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Abstract

This paper describes a kind of silicon-based plane spiral inductance coil, whose layout size and
fabrication technology process are given. The production of inductance coil adopts the method of an
internal down-lead produced by ohm contact electrode which is formed by heavily boron- diffused and the
Al evaporated on the surface of N-type high resistivity silicon wafer. Processing the silicon cup on The
back of the silicon wafer using MEMS technology, on the basis of thickness reduction of the inductance
coil substrate, the porous array substrate of about 5um thickness is obtained by laser drilling on the
underside of the silicon cup, which reduces the vortex of substrate, and greatly improves the Q value of
inductance coil. Analyze the effects of series resistance of the coil and metal layer thickness on the Q
value in the condition of low frequency and high frequency, and Ansys software is used to simulate the
inductance coil current density and magnetic induction intensity, to determine the optimum substrate
thickness of inductance coil. The silicon-based plane spiralind inductance coil has the advantages of
simple manufacturing process and is compatible with IC technology, compared with other manufacturing
method, so it has a wide application prospect.
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1. Introduction

Silicon-based planar spiral inductance coil, as a kind of important passive components,
has been widely applied to electronic technology [1]. Compared with other materials, the
metallic inductance coil manufactured on silicon substrate requires difficult process[2-5], but that
is compatible with the integrated circuit technology, so silicon-based planar spiral inductance
coil is still the first choice for RFIC [6-8].

At present, some inductance coil production process is complex and high cost, which is
not in conformity with the large scale integrated circuit development requirements of the high
integration and low cost [9-11]. How to simplify the electromagnetic excitation of the resonant
sensor production process, reduce the cost and keep high quality has become the key to the
development of the technology.

In this paper, by using the planar spiral inductor model and analyzing the effects of
series resistance of the coil and metal layer thickness on the Q value in the condition of low
frequency and high frequency, a new method of manufacturing inductance coil is presented,
which is an internal down-lead produced by ohm contact electrode formed by heavily boron-
diffused and the Al evaporated on the back of silicon cup using MEMS technology, and the
porous array substrate is obtained by laser drilling on the underside of the silicon cup to reduce
the inductance coil loss. The study shows that the porous array substrate of about 5um
thickness is obtained by laser drilling on the underside of the silicon cup, which reduces the
vortex of substrate, and greatly improves the Q value of inductance coil.
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Figure 1. The model of silicon-based planar spiral inductance coil.
(a) Simple photo of inductance coil (b) Equivalent circuit of inductance coil

In Figure 1-(a), the inductance coil is manufactured on <100> orientation of
monocrystalline silicon chip, which is N-type with high resistance and double-sided polishing.
On the surface of silicon chip, we manufacture an inductance coil adopting the method of an
internal down-lead produced by ohm contact electrode which is formed by heavily boron-
diffused and the Al evaporated. When an alternating current is applied to the inductance coil, an
alternating magnetic field will be generated.

Figure 1-(b) shows the equivalent circuit of plane spiral inductance coil, in which self-
inductance value is L, resistance value is R;, and C; is capacitance between inductance coil
wire, C,y is capacitance between inductance coil and substrate, C; and R are leakage
capacitance and leakage resistance respectively, Q value expression is:
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Where R, and C, are given in equation (2) and (3):
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Resonant frequency of the inductance coil is given by

(o111 (RY (4)
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It can be seen from the analytical expressions is that the major factors causing the
decrease of Q values are ohmic loss of coil, energy loss in the silicon substrate and loss
resulted from the peak electric field power caused by parasitic capacitance increase with the
frequency.
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2.The Simulation and Calculation Methods

We use ANSYS software to make the simulation of the electromagnetic field generated
by the inductance coil. Figure 2 and Figure 3 display the current density vector and magnetic
induction intensity vector of static analysis when DC current is 10 mA. According to the
magnetic field superposition principle, the total magnetic induction intensity is the magnetic
induction intensity of x, y, z three directions overlay, the maximum magnetic induction intensity
distribution in the inner coil. When alternating current of dynamic analysis is 10+10i mA,
frequency of 100Hz, the alternating magnetic induction intensity simulated images of inductance
coil in the air is shown in Figure 4. Figure 5 is the stress distribution of inductance coil substrate.
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Figure 2. The picture of current density vector Figure 3. The picture of magnetic induction
intensity vector

Figure 4. The picture of magnetic induction Figure 5. The stress distribution of inductance
intensity coil substrate

The inductance theoretical value is calculated by the Greenhouse method. The basic
idea is to divide the rectangular coil into a series of wire segments, calculate self-inductance of
each wire respectively and the mutual inductance between the two wires, and finally sum up all
the self-inductance and mutual inductance of the wire section. Because of a large amount of
computation, we wrote MATLAB program based on the size of the inductance coil to calculate
the theoretical value of inductance coil according to its size by using the Greenhouse formula
and get the inductance coil measured value.
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3. Design and Manufacture of Inductance Coil

We adopt MEMS surface processing technology to design the inductance coil in this
paper. The number of turns of the coil is 34, width of the coil conductor is 10 uym, and the coil
conductor spacing is 10 ym. The fabrication technology process of the inductance coil is
illustrated in Figure 6. Figure 7 is inductance coil sample photo.
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Figure 6. The fabrication technology process of inductance coil
(a) Silicon wafer cleaning; (b) Surface oxidation; (c) Boron diffusion; (d) Lithography

conductor hole; (e) Vapor aluminized film; (f) Etching aluminized film to form inductance coil

Figure 7. The photo of inductance coil sample

4. Experimental Results and Discussion

We get the inductance coil measured values and Q values in test condition of different
frequencies by using precision LCR meter (TH2819A). The results of comparison between
inductance coil theoretical value and the measured values are shown in Table 1. As can be
seen from the Table, the measured value reached more than 22 yH, but the error is relatively
large compared with the theoretical value. It is mainly due to ignorance of the internal down-
lead, structure size of contact electrode, process conditions and precision of measuring
instrument in the theoretical calculation.
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Table 1. The comparison between the inductance theoretical value and the measured values of

the coil
Frequency (KHz) 1 10 100 150 200
Measured Value(uH) 25.6646  25.0882 23.4840 23.1228 22.8745
Theoretical Value(uH) 47.26
Error 45.70% 46.92% 50.31% 51.08% 51.60%

Figure 8 reflects Q values of the inductance coil change with frequencies. As is shown
in the figure, Q values in less than 90 KHz range increase with the increase of frequency, but at
more than 90 KHz, Q values decrease with the increase of frequency. This indicates that, in the
high frequency, the energy loss in the silicon substrate increases with the frequency increased,
resulting in the decrease of Q values.
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Figure 8. The Q value curve of different frequencies

5. Conclusion

The inductance coil designed in this paper acts as the driving element of
electromagnetic excitation resonant sensor, and the magnitude of magnetic field generated by
coil is the decisive factor of drive capability. We adopted N-type high resistivity silicon
wafer whose resistivity is 100Q-cm to produce an inductance coil of 34 turns, and obtain a
larger inductance value. By the magnetic inductance energy formula W=L/?/2, large inductance
values can generate high magnetic field, causing the silicon membrane vibration.

At the same time, to reduce the thickness of porous array silicon membrane at the
bottom of inductance coil to 5um, which can make the eddy current of substrate greatly reduce,
playing an important role in inhibition of eddy current effect under high frequency. Through
experimental demonstration, the inductance coil we design and manufacture in this paper is
able to meet requirements of silicon micro pump, and has broad application prospects in
microelectronics and micro system.
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