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Reacp:Current flow in a Capacitor

𝑖 = 𝐶
𝑑𝑣
𝑑𝑡

Current flow through a capacitor is proportional to the rate 
of change in potential difference of the plates

𝑣 𝑡 =
1
𝐶(!!

!
𝑖 𝑑𝑡 + 𝑣(𝑡")

Also, from the definition of current

𝑖 =
𝑑𝑞
𝑑𝑡

𝑞 𝑡 = (
!!

!
𝑖 𝑑𝑡 + 𝑞(𝑡")

Time Varying Voltage

Time Varying Charge
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Recap: Current in an Inductor
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Note: Capacitors in series have the same incremental 
charge.
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𝑣 𝑡 = 𝐿
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𝑑𝑡

𝑖 𝑡 =
1
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Remember the capacitors
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Outline
• Outline
–Mutual Inductance
– DAC and ADC
– R-C circuits
– R-L circuits
– Steady State

• Reading: Section 3.6, 4.1-4.4, Slides
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Mutual Inductance
• Mutual inductance occurs when two windings are arranged so that they have a 

mutual flux linkage
• The change in current in one winding causes a voltage drop to be induced in the 

other

Transformers (adapters), motors, generators (electric cars)
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The Dot Convention
• If a current enters the dotted terminal of a coil, the reference polarity of the voltage 

induced in the other coil is positive at its dotted terminal.
• If a current leaves the dotted terminal of a coil, the reference polarity of the voltage 

induced in the other coil is negative at its dotted terminal.
• Total voltage induced in a coil is a summation of its own induced voltage and the 

mutually induced voltage
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Summary
Capacitors:
𝑖 = 𝐶

𝑑𝑣
𝑑𝑡

𝑤 =
1
2𝐶𝑣

#

• 𝑣 cannot charge instantaneously

• 𝑖 can charge instantaneously (do not 
short circuit a charged capacitor)

• N capacitors in series
1
𝐶$%

=0
&'(

)
1
𝐶&

• N capacitors in parallel 𝐶$% =0
&'(

)

𝐶&

Inductors:
𝑣 = 𝐿

𝑑𝑖
𝑑𝑡

𝑤 =
1
2𝐿𝑖

#

• 𝑖 cannot charge instantaneously

• 𝑣 can charge instantaneously (do not 
open an inductor with current)

• N inductors in series

1
𝐿$%

=0
&'(

)
1
𝐿&

• N inductors in parallel

𝐿$% =0
&'(

)

𝐿&
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Simple Circuits 



EECS 16B Spring 2022 Lecture 2, Slide 9 Instructor: Prof. Salahuddin

R-2R Ladder Digital-to-Analog Converter

EECS16B Designing Information Devices and Systems II
Spring 2022 UC Berkeley Lab Note 2
Introduction

Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.

1 Lab Note 2 — DAC/ADC
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Remember Superposition and Equivalence?
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Use superposition: Start with V0
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We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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chips that process information from the real world, like temperature, must be stored digitally, while the information
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0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.

2R

B

�+V1

2R

�+

LSB

V0

2R

�+

MSB

V2

A

2R

R R
VOUT
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We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Digital-to-Analog Converters (DACs) and Analog-to-Digital Converters (ADCs) are some of the most commonly
used circuits today. They can be found in a wide variety of electronics, such as microcontrollers like the MSP430
Launchpads and the Arduinos we use in class, computers, phones, thermostats, etc. This is because our computers and
chips that process information from the real world, like temperature, must be stored digitally, while the information
that we gather is itself an analog value. In the context of circuits, a digital value is one that is represented with 1s or
0s (a binary number), while an analog value can be anything in between (e.g. 0.5, 0.55555, etc).

Taking the example of a thermostat, in order to allow the CPU chip, which can only process binary numbers
(sequences of 1s and 0s), that controls it to process the measured temperature, which is an analog value (like 20.2 °C
or 75.9 °F), we need to have an ADC to convert that analog temperature into the digital value the chip is expecting. In
order to have a phone call, an ADC must convert your voice (an analog voltage generated by the microphone) into a
digital signal to be transmitted, and a DAC must take that digital signal and convert it back into an analog voltage for
the speaker on the receiving end to play your voice. As you can see, DACs and ADCs play a very important role in
the electronics we use everyday, and in this lab, we will be exploring how to build our own simple DAC and ADC.

Lab
Part 1: Digital-to-Analog Converters (DACs)

We will first build a 3-bit DAC to convert a binary input into an analog voltage, and then we will extend it to 4 bits
using the knowledge you gained from building the 3-bit DAC. The binary input will come from the Arduino’s digital
I/O pins while the analog voltage will be probed with your Arduino and displayed on the serial monitor.
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Figure 1: 3-bit DAC built from R-2R ladder

We can build a DAC using only resistors in a structure called the R-2R ladder (shown in Figure 1). This structure
takes an n-bit binary input and converts it to an output voltage. The bits here are represented by the voltage sources V0
through V2, and can only take on the values of 0V and some reference voltage, Vre f . You might have seen this structure
in EECS16A, and you should have analyzed it on a homework this semester (Homework 1, Problem 3), where you
solved the R-2R ladder using KCL, nodal analysis, etc, so we will not show the full derivation of the circuit here.
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Analog to Digital Conversion
Say we want to convert an analog signal to a 2 bit digital signal à 4 levels
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Lab 2: SAR (Successive Approximation 
Resistor) ADC

EECS16B Designing Information Devices and Systems II
Spring 2022 UC Berkeley Lab Note 2

As another example, let’s say that we are 5.8 hours behind in lecture (which we will represent as 5.8V), and we
would like to convert that number into its digital representation so that we can store it easily. We have access to a 3-bit
SAR ADC with a reference voltage Vre f of 8V. Figure 6 shows the output of the DAC in the ADC as the algorithm
progresses and tries to find the closest match to the 5.8V input we feed it.

Figure 6: DAC output as SAR ADC algorithm progresses for an input of 5.8V

In the first step, you can see the MSB turns on and produces a DAC voltage of 4V, which is half of Vre f , as expected.
The comparator tells us that this voltage is still less than the input voltage of 5.8V, so we leave this bit on. In the next
step, we turn on the middle bit, which produces a step of 2V (Vre f /4). But now, the combined step of the MSB and
middle step produces 6V, which is greater than our 5.8V input. The algorithm detects that we’ve overstepped and turns
the middle bit off before proceeding onto the final bit, the LSB. In the final step, the LSB turns on, producing a step
of 1V (Vre f /8), and the combined step of the MSB and LSB produces a 5V DAC output. The comparator once again
tells us that this is less than the input voltage, but we’re out of bits we can work with, so the algorithm terminates. The
closest 3-bit digital representation we can get for this 5.8V is 101, which corresponds to an analog voltage of 5V. If
we had more bits, we would be able to more closely approximate the true input voltage and get a better representation.

Below is a figure of how we will implement this ADC in the lab using our Arduino. Our ADC will have 4 bits of
resolution, as shown in the image below. The Arduino handles the SAR logic (executed in code) and the 4 pins each
represent one bit, each taking on a voltage of either 0V or Vre f (which is 5V for the Arduino).
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Transience
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R-C circuits: Response in time
Say a capacitor C had a stored charge of Q so that it held a voltage of Vi across it. At t=0 a switch connects it 
to a resistor completing the circuit.



EECS 16B Spring 2022 Lecture 2, Slide 21 Instructor: Prof. Salahuddin

R-C circuits: Response in time
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R-C circuits: Response in time
We now ask a slightly different question. What happens if a capacitor that had initially no charge is
connected to a constant voltage at t=0 


