dispositivo ha sido diseñado para trabajar sin cableado. El nuevo soldador se compone de un inversor resonante capaz de generar 
campos magnéticos alternos de 250 kHz en el centro de una bobina de 11 espiras. El elemento calefactor es una pequeña pieza cilíndrica 
de acero inoxidable magnético con un núcleo concéntrico de cobre, el cual se encuentra unido a una punta reemplazable para cautín 
comercial. Adicionalmente hemos determinado el factor de potencia y la eficiencia en la transferencia de energía con un máximo de 
consumo de potencia de 134 Watts. El dispositivo representa una buena herramienta adecuada para la realización de tarjetas impresas 
para circuitos o tareas de electrónica. 
 
Palabras clave: Inducción Electromagnética, Calentamiento, Inversor Resonante, Soldador. 
 

 
 

1.  Introduction 
 
The induction heating process is a physical phenomenon 

that is widely used for the fast heating of ferromagnetic 
materials. A focalized distribution of eddy currents on the 
material is the origin of a quick heating [1]. Indeed, this 
kind of heating is cleaner than the conventional method of 
electric resistances as it does not involve any contact with 
the material [2]; nevertheless, the use of resistances implies 
a simpler technology and lower manufacturing cost. 

At present, induction heaters are used in industrial 
applications for metallic pieces, such as dilatation, furnacing 
and welding [3]. Moreover, it is also used in daily life tasks, 
such as cooking [4], sealing plastic bags [5], and ironing 

clothes [6]. Other new applications are focused on the 
heating of magnetic iron oxide nanoparticles for the 
treatment of tumors [7] and for the study of the specific 
absorption rate of magnetic materials [8]. 

On the other hand, there are two types of soldering irons 
(guns or pencil presentations) especially designed to 
perform the welding of electronic components on printed 
circuit boards (PCB), mostly in electronic labs. The more 
common ones are mainly composed of an electrical 
resistance wrapped around a heating element that transmits 
the heat to a soldering tip to melt the wire of lead/tin. 
However, in the last few years, it has been possible to 
acquire high frequency soldering irons that work by using 
magnetic induction [9]. Due to a very different physical 
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principle, these devices exhibit a higher performance to melt 
the wire in contrast to the devices of resistance. These 
presentations of soldering irons (with resistances or 
induction) possess a cable directly connected to a domestic 
tension line or a control station. This fact represents a 
source of possible accidents, imprecise welds or an obstacle 
in the soldering process. In order to tackle this issue, the 
present work aims to develop a cordless soldering iron via 
induction heating. This device is a powerful tool, which 
allows comfortable welding, and is a good alternative for 
the development of tasks in the electronic lab. 

 
2.  Theoretical Background 

 
2.1.  Induction heating 

 
The AC current flow in a cylindrical conductor rod with 

radius a have been studied for several years [10]. In case the 
conductor has ferromagnetic properties, this current flow 
could be induced by AC magnetic fields, producing a rapid 
heating in the material, formed by the distribution of eddy 
currents [1]. Fig. 1 shows the typical procedure to heat a 
ferromagnetic piece placed inside the region of a magnetic 
flux. The magnetic field is generated by the use of a coil 
with N loops and inductance L, which is powered with an 
AC power supply of high frequency. Moreover, the 
magnetic permeability of the metal depends on the 
temperature; indeed, the ferromagnetic ordering of the 
material could vanish in the Curie point (Curie temperature 
TC) where it becomes a paramagnetic material [11,12]. 

In agreement with Brown [13], the magnitude of the 
magnetic field intensity H in the rod satisfies eq. (1). 
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where, f is the frequency, μ is the magnetic permeability and 
σ is the conductivity of the material. 

The solutions of eq. (1) are the typical Bessel functions 

of first class and order zero  fjrAJH 20  , which 

describes an oscillatory behavior of H(r) in r = 0. 
This solution can be rewritten as shown in eq. (2) [13]. 
 

 
Figure 1. A ferromagnetic rod or cylinder heated with an AC magnetic 
field.  
Source: Own 
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r
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where, fs 1 is physically known as the 

penetration of the radiofrequency (skin thickness) in the 
material [14], and the constant A depends on the initial 
conditions. With the new variables in eq. (2), it is possible 
to obtain the solution as a function of the radius of the 
cylinder and the skin thickness. 

The relationship between the electric field due to the 
induced currents in the material and the magnetic field 
intensity is given in eq. (3). This expression can be obtained 
from the Maxwell-Ampere equation [15] neglecting the 
dielectric component of the material. 
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Then, it is possible to determine the power dissipated  

( 2Ep  ) for the ferromagnetic rod in watts per unit 

length, as expressed in eq. (4) [15]. 
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With a further analysis using the Frobenius solution of 

H, assuming uniform magnetic field intensity H0 in all the 
metal and imposing boundary conditions on the surface of 
the cylinder, the value of A is determined. Thus, P is 
obtained in two ranges of (a/s) as shown in eqs. (5) and (6) 
[13]. 
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Among the two equations, eq. (6) is more commonly 

used in industrial applications of induction heating; besides, 
the design of the heaters must take into account the values 
of μ and σ of the materials in order to establish the 
frequency range for heating. For example, if the goal is to 
heat a 1 cm diameter magnetic stainless steel rod, 
considering the definition of s, the regime  5sa and the 
values of μ = 1.76 × 10−5 N A−2 and σ = 1.45 × 106 
Siemens/m, respectively, the minimum frequency suitable 
to heat is 100 Hz. If we increase the frequency, the material 
will also be heated and the skin will diminish. This material 
is a good electrical conductor but a bad conductor of heat, 
whereas copper has a high σ, a low μ, and transmits heat 
very quickly and high frequencies are needed [13]. 
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2.2.  Resonant inverter 
 
Various configurations of switching circuits can be 

designed to generate AC magnetic fields. The resonant 
inverters are a good alternative to obtain AC current. They 
could be composed of an H-bridge (full or half) or “push pull” 
configurations of transistors to feed a series or parallel LC 
circuit or “tank” [16]. The tank resonates when the difference 
between the capacitive and the inductive reactance is null. The 
commutation ON/OFF of the transistors is carried out using a 
driver circuit. In some applications, a phase follower stage 
(PLL) or frequency compensation is also needed [17,18]. 
Indeed, various reports have shown that the resonant inverters 
can be used as correctors of power factor under certain 
operating conditions [19,20]. 

The half H-bridge inverter (Fig. 2) is an attractive choice 
in low-power and high-frequency applications as it exhibits 
good stability and simple topology to feed L-C, C-L-C or L-
C-L resonant circuits with low total harmonic distortion. 
Fig. 2 shows a well-known resonant inverter (half or full 
bridge) [21,22], which feeds a CR-LR parallel circuit with 
correct impedance coupling through CM-LM circuit. The 
capacitor CM limits the current to the resonant tank (CR-LR) 
and diminishes unwanted DC voltages. The inductor LM is a 
filter for higher frequencies and gives the initial impulse to 
the tank circuit in each cycle of commutation. This resonant 
inverter also contains identical zener diodes to maintain the 
rectangular shape of the pulse, opposite identical ultrafast 
diodes to drain the back-electromotive forces and RC 
snubber circuits to suppress voltage transients returning 
from the tank. It is important to note that the maximum 
current value and magnetic field of the tank, in ideal 
conditions, satisfy eqs. (7) and (8), respectively; whereas, 
the frequency is approximate by eq. (9). 
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Figure 2. Diagram of a resonant inverter L-C-L with a half H-bridge. 
Source: Own 

 
Figure 3. (A) New soldering iron with all the pieces, (B) lateral view of the 
soldering iron and the support with the resonant coil (5) and sensor (6), and 
(C) the full device including the control box (7).  
Source: Own 

 
3.  Materials and Methods 

 
3.1.  The industrial design of the soldering iron 

 
Initially, we used the handle of a commercial soldering 

iron with pencil design based on a resistance; thus, a new 
set of pieces was adapted to work via magnetic induction. 
Fig. 3(A) shows the design of the new soldering iron, which 
contains a thermal insulating handle (1), a thin cylindrical 
piece of copper (2), a thick cylindrical piece of magnetic 
stainless steel (3) and a standard tip (4). 

The piece (3) is heated by the resonant inverter and works 
like a small thermal reservoir due to its diameter and low 
thermal conductivity. A radial heating is received by the 
concentric cylinder (2) and is quickly transferred to the tip (4). 
Fig. 3(B) shows a lateral view of the new soldering iron and its 
station. In this station, there is an AC magnetic field generator 
(5) to heat an extreme (3) and an infrared sensor (6). Fig. 3(C) 
exhibits the full system including the control box (7). In the coil 
(5), we have winding Litz wire on a rod of fiberglass to 
diminish the heating on the copper due to the skin thickness and 
support the temperature of the soldering iron, respectively [23]. 

 
3.2.  Electronic features of the soldering iron 

 
In order to develop the cordless soldering iron, we used 

a resonant inverter, like the one shown in Fig. 2 but without 
snubbers, transistors STW14NK50Z (MOSFET technology) 
of very low cost and the passive components CM = 300 nF, 
LM = 10 μH, CR = 188 nF, and LR = 2.15μH. The device 
also contains a microcontroller (MCU) PIC18F4550 for 
driving the inverter, to digitizing and displaying the 
temperature readings. Initially, the MCU produces two digital 
control signals with a 60% duty cycle, 250 kHz frequency 
with 180° of phase shift and a delay of 0.5 μs between them. 
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Figure 4. (A) Block diagram of the driver and (B) corresponding output 
signal of the driver.  
Source: Own 

 
 
The pulses are pre-amplified with a pair of MOSFETs 

BS170 to feed an isolation transformer of 45 turns. Next, each 
signal is an input of the MOSFET driver UCC37321P and 
UCC37322P, respectively, to invert each one. Then, the stages 
of low and high powers are galvanically isolated. Fig. 4(A) 
shows the block diagram of the driver circuit, while Fig. 4(B) 
shows the signals to switch the current in the inverter obtained 
from the oscilloscope and measured in each gate of the 
transistor. These signals have rectangular shape with a 40% 
duty cycle and 0.5 μs dead time. The negative amplitude of the 
signal guarantees the fast cut-off of the transistors, whereas the 
positive one ensures its saturation status. 

In order to have a continuous monitoring of the welding tip 
temperature, an infrared thermopile MLX90616 is calibrated. 
This sensor is connected to an integrator and a non-inverting 
amplification using operational amplifiers. The total gain of 
the amplification is 7.3 and the circuit is shown in Fig. 5. 
Protection of the device is essential for having control on the 
maximum temperature of the stainless steel, since a strong 
diminution of the resonant charge could damage the circuits. 
This fact becomes very critical when the temperature in (3) 
reaches the value T = TC, or when the user heats different 
materials with the same resonant coil. Our observations in the 
range from room temperature to 500°C of the inductance 
allow a maximum increasing of 5%. For this reason, an  

 

 
Figure 5. Amplification circuit of the thermopile infrared sensor.  
Source: Own 

electronic stage of frequency compensation or PLL circuits 
can be neglected, but it is also needed to turn-off the system 
when the soldering iron has been removed. 

The DC power supply of the inverter has been 
constructed using EMI/RFI filter to avoid any interference 
with other equipments [24], then the AC current is rectified 
by four diodes, and another LC filter (150 μH and 1 μF) is 
added to increase the power factor; besides, we observed a 
diminution of the total harmonic distortion in the output 
current. Fig. 6 shows the schematic circuit. 

 
 

 
Figure 6. Schematic diagram of the DC power supply.  
Source: Own. 

 
 

 
Figure 7. Welding cycles with (A) de = 0.762 cm, (B) de = 0.889 cm, and 
(C) de = 1.016 cm.  
Source: Own 
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Figure 8. (A) Curves of voltage (black line) and current (gray line) 
obtained experimentally and (B) ideal curves simulated with the LT-Spice.  
Source: Own 

 
 

4.  Experimental Results and Discussions 
 
With the aim of establishing a “welding cycle”, we 

studied the heating of the tip with various diameters of the 
stainless steel piece (3) as shown in Fig. 3(A). The readings 
of the infrared sensor were obtained using the oscilloscope 
with scales of 50 s/div and 120°C/div. 

Fig. 7 exhibits the welding cycles considering external 
diameters de of 0.762 cm, 0.889 cm and 1.016 cm. For 
example, with de = 0.762 cm and starting from room 
temperature (25°C), the value T = 500°C is reached in 45 s. 
This value is maintained for a time lapse, before the inverter 
is turned off and the temperature diminishes to reach T = 
200°C in 90 s. At this point, it is not possible to melt the 
welding wire, but by turning on the inverter, the tip again 
reaches T = 500°C in 20 s. Thus, ideally, we have 20 s to 
heat the tip and 90 s for soldering electronic components. 
We chose de = 1.016 cm, with a cycle 32 s to heat, 155 s for 
soldering and initial heating of 80 s, the latter is similar to 
the initial heating time of a commercial soldering iron with 
resistance (pencil). 

Following with the characterization of the device, using 
a current probe of Hall Effect A6303 with its corresponding 
amplifier AM 503 connected to an oscilloscope, the curves 
of voltage and current in the resonant tank were studied 
while the tip was heated. Fig. 8(A) shows a sinusoidal shape 
of 250 kHz in the current (0.5 A/mV) and voltage (50 

V/div), with maximum RMS value of 16.26 A and 56.57 V, 
respectively. Moreover, a phase shift of 82° was observed. 
These measurements exhibit a good agreement with the 
ideal values simulated in the LT-Spice platform shown in 
Fig. 8(B). Furthermore, a very small distortion was 
observed in the current signal. 

Fig. 9(A) shows the signal of the current (1 A/mV) in a 
larger interval, which is modulated in amplitude, the 
modulating signal is 60 Hz of the domestic line tension. 
This observation is also in a good agreement with the 
theoretical predictions of the simulation shown in Fig. 9(B). 
The main difference is in the zero crossing, but this is due to 
the capacitance of the LC circuit to correct the power factor. 

 

 
Figure 9. (A) Curves of current obtained experimentally and (B) simulated 
with the LT-Spice.  
Source: Own 

 
 

 
Figure 10. Curves of the current (gray line) consumption and voltage (dark 
line) obtained experimentally.  
Source: own 
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Additionally, in order to study the power consumption 
of the device, the curves of current and voltage in the input 
were also analyzed. Fig. 10 shows those curves in the scale 
of (0.1 A/mV) and (100 V/div). In those measurements, a 
phase shift º6 is observed, which allows a power 
factor 995.0º6 Cos , current consumption IRMS = 1.06 
A with VRMS = 127 V. 

We analyzed the efficiency with a simple calculus of the 
maximum input and output power of the device; this value 
is given by eq. (10). 

 

,
input

output

P

P
 (10) 

 
where, Pinput and Poutput satisfy eqs. (11) and (12), 
respectively. 

 

.cos inputinputinputinput VIP  (11) 

.cos outoutoutoutput VIP  (12) 

 
Regarding the RMS values shown in Figs. 8(A) and 10, 

Poutput = 128 W, Pinput = 134 W and η =95.5%. 
 

5.  Conclusions 
 
In this study, we designed and built a new and efficient 

soldering iron with pencil presentation and replaceable tips, 
which works via high frequency induction heating. Moreover, 
the pencil does not contain any cord to the power supply in 
order to avoid accidents in the welding process. The device 
was developed using a resonant inverter with half H-bridge 
topology controlled using a microcontroller. 

The microcontroller reads the temperature of the tip and 
turns off the device before it reaches the Curie temperature or if 
the pencil is removed. The device is characterized by 
determining its curvers of input and output current and voltage. 
It exhibits an acceptable power factor and efficiency of 95.5% 
and a low total harmonic distortion. Furthermore, the device is 
built using low cost components. It represents a suitable 
alternative in the welding tasks in comparison to the current 
devices based on resistances. Indeed, the device is currently 
being used in our Biophysics lab and has proved to be a very 
useful tool for welding fragile electronic components on PCBs. 
Our observations indicate that with the “welding cycle” 
chosen, an experienced electronics technician may perform up 
to 45 welds per cycle. 
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