Lecture 4: DC Power Sources and Regulation
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Actions

Sub-system - Logic Sub-system

Basic electronics:
WKk1: Basic Electronics -
Charge/Current/Voltage/Resistor
Wk2: Energy/Power and DC Sources
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, V! open circuit voltage

|5t short circuit current

Real
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Current through the circuit: 7 =

. R, + R,
po= R Vs |
R, ST US| R, 4R, Power consumed by Rq
V 2
=R = Power consumed by R
- PL= R R, + R, YL

< To maximize P, we take the derivative of P, with respectto R,

d Vs R
dP) ~\(Rs+R)*™*)  (Rs+R,)’—R,(2Rs +2Ry)
d(Ry.) d(Ry.) > (Rs + Rp)*
Let Zg% =0= (Rs+ R,)?>~R,(2Rs + 2R,)) =0 = R2 —R? =0 = R; = R,
L
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T POWER EFFICIENCY [2]
- e *

. L. i S
: - Current through the circuit: 7 = R IR,
po= R Vs |
R, ST US| R, 4R, Power consumed by Rq
V 2
=R > Power consumed by R
- PL=R R, +R, Y

+* Observation

» maximum deliverable power
occurs when Rg= R,

V¢

» maximum P =
4R,

>RL

Ry
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) < Max efficiency

Py IRy

efficiency= — > > ] e,
P;+Pg I[“-R;+I14-Rg
Ry, 1
"~ Ry +Rg  14Bs
LTRS 1+—=
Rp,

>RL

% The output voltage versus R,

R, 1
VOZVL:VS.m:VS.

>RL

Ry
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Discharge Time (Hrs)

Li battery characteristics at
different temperature versus time

*» Need to stabilize the voltage to provide predictable performance
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Zinc chloride/carbon 1.5V 0.13 Inexpensive
Alkaline 1.5V 0.4-0.59 Most commonly used
Silver oxide 1.55V 0.47 Very expensive, only used in button cells
Lithium manganese 3.0V 0.83-1.01 Expensive and slow discharge
dioxide For high drain usage only
Mercury oxide 1.35V 0.5 Constant voltage, but banned in most countries

because of health concerns

NiCd 1.2v 0.14 Inexpensive, but with “memory” effect
Lead-acid 2.1V 0.14 High discharge rate and environmental hazard
NiMH 1.2v 0.36 Heavy and high discharge rate
NiZn 1.6V 0.36 Newly introduced in 2009 and limited size only
Lithium ion 3.6V 0.46 Low discharge and volatile (explode if short
circuit)
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= REGULATED OUTPUT

+

W ...

% Most battery-operated systems Rq
need a regulator to provide a ——
constant voltage

¢ Regulators can also provide VOA
different voltages to different parts Regulated output

of a system

“ Example: you will use 12V from the battery to .\
drive the motor and 5V to drive the remaining n
circuits

out
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* Adiode is a device that only allows current to flow in one direction

(e.g. LED)

* Symbol and characteristics

Valve open

Direction of blaod view

or

Blood pressure closes
valve thus preventing
backfiow
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4 *» A diode becomes a short circuit under forward bias and open circuit when

reverse biased
V,

Ly, A B
4 B i R
+ 4 (b §

H ‘-

A B
_ R
Va<Vsg
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4 ¢ |-V characteristics of a typical diode

| A

>\/
[-V curve for an ideal diode

* Atreverse voltage, current is zero (no current)

Real diode

| A

+ -

p

resistance

\

; > V
V,, (typically 0.7V)

*» At forward voltage, current is infinite (or any current)
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~* ZENER DIODE
- e

«» Similar to a diode, but it also allows current to flow when reverse
voltage is larger than a certain value

* Symbol and characteristics

. + - Vap J
\ —% ’ \VO >

< Allow conduction when V< V,,or V>V,

% Typical value V,,=-57VorV, =07V
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= CONNECTING A ZENER DIODE

+» Circuit construction with Zener diodes

% + A
— ~

—

R,

% When V> |V;,|, the Zener diode will clamp the voltage to /;;, to protect

the circuit.

s Problem: power waste
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"ATED VOLTAGE REGULATOR

¢ In your Lab#02:
Low voltage for ICs

High voltage for motor drivers

\ P .

K4 \ > Vout
/4
Q—I'i Vin Vout
‘\\ GND
\
c1 N 2 R1
0.22u____ Seae - 10k

Dedicated regulator

)

w Department of Electronic and Computer Engineering, The Hong Kong University of Science & Technology



_* LM7805
- e

Fixed Output Regulator

(0-12v)  1iNPUT ‘ouTPUT 3 =5V
W . 3

| Vo
+ +

|122 '.I.F T, lGND I u..‘ }J.F A
z —

s Itis the Integrated Circuit (IC) to be used in your lab

e U TRUT

:::-:un
:::arﬁ

S

LM7805

* No need to understand the internal circuit (as you need to take more

advanced courses)
¢ Only IC Function knowledge is needed

*» A capacitor is commonly used to stabilize the input
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EASURE OF A REGULATOR
r', PERFORMANCE

lﬁ-o

) ¢ Line regulation

» It measures how stable the output voltage is with respect to the change of the

input voltage
: : AV
Line regulation = ——
AV,

» ldeally, it is equal to zero

*» Load regulation

» It measures how stable the output voltage is with respect to the change of

output current
: AV
Load regulation = —
Alg

» ldeally, it is equal to zero
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, < Battery characteristics NV VT~ INEEEES

- . N

i 1 2 3 4 B 4 7 B @ 10
Drscharge Time (Hrs)

+* New element learned

Diode \

*» The importance of voltage regulation

% LM7805 voltage regulator
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= NEXTLECTURE

+*

¢ Integrated circuits

¢ Pulse generation
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QUESTIONS?




