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Abstract: In the field of electronics, one of the objectives of current research is to integrate numerous components in 

increasingly smaller volumes. Reducing the cost of manufacturing components requires integration and collective manufacturing. 

This paper mainly focuses on the design and the main steps of the micro-fabrication of a transformer with magnetic layers. 

Windings have been buried in a ferrite core by using Femtosecond Laser Micromachining. Such a burying of windings avoids air 

gap and greatly increases primary and secondary inductances. Different technological steps from copper deposition to the 

realization of the grooves in the magnetic material (in the case of the buried transformer) through etching, gilding, lapping, 

sawing, polishing and gluing have been described. We also used a negative photoresist (SU-8) as an insulating layer and as a 

support for the fabrication of an air bridge to connect the center pad of the coils to the ground plane. The micro-transformer was 

characterized with a Vector Network Analyzer and the bandwidth was observed from 20 kHz to 7 MHz. The gain in the 

bandwidth is equal to 0,86. The buried conductors allow to increase the magnetizing inductance of the transformer and the shift 

of 45° between the primary and secondary windings allows to decrease the capacitive coupling. 

Keywords: Integrated Micro-transformer, Femtosecond Laser Micromachining, Buried Windings, Ferrite 

 

1. Introduction 

1.1. Context 

The significant development of embedded devices requires 

reduction of both weight and size for electronic components. 

This development is accompanied by a working frequency 

increase. In the field of power electronics, distributed low 

power supplies for specific circuits are essential nowadays. 

For such DC-DC converters and more precisely for switches, 

a close command with galvanic insulation is required. These 

two functionalities are usually implemented using a 

transformer. Design of integrated micro-transformer for low 

power gate driver represents an interesting challenge. 

The first part of this paper is dedicated to a state-of-the-art 

literature review concerning integrated transformers with or 

without magnetic layers. The fabricated transformer 

specifications and the design are given in paragraph II. The 

different steps to micro-fabricate the transformer are 

described in the third paragraph. The fourth paragraph is 

devoted to electrical measurements and shows proper 

functioning of the studied transformer. A short conclusion 

summarizes the content of this paper and highlights its main 

interests. 

1.2. Interest of This Article 

This study focuses on a micro-transformer with buried 

windings in a ferrite core. Burying is performed by using 

Femtosecond Laser Micromachining. This micromachining 

of ferrite material is the only approach that can be used for 

small dimensions ranging from a few tens to a few hundred 

of micrometers. 

The use of two magnetic layers improves main 

characteristics of transformers such as inductance value on 
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the one hand, and on the other provides an electromagnetic 

shielding. Moreover, burying of windings avoids air gap and 

greatly increase primary and secondary inductances. Our 

approach using ferrite material is suitable for fabrication of 

devices operating in a wide frequency range, between some 

tens of kHz up to 100 MHz. 

1.3. State-of-the-Art Literature Review 

Integrated transformers can be classified into two types: - 

coreless transformers that exhibit low inductance value. They 

are used for high-frequency applications, usually beyond 

some tens of MHz. - transformers with magnetic layers that 

exhibit a higher inductance than coreless transformers. 

Running frequency range is classically less than a few tens 

MHz. Various magnetic material are used such as ferrite, 

Fe-Ni, soft magnetic alloys… 

2. Coreless Transformers 

Dae-Hee WEON et al. [1] have designed, fabricated, and 

tested 3 original helical RF transformers on high-resistivity Si 

substrate using stressed metal technology. 

Various types of transformers such as stacked transformers, 

coupling stacked transformers, interleaved transformers and 

symmetrical transformers on GaAs substrate were studied by 

C. MENG et al. [2]. Inductance values range between 3 and 

12nH for running frequencies up to 4GHz. 

A comparative study of stack interwinding 

micro-transformers on silicon substrate was carried out by J. 

YUNAS et al. [3]. Results show that stack transformers 

feature high coupling as high as 0.97 but low operating 

frequency, less than some tens of MHz. 

C. D. MEYER et al. [4] present the microfabrication and 

measurement of high-inductance-density, moderate-Q, 

air-core inductors, and transformers intended for switch-mode 

power supplies operating in the 100–500 MHz frequency 

range. 

 
Figure 1. Air transformer structure [4]. 

S. Katz et al [5] propose a front-side maskless MEMS 

process in order to improve performances of RF-CMOS 

transformers and to reduce fabrication cost. The presented 

process is attractive for the use of transformers in 

system-on-chip design. 

Air-core transformers are fabricated with various 

approaches, which are usually compatible with CMOS 

process. Inductance values are low and range between 1nH 

and a few tens of nH. The main problem concerns the low 

inductance/area ratio. To obtain a high inductance value one 

can use either a large footprint area or a magnetic material. 

Ferromagnetic core transformers 

A very first paper describes a new microtransformer 

fabricated by a dry process for use in micro-switching 

converters. This microtransformer is composed of CoZrRe 

amorphous magnetic layers wound with planar coils [6]. 

 
Figure 2. Transformer structure with magnetic material [6]. 

H. ITO [7] report the fabrication of a composite magnetic 

core (Fe-based amorphous/polyimide) inductor. Fe-based 

amorphous/polyimide composite thick film was made by 

screen printing consisted of 50 vol.% Fe–Si–B–Cr amorphous 

particles and polyimide binder. 

N. WANG et al. [8] detail the design, fabrication and 

characterization of integrated transformers with two 

Ni45Fe55 magnetic cores. The upper and lower magnetic core 

are electroplated and patterned. The primary inductance 

reaches 210nH à 20MHz and the footprint area is equal to few 

mm
2
. 

Most transformers with ferromagnetic layers features high 

inductance and small footprint. However, they can not be used 

at very high frequencies due to eddy current in ferromagnetic 

material. Indeed, ferromagnetic materials exhibit a low 

resistivity. In order to operate at high frequency, it is necessary 

to dramatically decrease magnetic material thicknesses. 

3. Ferrite Core Transformers 

A Mn-Zn ferrite was used to fabricate low profile type 

transformers by S. ITOH et al. [9]. Two types were fabricated: 

one is a planar structure and the other a EI-type transformer. 

Inductances reach 100µH up at few hundreds of kHz. 

 
Figure 3. Transformer structure with magnetic material [9]. 

Micro-inductors and micro-transformers with ferrite 

composite magnetic core materials were fabricated and 
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characterized for applications up to 10MHz. [10]. The 

magnetic composite material was composed either of NiZn or 

Mn-Zn particles and polyimide. 

With a similar approach, some authors have fabricated 

integrated power components by using screen-printing and 

low temperature processing technologies [11, 12]. 

A. MERCIER et al have studied and fabricated a cosintered 

monolithic transformers for power electronic by using Spark 

Plasma Sintering (SPS) [13]. The device is composed of two 

spiral copper coils separated by an insulated layer and 

encapsulated in ferrite powder. 

 
Figure 4. Fabricated Monolithic Transformer [13]. 

The low conductivity of this mixed-ferrite allows operation 

in the frequency range of 1 to 20 MHz. 

An integrated interleaved transformer with two ferrite 

layers was studied and micro-fabricated by using 

microelectronics technology [14]. A proper functioning of the 

component was observed in the frequency range of 36MHz to 

120MHz with 1.4 dB of insertion losses at 70MHz. 

Most ferrite transformers are intended to be used in power 

electronics, particularly in DC-DC converters. For 

applications at low frequency less than 1MHz Mn-Zn ferrite 

are used. For higher frequencies, up to 100MHz, Ni-Zn ferrite, 

ferrite compound and specific ferrites such as YIG are used. 

4. Design 

The fabricated transformer is intended to be used in a driver 

for power switches. It has to ensure a galvanic insulation and 

to transfer command signals. Specifications are the following 

ones: 

1. a primary inductance greater than 10µH with a small 

footprint area. 

2. a secondary resistance of a few Ohms. 

3. a low capacitive coupling: inter-windings capacitance of 

a few pF. 

4. a frequency range up to 10MHz. 

Such specifications lead to choose a transformer with 

magnetic core. The chosen magnetic material is the ferrite 

YIG (Yttrium Iron Garnet) because we are used to work with 

this ferrite but other ferrite like NiZn can be used. Among the 

main structures of winding such as stacked [15], 3D [16], 

interleaved [17] and Face to Face [10] the last one has been 

chosen. This Face to Face structure, shown Figure 5, is 

composed of two windings separately fabricated on a ferrite 

substrate. Winding axes are rotated from each other by 45° in 

order to limit capacitive coupling. 

 
Figure 5. Top view of the device [18]. 

��� = (ρ×L)/S                 (1) 

were used for the preliminary sizing: 

The RDC value leads to define the conductor cross-section 

� = ��� ∗ 	                  (2) 

with ��� the conductor thickness and W the copper ribbon 

width. 

The resistances of the primary and secondary windings of 

the transformer vary as function of frequency. These 

variations take into account proximity and skin effects with 

the increasing frequency [19]. 

The modified Wheeler’s formula gives the inductance value 

for an air-core inductor [20]. For inductor with magnetic 

material the inductance is multiplied by a certain factor X, 

which depends on the air gap and the magnetic permeability µr. 

In our case µr ranges between 40 and 50, then X factor ranges 

between 5 and 20. 

In order to obtain a high inductance value, the air-gap 

between primary and secondary windings has to be reduced as 

much as possible. In Face to Face structure air gap is equal to 

��� + ��� + �
��. For large conductor thickness, air-gap 

becomes too important and decreases the inductance value. In 

these conditions, it is necessary to bury conductors into the 

magnetic material. 

Using HFSS, simulations were carried out to define more 

accurately each parameter. HFSS software provides Sij 

scattering parameters. Then, both impedance and admittance 

matrix are calculated and by means of an equivalent circuit 

model, electrical parameters are identified. 

For example, Figure 6 shows magnetizing inductance LF 

and inter-windings capacitance versus insulator thickness. 
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Figure 6. Magnetizing inductance according to the insulator thickness for the transformer with magnetic material in the winding. 

Finally, the following parameters in table 1 were selected. 

Table 1. Transformer parameters µm. 

N Winding turn 15 

W Copper ribbon width 100 µm 

D Distance between turns 60 µm 

D1 Distance between the central pad and the first turn 400 µm 

A Distance between the outside turn and the ground plane 1600 µm 

V Distance between ground plane 800 µm 

Px=Py Length and width of the outside pad 500 µm 

Pcx=Pcy Length and width of the central pad 300 µm 

Py1 Width of the ground plane 200 µm 

LT Device length L=2*(A+D1+(N-1)*D+N*W) 9430 µm 

Eco Conductor thickness 30 µm 

Einsu Dielectric thickness 30 – 95 µm 

EYIG1= Magnetic material thickness 300 – 1000 

 

5. Fabrication 

5.1. Introduction 

The fabricated transformer shown Figure 7 is an integrated 

one with a magnetic core. It consists of magnetic, conductor 

and insulator stacked layers. It is made up of two almost 

identical half-transformers (primary and secondary) which are 

separately fabricated. Each half-transformer includes: - a 

mechanical substrate, which can be eliminate at the end of the 

fabrication process. 

1. a ferrite magnetic layer (YIG). Its thickness can be 

chosen between several tens and hundreds micrometers. 

2. a copper coil. 

3. an air-bridge to connect the central pad to the external 

terminal. 

 
Figure 7. Transformer Face to Face. 
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The main fabrication steps are described hereafter. 

5.2. Magnetic Layer Preparation 

This first step provides a magnetic layer with appropriated 

sizes and a good surface finish, essential for photolithography 

process. 

Commercial ferrite is first glued on a mechanical substrate 

and then cut to obtain required sizes. The next step is to grind 

the ferrite material to get the desired thickness. Finally, a 

polishing is performed to obtain a surface roughness less than 

200nm. 

 
Figure 8. Magnetic layer preparation. 

5.3. Micro-machining 

Windings have to be buried in the ferrite core in order to 

decrease air-gap and increase inductance value. Classically 

conductor ribbon width and depth range respectively between 

400µm-100µm and 50µm-10µm. Mechanical milling is not 

possible for machining so small grooves. A Femtosecond laser 

micro-machining was used to remove material and to perform 

the spiral housing. 

Before machining, laser beam parameters must be 

optimized. Laser beam diameter must be large enough to 

ablate a sufficient volume of material and to decrease 

machining time. A too large laser beam does not produce 

accurate dimensions for grooves. The distance between two 

successive pulses must be adjusted in order to restrict bottom 

groove roughness. 

The lens focal length was chosen equal to 100mm to obtain 

a laser beam spot diameter of 15µm. A distance of 5µm 

between two successive pulses was selected. 

 
Figure 9. Influence of pulse energy on roughness, f=150kHz. 

The machining time also depends on both repetition rate 

and pulse energy of laser beam. A high repetition rate and high 

pulse energy produce short machining time but can deteriorate 

the material quality in groove bottom. Indeed, a too high speed 

increase the ablated material temperature and can melt the 

material. In these conditions the material in the groove bottom 

can be modified and lose its magnetic features. Therefore, a 

15µJ pulse energy and repetition rate of 170kHz were selected. 

Figure 9 shows two grooves obtained with two different pulse 

energies. By using a too strong energy pulse (Figure 9a), one 

can observe a great material roughness in the groove bottom. 

At lower energy the machining quality is better (Figure 9b). 

As an example, Figure 10 shows a micro-machined ferrite 

substrate with 4 coils. Each coil exhibits 6 turns and a ground 

plane around the coil. 

 
Figure 10. Example of micro-machined ferrite substrate. 

5.4. Copper Coil Making 

The making process of the copper coil concerns several 

techniques which allows: 

1. a deposition of a copper layer on the micro-machined 

ferrite; 

2. a mechanical planarization in order to eliminate copper 

outside grooves; 

3. a surface passivation of the copper layer. 

5.4.1. Copper deposition 

Before deposition, substrate is properly clean. Copper 

layer is obtained by sputtering deposition. For the prepared 

devices, the layer thickness is greater than 30µm in order to 

completely fill the grooves. About 2 hours are required to 

achieve this process. Figure 11 shows a micro-machined 

ferrite substrate with a copper layer above. 

 
Figure 11. Insulation layer and access opening. 

5.4.2. Planarization 

A photolithography process and a wet etching method 

using iron perchlorate hydrate is classically used in our 

laboratory. In this case this approach is not suitable due to the 

large thickness of the copper layer. Because chemical etching 

is isotropic an important part of copper could be removed in 

each direction. An alternative approach was used. A 

mechanical polishing/planarization using polishing paste and 

polishing spray with 3µm diamond grain was performed. 

Figure 12 shows the planarization result. 
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Figure 12. Device after planarization. 

With atmospheric oxygen, copper reacts and forms a layer 

of oxide. In order to prevent oxidation, copper layer must be 

passivated. A thin gold layer was deposited on the copper. 

5.5. Interconnection 

Various solutions, such as wire bonding, flip-chip, 

air-bridge, can be used for connection to connect the inner 

pad in the center of the spiral coil to the external pad. In the 

case of Face to Face structure, the best solution is an 

air-bridge. This airbridge has to connect the inner pad in the 

center of the spiral coil to the external pad without any 

contact with the spiral coil. In order to simplify measurement, 

the external pad is the ground plane. The main steps are 

described below. 

5.5.1. Insulation Layer and Access Holes 

A SU-8 insulating photoresist layer is spin-coated and then 

patterned using a mask in order to provide access holes to 

copper areas. The SU8 layer thickness is slightly less than 

10µm. Figure 13 shows these areas: ground plane and the 

central pad. 

 
Figure 13. Insulation layer and access opening. 

The insulator photoresist layer must be densified before 

the next copper deposition. A 30mn post-bake at 150°C is 

performed. 

5.5.2. Filling Access Holes 

The access holes have to be filled before the last step 

related to air-bridge making. Thus, a copper layer is 

deposited by sputtering in order to fill access holes. About 

40mn are required to achieve this copper deposition. Figure 

14 illustrates this step, copper is deposited in access holes as 

well as on the SU8 photoresist. 

 
Figure 14. Filling access hole. 

The copper layer deposited on the SU8 photoresist must be 

removed. A photolithography process and a wet etching 

method was used to removed less than 10µm of copper. The 

positive photoresist SPR 505 and an iron perchlorate solution 

were used. Figure 15 shows a sectional view at the end of 

this step. 

 
Figure 15. Photolithography process and wet etching. 

5.5.3. Air-Bridge Making 

Classical processes were performed for this last step. First 

of all, a copper layer was deposited by sputtering. The copper 

layer thickness is about 5µm. Afterwards, the 

photolithography process was performed using SPR 505 

photoresist, followed by a wet etching. 

 
Figure 16. Making process of the air-bridge. 

Figure 16b shows the sectional view of the final device, 

which corresponds to a half part, primary or secondary, of the 

Face to Face transformer. To avoid oxidation, both ground 

plane and air-bridge are passivated by using a gold 

electrodeposition process. Figure 17 shows the final two half 

part devices. 

 
Figure 17. Making process of the air-bridge. 

5.6 Transformer Assembly 

The two parts, i.e. primary and secondary windings, were 
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glued together. An electrically conductive ink was used to 

assemble the two parts of the transformer. The electrical 

conductive ink contains silver particles and exhibits an 

excellent electrical conductivity. Due to the low thickness of 

the deposited silver glue and its high conductivity, the contact 

resistance is negligible compared to coil one. Figure 18 

shows the fabricated transformer. 

 
Figure 18. Transformer Face to Face. 

5.7. Electrical Characterization 

To verify the proper operation of the transformer, its 

frequency response was determined [20]. A sinusoidal signal 

was applied to the primary winding and the secondary voltage 

was measured. First of all, we made sure that the secondary 

wave remains sinusoidal. Then, a measure of magnitude and 

phase of the output as a function of frequency, in comparison 

to the input was performed, as shown Figure 19. 

 
Figure 19. Principle of the electrical measurement. 

Figure 20 shows the frequency response of the transformer 

in open circuit conditions. Gain versus frequency is only 

plotted. 

 
Figure 20. Transformer frequency response. 

One can observe a 3dB bandwidth which ranges between 

20kHz and 7MHz. The gain in the bandwidth is equal to 0,86. 

A resonance due to stray capacitance occurs at 15MHz. 

6. Conclusion 

The main steps of the micro-fabrication of a transformer 

with magnetic layers and buried windings has been presented. 

To bury windings in the ferrite core a Femtosecond Laser 

Micromachining has been used. Such a burying of windings 

avoids air gap and greatly increase primary and secondary 

inductances. Measurements have been carried out to show the 

electrical performance of the fabricated device. 

This work could also be extended to the study of power 

transformers (in the Watt range) and to the realization of 

isolated DC-DC micro-converters. For these "high" powers, 

the thermal aspects cannot be neglected and must be deeply 

studied. 
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