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Announcements

• Last time:

• Inductance, inductors, transformers

• Solving diff. EQ for arbitrary inputs


• Today:

• Lab 2

• Transistors
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ADCs and DACs

EE120/EE123
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R-2R DAC

1 0 0 1 → 9 /16

20212223

Vmax ⋅
9
16
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R-2R DAC

Solve Via Super Position!
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R-2R DAC
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R-2R DAC
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R-2R DAC

Vout =
VbN

2
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R-2R DAC

𝑉𝑜𝑢𝑡 =
𝑉𝑏0

2𝑁
+

𝑉𝑏1

2𝑁−1
+ … +

𝑉𝑏𝑁

2
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R-2R DAC

1 0 0 1 → 9 /16

20212223

Vref ⋅
9
16
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Lab 2: SAR ADC

• Successive Approximation Resistor

• Use DAC to guess bit by bit

• Iterate (log(N)) times



Devices as part of a system



Transistor

First integrated circuit 1958



Computational advances due to fabrication advances
Moore's law is the observation that the number of transistors in a dense integrated circuit doubles 
approximately every two years.

PacMan

Digital Camera

Laptop computer

Smart Phones

Cell phones

HDTV

3DTV

https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Integrated_circuit


FinFET



Source: Mark Bohr, IDF14

Sense of Scale
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MOS Transistor

• MOS: metal-oxide-semiconductor

• MOSFET: MOS field effect Transistor

• Two kinds:

• NMOS - current carried by electrons

• PMOS - current carried by “holes” (lack of e)
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Simplest Circuit Model of NMOS

Or:

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS
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Simplest Circuit Model of NMOS

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

Vin

VDD

G

D

S

VDD

VGS < Vtn

Vin
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Simplest Circuit Model of NMOS

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

G

D

S

Vin

VDD

VDD
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D

S

VGS ≥ Vtn

VDD

VGS < Vtn

Vin Vin



EECS16B Tennant & Lustig,  EECS UC Berkeley

Simple NMOS Inverter

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

VDD

Vin

Vout

EECS 16B Fall 2023 Lecture 3, Slide 8 Instructors: Prof. Wu/Parekh/Tennant

Logic Inverter

Low

High

High

Low
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Simple NMOS Inverter

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

G

D

S

VDD

VDD

G

D

S

VGS ≥ Vtn

VDD

VGS < Vtn

Vin

0 VDD

VDDVout
0

EECS 16B Fall 2023 Lecture 3, Slide 8 Instructors: Prof. Wu/Parekh/Tennant

Logic Inverter
Low

High

High

Low
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Simplest Circuit Model of PMOS

Or:

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S
−

+VGS

−

+

VGS

VGS ≤ − |Vtp
|
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D

S
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CMOS (Complementary MOS)

• PMOS + NMOS

• Very low power consumption inverter

• Dominant technology

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

Vin Vout
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

VDD Vout

Vin = VDD ⇒′￼′￼ 1′￼′￼

PMOS: VGS = 0 > − |Vtp
|

Off, open circuit ⇒

NMOS: VGS = VDD
On, short circuit ⇒

> Vtn

EECS 16B Fall 2023 Lecture 3, Slide 8 Instructors: Prof. Wu/Parekh/Tennant

Logic Inverter



EECS16B Tennant & Lustig,  EECS UC Berkeley

CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

VDD Vout

Vin = VDD ⇒′￼′￼ 1′￼′￼

PMOS: VGS = 0 > − |Vtp
|

Off, open circuit ⇒

NMOS: VGS = VDD
On, short circuit ⇒

> Vtn

VDD

Vout = 0V

VDD

⇒′￼′￼ 0′￼′￼

EECS 16B Fall 2023 Lecture 3, Slide 8 Instructors: Prof. Wu/Parekh/Tennant

Logic Inverter
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

0 Vout

Vin = 0 ⇒′￼′￼ 0′￼′￼

PMOS: VGS = − VDD< − |Vtp
|

On, short circuit ⇒

NMOS: VGS = 0
Off, open circuit ⇒

< Vtn
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

0 Vout

Vin = 0 ⇒′￼′￼ 0′￼′￼

PMOS: VGS = − VDD< − |Vtp
|

On, short circuit ⇒

NMOS: VGS = 0
Off, open circuit ⇒

< Vtn

0 Vout = VDD

VDD

⇒′￼′￼ 1′￼′￼
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

Vout
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Vin

Vout
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

Vout
Vin

Vin

Vout
VDD

VDD
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

Vout
Vin

Vin

Vout
VDD

Vtn
VDD − Vtn VDD

PMOS 
OFF

NMOS 
On

NMOS 
OFF

PMOS 
On
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G

D

S

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

G
D

S

VDD

Vout
Vin

Vin

Vout
VDD

Vtn
VDD − Vtn VDD

NMOS 
OFF

PMOS 
OFF

NMOS 
On

PMOS 
On

BOTH ON

(Need better model)

EE105, EE130
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CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOSVDD

VoutVA

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

M1 M2

M3

M4

VB

M1 M2 M3 M4VA VB Vout

0 0

0 1

1 1

1 0



EECS16B Tennant & Lustig,  EECS UC Berkeley

CMOS (Complementary MOS)

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOSVDD

VoutVA

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

EECS 16B Fall 2023 Lecture 3, Slide 5 Instructors: Prof. Wu/Parekh/Tennant

Simplest Circuit Model for NMOS

M1 M2

M3

M4

VB

M1 M2 M3 M4VA VB Vout

0 0

0 1

1 1

1 0

On On Off Off

On Off Off On

Off On On Off

Off Off On On

VDD

VDD

VDD

0

NAND gate!


