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One of the motivations for building circuits is to One of the motivations for building circuits is to process information process information 
or energyor energy..
iPod, iPod, iPadiPad, and , and iPhoneiPhone are examples of commonplace electronic are examples of commonplace electronic 
systems for processingsystems for processing informationinformation. Power supplies are example of . Power supplies are example of 
l t i i it th tl t i i it th telectronic circuits that process electronic circuits that process energyenergy..

Either the Either the information or the energyinformation or the energy, is represented in the circuit by , is represented in the circuit by 
an an electrical signalelectrical signal, namely a , namely a currentcurrent ii((tt))or a or a voltage vvoltage v((tt)), and , and circuitcircuit

t k d t th i lt k d t th i lnetworks are used to process these signals.networks are used to process these signals.
An analog Signal: a 1An analog Signal: a 1--MHz sinusoidalMHz sinusoidal
signal with amplitude 10 V and signal with amplitude 10 V and 
a phase offset of π/4a phase offset of π/4
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Analog Signals
A 5A 5--A DC signal.A DC signal. g yA 5A 5 A DC signal.A DC signal.
A signal carrying information in its amplitude.A signal carrying information in its amplitude.
A signal carrying information in its frequency.A signal carrying information in its frequency.
A 1A 1 MH i l ith 5MH i l ith 5 V ff tV ff tA 1A 1--MHz square wave signal with a 5MHz square wave signal with a 5--V offsetV offset
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Digital abstraction is Digital abstraction is the signal value the signal value discretizationdiscretization..
Continuous SignalContinuous Signal

Discrete Signal (or Digital Signal)Discrete Signal (or Digital Signal)
Interestingly, we will see shortly that the tools learned in the previous Interestingly, we will see shortly that the tools learned in the previous g y y pg y y p
three chapters are sufficient to analyze simple digital circuits.three chapters are sufficient to analyze simple digital circuits.
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Here is a signal Here is a signal averageraverager (an analog signal processing circuit).(an analog signal processing circuit).
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Noise Problem
g y

Noise hampers our ability to distinguish between small 
diff i l f l b 3 1 d 3 2
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Let’s restrict values to be one of following two values.Let’s restrict values to be one of following two values.
HighHigh LowLow
5V5V 0V0V

TrueTrue FalseFalse
11 00

This is just like two digits 0 and 1This is just like two digits 0 and 1
(Remember numbers larger than 1 can be represented using multiple(Remember numbers larger than 1 can be represented using multiple(Remember, numbers larger than 1 can be represented using multiple (Remember, numbers larger than 1 can be represented using multiple 
binary digits and coding, much like using multiple decimal digits to binary digits and coding, much like using multiple decimal digits to 
represent numbers greater than 9. E.g., the binary number 101 has represent numbers greater than 9. E.g., the binary number 101 has 
decimal value 5.)decimal value 5.)decimal value 5.)decimal value 5.)

Why is this Why is this discretizationdiscretization useful?useful?
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Digital System
g y

Without noise

With noise
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Digital System
g y

g y
Better noise immunityBetter noise immunity
Lots of "noise margin "Lots of "noise margin "

V5V52 ≤≤ VLogic valueLogic value for "1" : for "1" : noise marginnoise margin 5V to 2.5V = 2.5V.5V to 2.5V = 2.5V.
Logic valueLogic value for "0" :  for "0" :  noise marginnoise margin 0V to 2.5V = 2.5V.0V to 2.5V = 2.5V.

2.5V  is called the 2.5V  is called the voltage thresholdvoltage threshold..

V5V.52 ≤≤ V
V 5.2V 0 <≤ V
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Issue with Voltage threshold 2.5V
g y

What if the receiver receive a 2.5 V signal? How to interpret this signal? 0 or 1? What if the receiver receive a 2.5 V signal? How to interpret this signal? 0 or 1? 
How about create a "forbidden region“ to overcome this problem? How about create a "forbidden region“ to overcome this problem? 

l i ll i l f "1"f "1" V5V3 ≤≤≡ VVlogic valuelogic value for "1" :for "1" :
logic valuelogic value for "0" : for "0" : 

V 5V3 ≤≤≡ VVH

LVV ≡≤≤ V 2V 0
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Noise Margin
g y

If the sender sent If the sender sent VVHH = 3V as logic "1“, then where’s the noise margin? = 3V as logic "1“, then where’s the noise margin? 
How to resolve this zero noiseHow to resolve this zero noise--margin issue?margin issue?
Hold the sender to tougher standards!Hold the sender to tougher standards!Hold the sender to tougher standards!Hold the sender to tougher standards!

"1" for  sender:                                       for  receiver:"1" for  sender:                                       for  receiver:
"0" for  sender:                                       for  receiver:"0" for  sender:                                       for  receiver:

V 5V 4 ≤≤≡ VVOH

OLVV ≡≤≤ V 1V 0
V 5V 3 ≤≤≡ VVIH

ILVV ≡≤≤ V 2V 0
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The Noise Margin
g y

"1" noise margin:"1" noise margin: IHOH VV −=1NM

"0" noise margin:"0" noise margin: OLIL VV −=0NM
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The Static Discipline
g y

Digital systems follow static discipline: if inputs to the digital system meet Digital systems follow static discipline: if inputs to the digital system meet 
valid input thresholds, then the system guarantees its outputs will meet valid valid input thresholds, then the system guarantees its outputs will meet valid 
output thresholds.output thresholds.
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The Static discipline 
g y

The static discipline is a specification for digital devices.The static discipline is a specification for digital devices.
The static discipline requires devices to interpret correctly voltages that fall The static discipline requires devices to interpret correctly voltages that fall 
within the input thresholds (within the input thresholds (VVILIL and and VVIHIH).).
As long as valid inputs are provided to the devices, the discipline also As long as valid inputs are provided to the devices, the discipline also 
requires the devices to produce valid output voltages that satisfy the output requires the devices to produce valid output voltages that satisfy the output 
thresholds (thresholds (VVOLOL and and VVOHOH).).
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Noise Margin
g y

The sender sends a 0 by placing The sender sends a 0 by placing vvOUTOUT = 0.5 V on the wire. The receiver is able = 0.5 V on the wire. The receiver is able 
to interpret the value as a 0 because the received value is within the low input to interpret the value as a 0 because the received value is within the low input 
voltage threshold of 2 V. voltage threshold of 2 V. 

Th i i bl i h i l l b h i l lTh i i bl i h i l l b h i l lThe receiver is unable to interpret the signal correctly because the noise level The receiver is unable to interpret the signal correctly because the noise level 
of 1.6 V is higher than the noise margin of 1.5 V.of 1.6 V is higher than the noise margin of 1.5 V.
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Example
g y

Disco's static discipline: Disco's static discipline: VVILIL = 2 V, = 2 V, VVIHIH = 3.5 V, = 3.5 V, VVOLOL = 1.5 V and = 1.5 V and VVOHOH = 4 V. = 4 V. 
YehaaYehaa adders can interpret all signals between 0 V and 2 V at their inputs as a adders can interpret all signals between 0 V and 2 V at their inputs as a 
logical 0, and all signals between 3 V and 5 V as a logical 1.logical 0, and all signals between 3 V and 5 V as a logical 1.
For a logical 0, their adders produce a voltage level of 0.5 V at their outputs. For a logical 0, their adders produce a voltage level of 0.5 V at their outputs. 
For logical 1, their adders produce the voltage level of 4.5 V.For logical 1, their adders produce the voltage level of 4.5 V.
Yehaa'sYehaa's adders satisfy Disco's static disciplineadders satisfy Disco's static discipliney py p
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Example
g y

Disco's static discipline: Disco's static discipline: VVILIL = 2 V, = 2 V, VVIHIH = 3.5 V, = 3.5 V, VVOLOL = 1.5 V and = 1.5 V and VVOHOH = 4 V. = 4 V. 
Yikes'sYikes's adders can interpret all signals between 0 V and 1.2 V at their inputs adders can interpret all signals between 0 V and 1.2 V at their inputs 
as a logical 0, and all signals between 4 V and 5 V as a logical 1.as a logical 0, and all signals between 4 V and 5 V as a logical 1.
For a logical 0, their adders produce a voltage level of 1.7 V at their outputs. For a logical 0, their adders produce a voltage level of 1.7 V at their outputs. 
For logical 1, their adders produce the voltage level of 4.5 V.For logical 1, their adders produce the voltage level of 4.5 V.
Yikes'sYikes's adders DO NOT satisfy Disco's static discipline.adders DO NOT satisfy Disco's static discipline.y py p
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Processing digital signals 
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Recall, we have only two values.Recall, we have only two values.
Map naturally to logic: T, F.Map naturally to logic: T, F.
C l t b 1 0C l t b 1 0Can also represent numbers: 1, 0.Can also represent numbers: 1, 0.
An ExampleAn Example-- Boolean Logic: AND gateBoolean Logic: AND gate
The statementThe statement

Boolean Eq.Boolean Eq.

AND GateAND GateAND GateAND Gate

Truth Table RepresentationTruth Table Representation
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Adheres to static discipline.Adheres to static discipline.
Outputs are a function of inputs alone.Outputs are a function of inputs alone.
Digital logic designers do not have to care about what is inside a gate.Digital logic designers do not have to care about what is inside a gate.
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An OR gate.An OR gate.

NOT gate (or called Inverter)NOT gate (or called Inverter)g ( )g ( )
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An NAND gate.An NAND gate.

Digital CircuitsDigital Circuits
Implement:Implement:
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What if we receive the following signal? What if we receive the following signal? 

Is C 11011?Is C 11011?
May be C is 111110011111. May be …………May be C is 111110011111. May be …………
How to make sure we get (or interpret) the correct signal send by the How to make sure we get (or interpret) the correct signal send by the 
sender?sender?
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Lumped circuit abstractionLumped circuit abstraction that is fundamental to electrical that is fundamental to electrical 
i i i b d l ii i i b d l i di i idi i iengineering is based on lumping or engineering is based on lumping or discretizingdiscretizing mattermatter..

Digital systemsDigital systems use the digital abstraction, which is based on use the digital abstraction, which is based on 
discretizingdiscretizing signal valuessignal values..
Clocked digital systems Clocked digital systems are based are based on on discretizingdiscretizing both signals and both signals and 
timetime..
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Digital systolic arrays Digital systolic arrays are based on are based on discretizingdiscretizing signals, time and signals, time and 
spacespace..
Systolic system works like an automobile assembly lineSystolic system works like an automobile assembly line..
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Digital signal is to Digital signal is to discretizediscretize signal valuesignal value

High and LowHigh and Low

True or FalseTrue or False

0 and 10 and 1

Static discipline Static discipline 

VVOHOH, V, VIHIH, V, VOLOL and Vand VILIL

Noise MarginNoise Margin

NMNM11 and NMand NM00

Clocked digital systems and Digital systolic arraysClocked digital systems and Digital systolic arrays
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WinbondWinbond W83627DHG hardware monitorW83627DHG hardware monitor

Voltage sensor 0Voltage sensor 0 1.32 Volts [0xA5] (CPU VCORE)1.32 Volts [0xA5] (CPU VCORE)

Voltage sensor 1Voltage sensor 1 12.04 Volts [0xD8] (+12V)12.04 Volts [0xD8] (+12V)

Voltage sensor 2Voltage sensor 2 3.23 Volts [0xCA] (AVCC)3.23 Volts [0xCA] (AVCC)

Voltage sensor 3Voltage sensor 3 3.23 Volts [0xCA] (+3.3V)3.23 Volts [0xCA] (+3.3V)

Voltage sensor 5Voltage sensor 5 5.14 Volts [0xD6] (+5V)5.14 Volts [0xD6] (+5V)

Note that the voltage for CPU core is much less than voltage for PC Note that the voltage for CPU core is much less than voltage for PC 

mother board. Why?mother board. Why?
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