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Module 5

Lecture: Battery and Voltage Regulation



0{" Battery and Voltage Regulation

You will learn in this module
= Power sources - Batteries
* Voltage, V (volts)
« Current, | (amps)
* Energy, E (joules)

= Voltage regulation (Constant Voltage)

* Purpose
 Types
« Circuits

» Performance measurements (Lab)

* Monitoring Battery Voltage, Current, Storage Motor Driver and Power Distribution board
Powering TI’'s Launchpad Development board

* Voltage regulation (DC voltmeter)
* Noise (AC voltmeter, oscilloscope)
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Power and Energy

Sources of Power
= 120/220 VAC 50/60 Hz
* Needs an AC to DC converter
* Needs a voltage regulator
= DC power supply (+5V on USB, +12V used in automotive)
+ USB power used to power Tl‘'s Launchpad (5V)
= Battery
* Need to drive robot autonomously
* Provide power to Tl's Launchpad, motors, sensors
« \oltage, energy, size, weight
* Needs a regulator for constant voltage

= Energy harvesting like solar or EM field pickup
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Power = V*| (watts)
Energy = V*I*time (Joules)

NiMH | + ¥
T Load
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Power Budget

Battery-powered embedded system
= Power Budget => Battery Life
Average Current < Energy Storagel/t;s,

= Save Power :
Reduce voltage, Sleep modes, Clock, CPU,

TI’'s Launchpad MSP432 Low Power MCU
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Energy = V*I*time
Storage = [I*time (amp-hr)

ADC On

ADC Off
CPU On

Sleep Mode

Clock Off
Regulator Off

Supply Current

> Time

MSP432 : Supply current under different

modes of operation
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Batteries

Types of batteries
= Primary (not re-usable)

* Heavy duty
» Alkaline

* Lead-acid

e Lithium

= Secondary (rechargeable)

« NiCad
e NiMH
 Li-ion

* Supercap

Energy = V*I*time
Storage = I*time (amp-hr)
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Inside a Battery

+

Cathode
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Batteries

— \/*|*ti
AA Sized Batteries Energy Storage = V*I*time

= I*time (amp-hr)

Battery Voltage (V) Energy Storage (Ah) Type

Alkaline 1.5 2 Primary

Lithium 1.5 3 Primary

NiCad 1.2 1.2 Secondary

NiMH 1.2 1.8 Secondary
Most energy

Li-ion 3.6 1.9 Secondary for the same size
battery

Running at a ¥2 amp, your robot will run for 3.6 hours

tie - Energy Storage/ |
=1.8/0.5 = 3.6 hr (NiMH)
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Voltage regulation using a Linear Regulator

Properties

» Generates a constant output voltage V,, for varying, input voltage V,, & load |

= Dropout voltage, Vi, > Vou + Vbo
= |Inefficient (dissipating more Power), |
= Low noise

in = Iout

out

Resistive

Pass element

in
> 9
.'.
.'.
Vih, <

Band
Gap
Ref

out
7 >
.'.
uud
T~ Vout

Input Power — Output Power = 7.2V X 100 mA-5V X 100 mA = 0.22W of Power Loss !!!
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Voltage regulation using a Linear Regulator

Example +5V regulator

Specifications:
Vin > 7V (Vpo = 2V)
loue < 1 @mp
7805
Vin —e—1In  Outp—e— 5V
+ + Build this circuit if you do not
e — n —
4.7uF Z< Gnd T 4.7 uF have the Motor Driver Power
{ Distribution board from Pololu

WEBENCH?® is a free design tool from Texas Instruments you can use to design power supply circuits

(link to WEBENCH Power Designer)
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Properties
» Buck: Step-down ( Vin > Vout)

= Boost: Step-up ( Vin < Vout)
» Buck-boost: either/both
= Noisy due to switching

Power In = Power Out

* ~ *
Vin Iin"’vout Iou'[

Efficiency = (Vy,* lou)/(Vin* 1)
Or Py !/ Pin

Voltage Regulation using Switching regulators

Buck

/ in
w +
_l.
Vin T~ Vout

To learn more about regulators go to ti.com/PMLK
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Boost
{in lout
Pty s
in -1~ Yout
.
Buck-Boost

i

lin
Yin /_l\ _out
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W) Switching Regulator Circuit : An Example

;
% / 1% Feedback Voltage Accuracy 7 >/
B >00% efficiency +5V 5 =
+11.1V 650 kHz Switching Frequency 2 - T b 8‘
St L
BAT Uz TPS563200DDC GND
8% +11.1V 5 em— . L1 3.3uH EVRE
_lan 2| EN vesT S—CBSLH—I L& Warning :

R | | or ,74 Ve ao [ 100 &%3 _lcour Pay careful attention
et VER T not to connect the
DeansJ7 GND GND X Bx wire from output of
L b ] the regulator to

ground.!!

Switching Regulator schematic & PCB using Tl TPS563200 17-V
Input, 2- A Synchronous Step-Down Voltage Regulator

The Motor Driver and Power Distribution Board ( from the lab)
uses a similar regulator
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Switching Regulator Circuit : An Example

= 3.3V, 5V, 12V, and Adjustable Output Versions
= Step-down (buck) switching regulator

» Available in TO-220 and TO-263 Packages

= Ensured 3A Output Load Current version.

= Requires Only 4 External Components TO-220-5 package
» 150 kHz Fixed Frequency Internal Oscillator
= High Efficiency

= Thermal Shutdown IC2
and Current Limit 2 veAT, 1 v our  Ugs 38uH
Protection O : 5| ON/OFF ouT PE-54040NL
373 B80UF / e 14
3 GND C4

1=
These features provide J_— LM25965 A “T3300F
o i = D1 {SR503
circuit protection! GND GND

Build this circuit if you do not have the Motor Driver Power Distribution board from Pololu or use 7805

For more information on the power supply design go to http://www.ti.com/tool/Im2596s-adjevm
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Switching regulator circuit board using TI’'s LM2596

= LM2596T-5.0
= All through-hole parts
»  Student-proof

Cout
Cin

Build this circuit if you do
not have the Motor Driver

SN

LM2596T

Power Distribution board
from Pololu.

Texas Instruments Robotics System Learning Kit: The Maze Edition
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Batteries and Voltage Regulation

Summary
= Power Sources - Battery
* Primary versus secondary
» Power budget and Energy Storage

» Voltage Regulation - Linear Regulator
« Low noise
+  Wasted power = (Vi,-Vou) *lout
» Dropout voltage, V,, > V ,+Vy4o

Power = V*|

Energy = V*I*time

Energy Storage = I*time

* \oltage increase Power Budget:

« Higher Efficiency Average Current < Energy Storage/t;;,

= \oltage Regulation - Switching Regulator
* Large voltage drop

Texas Instruments Robotics System Learning Kit: The Maze Edition
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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