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Fig. 1. Photomicrograph of the fabricated chip.

Fig. 2. Simplified model of the inductively coupled system.

Transmission has been tested with two types of data encoding.
Bit error rates (BERs) below at transmission speeds up
to 10 kilobits per second (kbps) are measured and reported. We
have also looked at the nonair coupling situation, in which there
is a medium other than air between the coils.

II. INDUCTIVE COUPLING THEORY

Inductive coupling uses two inductor coils placed relatively
close to one another. A primary coil is driven with a RF ampli-
fier to create an electromagnetic field. The second coil, on the
implanted device, captures a portion of this field. This induces
a current through this secondary coil. The proportion of energy
captured by the secondary coil can be represented by the cou-
pling factor, . This value (dimensionless and always between
0 and 1) is an important factor in the operation of any induc-
tively coupled system. Typical values for in inductively pow-
ered system are between 0.01 and 0.1.

The basic principles behind transferring power and data
through an inductive link are the same as those used in trans-
former circuits. The major difference here is that in this case
the two coils are fairly weakly coupled. The coupling factor
between the two coils can be determined for the air coupling
case empirically [17]

(1)

Equation (1) is based on the radii of the two coils and the dis-
tance , between them. This equation assumes the two coils are
parallel and center aligned, with only air between the two coils.
While not as accurate as finite element modeling, this still pro-
vides a decent idea of the system coupling coefficient. This value

Fig. 3. Common model of a weakly coupled transformer.
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can then be used in a simplified model of the complete induc-
tively coupled system shown in Fig. 2. The left side of this model
represents the outside components of the system, while the right
side includes a basic model of the implanted system. Here,
represents the parasitic resistance in the coil, is the tuning
capacitance used to raise the coil voltage, and is the load on
the system. The weakly coupled transformer is used here to rep-
resent the two discrete coils, and . The primary coil, ,
is driven by an RF amplifier supplying current at frequency

. In the real system, is time varying and complex. In this
model it is represented as a real resistor. To proceed further, this
weakly coupled transformer can be replaced by a common ap-
proximation (Fig. 3). In this model, the new ratio is given by

(2)

According to the basic equations governing ideal transformer
behavior, the current out of the transformer shown in Fig. 3 is

(3)

With a low coupling coefficient , the impedance seen by cur-
rent is approximately equal to that of an inductor with value

(the impedance of this inductor is much lower than that
of the other inductor in the circuit, nearly all of the current will
flow through this inductor). Using the impedance equation of
the inductor at a known frequency, the voltage induced by this
current is

(4)

where is the voltage across the component of the trans-
former induced by the current . We can now replace the weakly
coupled transformer in Fig. 2 with a voltage source, , in se-
ries with an inductor. With a small value, we can approximate
the value of this inductor by . In this simplified case, a basic
equation for the voltage across the load, , is given by

(5)

Equation (5) makes use of the impedances of the various com-
ponents at a known frequency of operation. Substituting in the
equation for the transformer voltage (4) and solving for the real




