This is a first-order high-pass filter design problem.

The Bode magnitude plot is given as the design specification.

We want to design the filter based on the template circuit given in figure 2.

Firstly, let’s try to find the transfer function from the Bode magnitude plot.

Let’s get the straight line approximation of the Bode plot.

For the low frequency range, it is approximately a straight line.

When the frequency changes by one decade, the magnitude increases by 20 dB, so the slope is 20 dB/dec.

When the frequency is 1 rad/s, the magnitude is 0 dB.

We can therefore say there must be a 0 located at the origin in the transfer function.

At 1000 rad/s, the curve goes downward by 20 dB/dec.

Another factor in the transfer function should be a pole located at 1000 rad/s.

Let’s simplify the transfer function.

The numerator and denominator are multiplied by 1000.

That’s the transfer function we get from the Bode magnitude plot.

We need to find the cutoff frequency of this first-order filter.

Given the transfer function, we can easily find out if it’s a high-pass filter.

For a first-order high-pass filter, the constant in the denominator is the cutoff frequency.

That is 1000 rad/s.

For the template circuit, let’s try to get the transfer function in the s domain.

We use upper case V to indicate the voltage variable in the s domain.

For the resistors, the impedance is just the resistance.

For this ideal op-amp circuit, Ri and the capacitor can be combined into a single impedance, Zin.

Rf will be called Zf.

This is a typical inverting amplifier.

The transfer function Vout / Vin should be –Zf / Zin.

The feedback impedance we got is Rf / Ri + 1/sC.

The numerator and denominator are multiplied by s.

[equation]

Let’s try to simplify the transfer function and make the first outer coefficient in the denominator 1.

[equation]

In frequency domain, s is equivalent to j ω.

Now we’ve got the transfer function in the frequency domain.

That’s the transfer function for the template circuit.

Let’s try to match it with the transfer function we got from the Bode magnitude diagram.

Rf / Ri should be 1000.

The cutoff frequency in the template circuit is 1 / RiC, which is also 1000.

Let’s pick out the capacitance first.

We can make it 1 µF.

Ri should be 1 / 1000 C.

This comes out to be 1 kΩ.

Rf / Ri is 1000, so Rf should be 1000 times Ri.

That is 1000 Ω times 1000 Ω, so we get 1 MΩ.

We got the values for each component in the circuit.
