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TODAY’S PROJECT
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BUT FIRST:
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TEST EQUIPMENT
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Multimeter

* Measures all kinds of things
— Voltage
— Current
— Resistance

— Other fancy things
* Tests continuity
* Some can give diode and transistor properties
* etc.
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Choosing a measurement
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Try it on last week’s project

* Measure voltage  Measure resistance of
across resistor resistor
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Try it on last week’s project

* Measure current going into LED
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Try it on last week’s project

* When getting ready
to measure current,
look on the meter

— Leads often have to
be connected to
different jacks than
for voltage or
resistance
measurements
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POWER SUPPLIES
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The problem

* Some circuits need specific voltages to work
* Exact voltage we need isn’t always available

e Solution: Convert what we have into what
we need
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Voltage divider

* Easy way to get from one voltage to a lower
voltage

* Quick and dirty
— Not too stable

— Need to be able to predict your input voltage
and output resistance

 Butit's cheap!
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The idea
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Try it

Out =6V il
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Try it
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Two problems

* V. directly depends on V,,
— Unstable input = unstable output

* If V. is connected to anything, it could
change!
— Why is this?
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Combining resistances

* Remember how batteries could be
connected in series or in parallel?

* Remember how they added up differently in
each case?
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Combining resistances

e Series  Parallel
AN RS
1
Riota1 = R1 + R, Riotat = R1 I Ry =
1.1
R, R,
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What happens here?

360 Q N
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1 kQ I %220 Q I
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What happens here?

v - 1kQ || 220Q
== k
out 360 0+ (1 kQ || 220 Q)
LkQ || 2200 = LKR*2208 o000
 1kQ+2200 '

360 Q I 18030
OV * 3600+ 18030 @y
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1 kQ N 2200 1N
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What else can we do?

* Use a voltage regulator
— Inexpensive (usually) chip
— Handles all of this stuff for you
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What else can we do?

* Use a voltage regulator
— Some are more complicated than others
— Some let you set the output voltage you want
— Some just lower voltage; others raise it
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How do they work?

* Details? Outside the scope of this class
e But let’s find out how to use one!
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Integrated circuits (ICs)

 What people generally mean by “chip”
* Usually black plastic with some metal pins

gos Lt i)

http://en.wikipedia.org/wiki/ http://www.flickr.com/photos/ http://en.wikipedia.org/wiki/File:TO-220_
File:Three_IC_circuit_chips.JPG oskay/6328929468/ Package_Four_Different_Projections.jpg
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Problem

* They can sort of look the same

[ T TR

http://www.flickr.com/photos/
Y ronybc/1713396200/
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Datasheet

 Manufacturer’s instructions on how to use it
 Can be a page or hundreds
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National
Semiconductor

General Description

The LM117 series of adustable 3-emminal postive vokage
regulators is capable of supplying in excess of 1.5A over a
1.2V 10 37V output range. They are exceptionally easy to use
and require onfy two extermal resisI0rS o set the output volts
age. Further, both line and load reguasion are beter than
standard feed reguiators. Also, e LM117 is packaged in
standard ¥ansisior packages which are easily mounted and
handed.

In addition 1o higher performance than fxed reguiators, the
LM117 series offers & averioad protection availatle only in
IC's. Included on the chip are current imet, thermal overioad
protection and safe area protection. Al overioad

aircutry rermans fully funchonal even ¢ hie adustment termi-
nal is dsconnected.

Normally, no capaciiors are needed unfess he dewvice is sit-
uated more than & inches from e input fiker capacitors in
which case an input bypass is needed. An optional cutput ca-
pacor can be added 1 improve transent response. The
adjustment terminal can be bypassed %o achieve very high
nipple reyection ratos which are dficult to achieve with stan-
dard 3-serminal regulators.

Besides replacing fixed regulators, the LM117 is usefl in a
wide variety of ather applcations. Since the reguiator is “ioats
ing" and sees only he inputo-output differensal vokage,
spphes of vobs can be long.

LM117/LM317A/LM317

3-Terminal Adjustable Regulator

February 25, 2011

#he maximum input 10 output dierential is not exceeded, Le.,
avoid short-cirouting the output.

Alzo, it makes an especialy simple adustable swiching reg-
wator, a programenable output regulator, o by connecting
fxed resisior betwoen the adjusiment pin and output,
w7 9 Suppies
with eloctronic shutdown can be achieved by clamping the
adjussment terminal 10 ground which progrms he output 1o
12V where most loads draw lisle current.

For applications requiring greater output cument, see LM150
serios (34) and LM138 series (5A) data shoets. For $he negr
ave complement, soe LM137 series data shoet.

Features

Guaranteed 1% output voltage tolerance (LM317A)
Guaranteed max. 0.01%/V line reguiasion (LM317A)
Guaranteed max. 0.3% load regulation (LM117)
Guaranteed 1.5A ouput current

Adqustatie output down 1o 1.2

Current limit constart with temperature

P+ Product Enhancement tested

80 dB ripple rejection

Output is short~ciecult protected

Typical Applications

25V Adjustable Regulator
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LM117/LM317A/LM317 Package Options

Part t

Number Sultx | Package m.
LM117. LM317 K_| 103 | 1sA
L3174 LM317 T | 10220 | 1sA
[0 S |02 | 1sA
L3174 LM317 EMP_| SOT-223 | 10A
M7 CM317A.LM317 | H_| 1039 | 05A
Da117 € | tcc | osa
L3174 LM317 MDT | 10252 | 05A

SOT-223 vs. TO-252 (D-Pak)
Packages
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Example

Connection Diagrams Absolute Maximum Ratings (v 1) Operating Temperature Range
 Military/Aerospace specified devices are required, winr - .
103 T0-39 (M) tact the National Semiconductor Sales Office! B17A SSC ST, S 150°C
Metal Can Package Metal Can Fackage Distributors for availability and specifications. w7, ~4CST, S 25T
Pawer Dissipation Intemaily Limeod thearz CCST, S a28°C
ADFSTNENT Vin o= il
Wnput-Outpust Vokage Diferential 40V, 03¢ Preconditioning
O ADMSTNENT Sworage Temperature ~65°C 1o 4150°C Thermal Limit Burmein Al Devices 100%
Lead Temperature
ouur Metal Package (Soldering. 10 seconds) a0rc
Plastic Package (Soldesing, 4 seconds) 260°C
- £SD Tolerance (Note 5) 3k
case 18 cuTRUT . -
— Bottom Vie LM117 Electrical Characteristics (voie 3
CcasE 18 OUTPUT NS Package Number HO3A Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
View Range. Unless otherwise specified, Vi, = Vour = 5V, and loyr = 10 mA.
Steel Package
NS Package Number K02A or K02C Parameter Conditions
Min Units
10263 (5) SOV,
3V S (Vg = Vour) S 4
Surface-Mount Package Aefererce Vokage ¢ four) 120 125 130 v
10mAS Ly % ey
- =1l ot o0z
[Iouteur Line Rogulation 3V % (Vo = Vour) < 002 0.05 i
- - [X] 03
F o Load Aeguiason 10mA % Loy € hay o P -
Thermal Reguiation 20 ms Pulse 0.03 0.07 N
Top View Adstment Pin Current. 50 100 pA
10mAS =),
Adgstment Pin Current Change e four “‘:' X 02 5 [y
3V S (Vg = Vi) < 4OV
Temperature Stabiy Tone £ T, % Ty 1 %
Minimum Load Current [(Vey = Vour) = 40V 35 5 mA
(Ve = Vour) S 15V
e o M Erace | ||
NS Package Number T038 Curront Limit 3 il L L
[(Ves = Vour) = 40V
T0-263 (S) Ceramic Leadless. K Pack 03 .
Surtace-Mount Package Chip Carrier (E) ‘age 4 A
— osmeT H. E Package 015 020
'S AMS Ouput Noize, % of Vour 10Hz 1% 10 kHz 0.003 £
Side View Vour = 10V, { = 120 Hz, Cyn, = 0 1F 65 =
Apple Ay Ratio
NS Package Number TS38 fpction Vor = 10V, 1= 120 Hz, Copy = 10 oF &5 80 =
Long-Term Stabilty T, = 125°C, 1000 hrs. 03 1 3
Theemat B . K (TO-3) Package 2
- - - esitance, .z H (TO-39) Package 21 o
SRR i E (.CC) Package 1
wm Thermal Resistance, 8, K (TO-3) Package 39
- Juncsonvio-Ambient H (T0-38) Package 185 ow
Top View N
ns 2% Number E20A (No Heat Sink) E (LCC) Package )
wnatord com 2 prmpe—yrey “
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LM317 adjustable regulator

* Adjustable
— Easy to set — just add two resistors

e Cheap (maybe $0.50)
* Can regulate either voltage or current
 Can take anywhere from 1.2 Vto 37V
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LM317 adjustable regulator

* Not very efficient

— Good chance you’ll need a heatsink
(We won't in this class)
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In the datasheet...

Application Hints

In operation, the LM117 develops a nominal 1.25V reference Since the 100pA current from the adjustment terminal repre-

voltage, Vger, between the output and adjustment terminal.  sents an error term, the LM117 was designed to minimize
The reference voltage is impressed across program resistor |, and make it very constant with line and load changes. To
R1 and, since the voltage is constant, a constant current I, do this, all quiescent operating current is returned to the out-
then flows through the output set resistor R2, giving an output  put establishing a minimum load current requirement. If there
voltage of is insufficient load on the output, the output will rise.

R2
Vout = Veer {1+ 57 ) * laoyR2 )

LM117

— VN Vour
ADJ '1;

Veer ¢ R1

http://www.ti.com/lit/ds/
= symlink/Im117.pdf

laDJ

R2

906305

FIGURE 1.
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In other words...

In operation, the LM117 develops a nominal 1.25V reference
voltage, Vger, between the output and adjustment terminal.
The reference voltage is impressed across program resistor
R1 and, since the voltage is constant, a constant current |,
then flows through the output set resistor R2, giving an output
voltage of

R2
VouT = VREF (1 t —) + lapyR2
R1 1) ()

. doesn’t depend
—vin  Vour On Vln!

Application Hints RZ
PP Vour =125V x (1 + 1 + 0.0001 4 * R2

ADJ

Vout

'apy

906305

FIGURE 1.
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Out
% 360 Q NN

l+

6V == §1m|||

1 kQ
Vout = 1.25V % (1 + m) + 0.0001 A*1 kO =482V
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Try it
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Capacitors

* Store energy in an electric field
* Can be used to smooth out noisy signals

* Also useful for:
— Filters for audio and RF
— Reaching high voltages
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Capacitors

Some can be used in e Others blow up if you

either direction put them in backward
— These generally look — These generally look
like discs like cans

&1/ )
4l

http:// http://
www.flickr.com/ www.flickr.com/
photos/ photos/
zero-waste/ : dj-dwayne/
4117130831/ 5584102517/
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Let’'s add one

4
Adj O Vin
LM317
vout
Out
360 O NN
_|_
oV I (F0.1F 1 kQ I
@
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The difference

* Probably won't notice one here
— Battery powered, no load

* Generally good practice
— Helps keep things a bit more predictable

— Datasheets can help provide guidance

 LM317 said it’s useful on the input but unnecessary
on the output
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Oscilloscope

e What if we want to look at the difference?

* Oscilloscope shows voltage waveforms
over time
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Oscilloscope

e Sort of expensive
— Hundreds of dollars to tens of thousands

* Really handy, though
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That's it for tonight

* Next week
— Lights (both making and detecting)
— Transistors
— Maybe some digital logic
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