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cHAPTER 1 Introduction to
Analog Design

1.1 m Why Analog?

We are surrounded by “digital” devices: digital cameras, digital TVs, digital communications (cell phones
and WiFi), the Internet, etc. Why, then, are we still interested in analog circuits? Isn’t analog design old
and out of fashion? Will there even be jobs for analog designers ten years from now?

Interestingly, these questions have been raised about every five years over the past 50 years, but mostly
by those who either did not understand analog design or did not want to deal with its challenges. In this
section, we learn that analog design is still essential, relevant, and challenging and will remain so for
decades to come.

1.1.1 Sensing and Processing Signals

Many electronic systems perform two principal functions: they sense (receive) a signal and subsequently
process and extract information from it. Your cell phone receives a radio-frequency (RF) signal and, after
processing it, provides voice or data information. Similarly, your digital camera senses the light intensity
emitted from various parts of an object and processes the result to extract an image.

We know intuitively that the complex task of processing is preferably carried out in the digital domain.
In fact, we may wonder whether we can directly digitize the signal and avoid any operations in the analog
domain. Figure 1.1 shows an example where the RF signal received by the antenna is digitized by an
analog-to-digital converter (ADC) and processed entirely in the digital domain. Would this scenario send
analog and RF designers to the unemployment office?

Antenna

—-0=00
QD -

Analog-to-Digital :> Digital Signal

'I ! ; Converter Processor

RF Signal
Figure 1.1 Hypothetical RF receiver with direct signal digitization.
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The answer is an emphatic no. An ADC that could digitize the minuscule RF signal' would consume
much more power than today’s cell phone receivers. Furthermore, even if this approach were seriously
considered, only analog designers would be able to develop the ADC. The key point offered by this
example is that the sensing interface still demands high-performance analog design.

Action
Potential

(@)
Amplifier

RF
Transmitter

Processor

Amplifier

ADC |-»

(c)
Figure 1.2 (a) Voltage waveform generated as a result of neural activity, (b) use of probes to measure action
potentials, and (¢) processing and transmission of signals.

Another interesting example of sensing challenges arises in the study of the brain signals. Each time a
neuron in your brain “fires,” it generates an electric pulse with a height of a few millivolts and a duration
of a few hundred microseconds [Fig. 1.2(a)]. To monitor brain activities, a neural recording system may
employ tens of “probes” (electrodes) [Fig. 1.2(b)], each sensing a series of pulses. The signal produced
by each probe must now be amplified, digitized, and transmitted wirelessly so that the patient is free
to move around [Fig. 1.2(c)]. The sensing, processing, and transmission electronics in this environment
must consume a low amount of power for two reasons: (1) to permit the use of a small battery for days or
weeks, and (2) to minimize the rise in the chip’s temperature, which could otherwise damage the patient’s
tissue. Among the functions shown in Fig. 1.2(c), the amplifiers, the ADCs, and the RF transmitter—all
analog circuits—consume most of the power.

1.1.2 When Digital Signals Become Analog

The use of analog circuits is not limited to analog signals. If a digital signal is so small and/or so distorted
that a digital gate cannot interpret it correctly, then the analog designer must step in. For example, consider
a long USB cable carrying data rate of hundreds of megabits per second between two laptops. As shown
in Fig. 1.3, Laptop 1 delivers the data to the cable in the form of a sequence of ONEs and ZERO.

! And withstand large unwanted signals.



