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1. Reference Circuits

Below are some common circuit topologies and their corresponding input-output relationships. Note: it is
possible to reference the amplifying circuits to a nonzero constant voltage Vggr in order to add an offset to
the gain.
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2. Review: Design Procedure

Now that we’ve analyzed many circuits, we are ready to focus on designing interesting circuits to perform
specific tasks. Circuit design is generally more challenging than circuit analysis. Usually, we are given
a prompt about what type of circuit is desired and some specifications, and then we must decide what
components to use and how to connect them. Circuit design problems are very similar to proof problems,
which we looked at earlier in this course: Both cases are open ended, and we frequently have to integrate
many ideas and explore several different possibilities to reach a solution.

When faced with a design problem, a good place to start is to follow the design procedure outlined here:

Step 1 (Specification): Concretely restate the goals for the design.
Frequently, a design prompt will include a lot of text, so we’d like to restate all of the most important
features of our design. We’ll refer to these specifications later to determine if our design is complete.

Step 2 (Strategy): Describe your strategy (often in the form of a block diagram) to achieve your goal.
To do this, start by thinking about what you can measure vs. what you want to know. For example in
our capacitive touchscreen, we want to know if there is a touch and we can measure voltage. Since we
know that a touch can change the capacitance, we break this down into the following block diagram:
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touch/no touch | Convert touch to Convert capaci- voltage
capacitance tance to voltage

Step 3 (Implementation): Implement the components described in your strategy.
This is where pattern matching is useful: remind yourself of blocks you know, (ex. voltage divider,
inverting amplifier) and check if any of these can be used to implement steps of your strategy. If you
don’t know of a block that does what you want, think about how to modify or extend the blocks you
know.

Step 4 (Verification): Check that your design from Step 3 does what you specified in Step 1.
It’s tempting to think that you’re done after implementation, but verification is critical! In particular,
check block-to-block connections, as these are the most common point for problems. Does one block
load another block causing it to behave differently than expected? Are there any contradictions (ex. a
voltage source with both ends connected by a wire, or a current source directed into an open circuit)?
Repeat previous steps if necessary to make sure that your final circuit meets the specifications.

. Noise Cancelling Headphones

The basic goal of a pair of noise cancelling headphones is for the user to hear only the desired audio signal
and not any other sounds from external sources. In order to achieve this goal, noise cancelling headphones
include at least one microphone that listens to what you might have otherwise heard from external sources,
and then feeds a signal in to your speakers that cancels (subtracts out) that externally-generated sound.

You may find the following voltage summer circuit useful:
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(a) Let’s start by looking at the most basic part of the headphones: driving the speaker itself with the audio
stream we would like to hear. In our system, the source of the audio comes from a digital-to-analog
converter (DAC) that translates digital bits to analog voltages (you will learn more about DACs in
EECS16B!). It can be modeled as a voltage source with min/max values of 0V and 1V and a 50Q
source resistance. The speaker can be modeled as an 8§ Q resistor, but in order to produce loud enough
sounds and not damage the speaker (driving the speaker with non-zero average voltage can damage
the transducer within the speaker), it needs to be driven with a range of —1.5V to 1.5V (relative to the
ground connected to the DAC, which is the same ground used throughout the system).

1
= 1.5V
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You are provided two voltage sources with values —1.5V and 1.5V, an op-amp, and any resistors you
would like. Design a circuit that could drive the speaker while meeting the specifications above. Hint:
shifting a signal is the same as adding a fixed value to it.

Suggested procedure:

i. Specification: restate the goals for this circuit.

ii. Strategy: Draw a block a diagram to achieve your goals. Think about what you can measure and
what circuits you have seen, e.g. adders and multipliers. Try to break down the goals into multiple
steps.

iii. Implementation: Build each of the blocks you described above. Use the reference circuits and
pattern match.

iv. Verification: Put your circuit together and make sure it works. Especially look at when you put
blocks together, and watch out for loading effects.

(b) Now, let’s look at implementing the noise cancellation. In this problem, we will assume that we do not
have access to software and therefore cannot digitally remove the noise (as do most noise cancelling
headphones). We will therefore focus on implementing the cancellation physically, which is to directly
take the (analog) voltage produced by the microphone and subtract it out from the voltage we feed to

the speaker.
T your ‘ )))
v circuit

Let’s assume that the microphone can be modeled as a voltage source with min/max values of 0V and
1V (relative to the DAC’s ground) and a 10kQ source resistance. However, because the materials in
the headphones attenuate some of the external sound, the loudest signals picked up by the microphone
should correspond to a voltage range of only —125mV to +125mV driven onto the speaker.

Design a circuit that takes in the signal from the microphone and outputs the appropriate signal driven
to the speaker. We will assume the following circuit will sum this signal and the one from the previous
part to accomplish noise cancellation, so we want this circuit to be invert. You can use op-amps and
resistors to do this, but no new voltage sources (you still have the 1.5 and -1.5V sources from the
previous part).
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(c) (Optional)
We now have a circuit that takes in the DAC voltage and produces the correct voltage for the speaker,
and a second circuit that takes in the microphone voltage and produces the correct voltage for the
speaker. Now we simply have to add these together.

Design a circuit that combines these two circuits by adding their outputs to drive a speaker. We don’t
need any gain from this circuit, but since we are driving the 8 Q speaker, we may want to have some
isolation between the speaker and these first two circuits.

You may use op-amps and resistors to complete this circuit. Note that since our speaker driver now
needs to handle both the cancellation and the desired audio signal, you can assume that the supply
voltages fed to the op-amp have sufficiently large magnitude to ensure that they never clip (reach the
power rails). In other words, you should continue to assume that you have +1.5V voltage sources
available to use in the rest of your circuit, but the op-amps are now supplied by a separate set of larger,
sufficient voltage sources.
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