Hypertension System

The Hypertension system consists of  a blood pressure sensor just under the skin on the wrist, and includes the associated electronics in the shape and approximate size of a wrist watch that monitors the blood pressure. The concept is shown in figure 1 where an implanted sensor monitors the blood pressure and an external electronic unit interrogates the resonant frequency of the implanted sensor. The resonant frequency corresponds to blood pressure.
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Figure 1.  Hypertension implant concept.

The electronics is simply a miniature version of a one port network analyzer. The major difference is that the wrist watch network analyzer is dedicated to blood pressure measurements by sitting on top of, and constantly reading, an implanted LC sensor inside the wrist. The C (capacitor) is the pressure sensitive element in the implanted LC sensor.  In figure 2, a transmit coil of the external electronic unit is energized by its own frequency source. The frequency source is varied, and when the frequency corresponds to the resonant frequency of the LC sensor, energy bounces back from the transmit coil to the bounce back circuit.
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Figure 2.  Basic block diagram.

The best most appropriate frequency source would be a direct digital synthesis (DDS). Although expensive and large, the DDS can be programmed to an exact frequency by a microcontroller via the digital control lines in figure 3.
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Figure 3.  Exact frequency synthesis using a direct digital synthesis integrated circuit.

Using a VCO with Pseudoexact Frequency Control
One unusual feature pertains to the frequency generation and calibration. The frequency generation element is not a direct digital synthesizer (DDS), but a voltage controlled oscillator (VCO) in figure 4. The frequency of the VCO is controlled by an analog voltage, but you only get a rough idea of the VCO output frequency, even if you know the exact value of the analog input voltage. The innovation in this system is that the VCO output frequency is routed back into the input capture port on a microcontroller, so that microcontroller can measure the exact VCO output frequency. In our application, the analog input voltage to the VCO is swept over its entire range during initial calibration, and the output frequency is measured at discrete steps as the analog input voltage is stepped through its range. A lookup table of 16 points is created in the microcontroller memory that correlates 16 analog input voltage to 16 frequencies. At voltage levels between the values in the lookup table, the VCO output frequency can still be determined by interpolation of values in the lookup table. Since the frequency sweep range is 200-400MHz for an analog input range of 0 to 9 volts, the use of a VCO with this type of calibration is a considerable savings in power, cost, and size compared to using a DDS.
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Figure 4.  Approximate frequency synthesis using a voltage controlled oscillator (VCO).

The complete block diagram is shown in the last figure. 
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