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Overview

This project details the design of a very low dropout adjustable power supply. A good
power supply is essential to electronic projects. While there are many existing
designs for adjustable power supplies, this one makes improvements that make it
more useful for hobby designs.

« MIC2941 regulator has guaranteed 1.25A output

« Low dropout, only 40mV - 400mV compared to 1.25V - 2.0V for LM317. This
means you can use a wider range of output voltages including generating 3.3V
from as low as 3.7V (such as 3 AA's or a lithium ion battery)!

« Short circuit and overheating protection

- Input diode to protect circuitry from negative voltages or AC power supplies.

« 21mm DC jack and terminal connector for voltage inputs

« Two indicator LEDs for high and low voltages

« Output selection switch to select from 3.3v, 5v and Adjustable

« Onboard potentiometer for adjusting voltage from 1.25V up to within 0.5V of the
input voltage. (20V max)

« On/Off switch for entire board

« Heat sink included
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Make It

Tools and Preparation

Tutorials

« Learn how to solder with tons of tutorials! ()

()

- Don't forget to learn how to use your multimeter too! ()

Tools

There are a few tools that are required for assembly. None of these tools are
included. If you don't have them, now would be a good time to borrow or purchase
them. They are very very handy whenever assembling/fixing/modifying electronic
devices! | provide links to buy them, but of course, you should get them where ever is
most convenient/inexpensive. Many of these parts are available in a place like Radio
Shack or other (higher quality) DIY electronics stores.
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http://learn.adafruit.com/adafruit-guide-excellent-soldering
http://www.ladyada.net/learn/soldering/index.html
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http://www.ladyada.net/learn/soldering/index.html
http://learn.adafruit.com/multimeters
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Soldering iron

Any entry level 'all-in-one' soldering iron
that you might find at your local hardware
store should work. As with most things in
life, you get what you pay for.

Upgrading to a higher end soldering iron
setup, like the Hakko FX-888 that we stock
in our store (http://adafru.it/180), will make
soldering fun and easy.

Do not use a "ColdHeat" soldering iron!
They are not suitable for delicate
electronics work and can damage the kit

(see here ().

Click here to buy our entry level adjustable
30W 110V soldering iron. (http://adafru.it/
180)

Click here to upgrade to a Genuine Hakko
FX-888 adjustable temperature soldering
iron. (http://adafru.it/303)

Solder

You will want rosin core, 60/40 solder.
Good solder is a good thing. Bad solder
leads to bridging and cold solder joints
which can be tough to find.

Click here to buy a spool of leaded solder
(recommended for beginners). (http://

adafru.it/145)

Click here to buy a spool of lead-free
solder. (http://adafru.it/734)
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https://learn.adafruit.com//assets/4748
https://learn.adafruit.com//assets/4748
https://learn.adafruit.com//assets/4749
https://learn.adafruit.com//assets/4749
http://adafruit.com/products/180
http://adafruit.com/products/180
http://www.epemag.wimborne.co.uk/cold-soldering2.htm
http://adafruit.com/products/180
http://adafruit.com/products/180
http://adafruit.com/products/303
http://adafruit.com/products/303
http://adafruit.com/products/303
https://learn.adafruit.com//assets/4750
https://learn.adafruit.com//assets/4750
http://adafruit.com/products/145
http://adafruit.com/products/145
http://adafruit.com/products/734
http://adafruit.com/products/734
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EXTRCH
Lo}

Multimeter
You will need a good quality basic
multimeter that can measure voltage and

continuity.

Click here to buy a basic
multimeter. (http://adafru.it/71)

Click here to buy a top of the line
multimeter. (http://adafru.it/308)

Click here to buy a pocket
multimeter. (http://adafru.it/850)

Flush Diagonal Cutters
You will need flush diagonal cutters to trim
the wires and leads off of components

once you have soldered them in place.

Click here to buy our favorite
cutters. (http://adafru.it/152)
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Solder Sucker

Strangely enough, that's the technical term
for this desoldering vacuum tool. Useful in
cleaning up mistakes, every electrical

\ engineer has one of these on their desk.

‘ Click here to buy a one. (http://adafru.it/
148)

Helping Third Hand With Magnifier
Not absolutely necessary but will make
things go much much faster, and it will

make soldering much easier.

Pick one up here. (http://adafru.it/291)

Parts List

Check to make sure your kit comes with the following parts.Sometimes we make
mistakes so double check everything and email support@adafruit.com if you need
replacements!

Image Name Description Part # & Datasheet Distributor
MIC2941AWT
" —— Low dropout
r j IC1 adjustable LM2941 s similar but  Digikey
o regulator doesnt go down to
1.25v
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https://learn.adafruit.com//assets/4755
https://learn.adafruit.com//assets/4755
http://adafruit.com/products/148
https://learn.adafruit.com//assets/4756
https://learn.adafruit.com//assets/4756
http://adafruit.com/products/291
http://www.micrel.com/_PDF/mic2940.pdf
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=576-1138-ND
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D1

LED1

LED2

1N5818 (or
1N5817, etc)
diode

1N4001 is
acceptable
but has higher
dropout

Red LED
Lite-On
LTL-1CHE (or
any 3mm LED)

Green LED
Lite-On
LTL-1CHG (or
any 3mm
LED)

1/4W 5% 1.0K
resistor

Brown Black
Red Gold

1/4W 1% 11.0K
resistor (blue
body)

Brown Brown
Black Red
Brown

1IN5818

Generic

Generic

Generic

Generic
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Digikey
Mouser

Digikey
Mouser

Digikey
Mouser

Digikey
Mouser

Mouser
Digikey


http://www.diodes.com/datasheets/ds23001.pdf
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail?name=1N5818IR-ND
http://www.mouser.com/search/ProductDetail.aspx?R=1N5818virtualkey51120000virtualkey511-1N5818
http://www.us.kingbright.com/images/catalog/SPEC/WP7104HD.pdf
http://www.digikey.com/scripts/DkSearch/dksus.dll?Detail?name=160-1708-ND
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMuus4pmcqQnzhN6SeHSEUy2V4gHFPUYIUI%3d
http://www.us.kingbright.com/images/catalog/SPEC/WP7104SGD.pdf
http://www.digikey.com/scripts/DkSearch/dksus.dll?Detail?name=160-1710-ND
http://www.mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMuus4pmcqQnzpDqmu4lFihzSibaj2wut20%3d
http://www.mouser.com/catalog/specsheets/XC-600035.pdf
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail?name=1.0KQBK-ND
http://www.mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMukHu%252bjC5l7YT4ynQe1JbEv1M6HNvmnye4%3d
http://www.mouser.com/catalog/specsheets/XC-600046.pdf
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMtMTfExsNintfGoE46VwL3BAuOXVaDBHU8%3d
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=11.0KXBK-ND

1/4W 1%

20.5K or20.0K
resistor (blue
body)

l" in ‘ R4 Red Black Generic M'OL'Jser
Digikey

! } Green Red
Brown OR
Red Black
Black Red
Brown

1/4W 1% 6.49K
resistor (blue

[ 4
" bocy) . Mouser
. i R5 Generic

l f Blue Yellow Digikey
| White Brown
Brown

21mm Power

CUI PJ-202AH Digikey
Jack

»
| |
K

a

100K trim

potentiometer Mouser
TM1 Bournes 3306 o

6mm top Digikey

adjust
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http://www.mouser.com/catalog/specsheets/XC-600046.pdf
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMtMTfExsNintUqerERoIoYxQLmMLR3w7UE%3d
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=20.5KXBK-ND
http://www.mouser.com/catalog/specsheets/XC-600046.pdf
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMukHu%252bjC5l7YR8Gx5jWPbjmuP5uu94omNM%3d
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=6.49KXBK-ND
http://www.digikey.com/scripts/DkSearch/dksus.dll?Detail?name=CP-202AH-ND
http://www.cui.com/pdffiles/PJ-202AH.pdf
http://www.bourns.com/data/global/pdfs/3306.pdf
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMsDYiCshOPiYBF1Hf446jicexNsMFuUXho%3d
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=3306F-104-ND

©Adafruit Industries

C1,
C4

C2,
C3

X2

S1

0.1uF ceramic
capacitor (104)

47uF / 25V
capacitor (or
higher)

2-position
5.08 terminal
block

SPDT ON/OFF
switch

SP3T voltage
selection
switch

Straight male
header

Heat sink

. Digikey
Generic
Mouser
. Digikey
Generic
Mouser
. Mouser
Generic .
Digikey
10SP0OO01 Mouser
0S103011MS8QP1 Mouser
. Digikey
Generic
Mouser

Aavid574102B0O0000G Mouser
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http://www.kemet.com/datasheets&C315C104M5U5TA
http://www.digikey.com/scripts/DkSearch/dksus.dll?PName?Name=P4923-ND%26Site=US
http://www.mouser.com/search/ProductDetail.aspx?R=C410C104K5R5TA7200virtualkey64600000virtualkey80-C410C104K5R-TR
http://industrial.panasonic.com/www-data/pdf/ABA0000/ABA0000CE27.pdf
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=P13458-ND
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMsCnlYck6hSqJSUNj0zFU3PO2%2fdyQ2CrR8%3d
http://www.on-shore.com/sites/default/files/manuals/OSTTAXX4163.pdf
http://www.mouser.com/Search/ProductDetail.aspx?qs=nJOu%252bf4e%252bhtchGRXi4U3dQ%3d%3d
http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=ED2580-ND
http://www.mouser.com/catalog/specsheets/MS-100499.pdf
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMtHXLepoqNyVf0Lp6f652BE%252bQS9DZLxtc8%3d
http://www.ck-components.com/os/slide,10537,en.html
http://mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMtHXLepoqNyVT7aRLtgbx5BOV4o0AqTS%252bE%3d
http://www.sullinscorp.com/drawings/77_P_C___S___N,_STRAIGHT,_C10640-B.pdf
http://www.digikey.com/scripts/DkSearch/dksus.dll?Detail?name=S1012E-36-ND
http://www.mouser.com/Search/ProductDetail.aspx?qs=HJDfQo7Hqh6oGK5X797LlQ%3d%3d
http://www.aavidthermalloy.com/cgi-bin/stdisp_print.pl?Pnum=574102b00000g
http://www.mouser.com/Search/ProductDetail.aspx?qs=sGAEpiMZZMttgyDkZ5WiuqjgsrRAg1CR36TGgZRBmEo%3d
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Prepare to assemble the kit by checking
the parts list and verifying you have
everything!

Next, heat up your soldering iron and clear
off your desk.

Place the circuit board in a vise so that you
can easily work on it.

We'll start by placing the DC power jack.
This is how we will attach outlet power
supplies to the board. The jack is 2.1mm
which is the most common size.

The DC jack can only go in one way, so its
pretty easy to work with.
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http://www.adafruit.com/
http://www.adafruit.com/
https://learn.adafruit.com//assets/4808
https://learn.adafruit.com//assets/4808
https://learn.adafruit.com//assets/4810
https://learn.adafruit.com//assets/4810
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Flip over the PCB - you can either tape the
DC jack down or use a finger to keep it
place.

Solder the three big pads that bring power
to the board.

Make sure to use lots of solder! This is
both an electrical and mechanical
connection so it needs to be solid.

.9
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/.\ Next we will solder in the IN5818
/‘ p \
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protection diode. Diodes only conduct
\
\ electricity in one direction. This means we
| can use them to protect our circuitry from

‘ negative voltages - a top killer of
electronics!

“ Bend the diode into a staple like so. Note
one side has a white/silver stripe on it.
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https://learn.adafruit.com//assets/4811
https://learn.adafruit.com//assets/4811
https://learn.adafruit.com//assets/4812
https://learn.adafruit.com//assets/4812
https://learn.adafruit.com//assets/4813
https://learn.adafruit.com//assets/4813
https://learn.adafruit.com//assets/4814
https://learn.adafruit.com//assets/4814

Place the diode next to the marking D1.

See that there is a white stripe on the
silkscreen? Make sure that the white stripe
on the diode matches that below it.
Otherwise you'll find that the kit doesn't
work at all!

Bend the two wire leads out so that the
diode sits flat against the PCB.

Now solder both wires to the PCB.

Press the flat of the soldering iron tip
against both the wire and the pad (silver
ring in the PCB) for a few seconds and
then poke in some solder. Then remove
the solder. Then finally remove the iron.
The solder joint should be a shiny cone. |
suggest reading our preparatory tutorials
too ().

o

aurepehpe

Now use yoru diagonal cutters to clip the
long leads just above the solder joint.

L o,“"":""
(6ed)

.' e
ee e ‘o
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https://learn.adafruit.com//assets/4815
https://learn.adafruit.com//assets/4815
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https://learn.adafruit.com//assets/4816
http://learn.adafruit.com/adjustable-breadboard-power-supply-kit
http://learn.adafruit.com/adjustable-breadboard-power-supply-kit
http://learn.adafruit.com/adjustable-breadboard-power-supply-kit
https://learn.adafruit.com//assets/4817
https://learn.adafruit.com//assets/4817
https://learn.adafruit.com//assets/4818
https://learn.adafruit.com//assets/4818
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Now flip back over. Next we wil solder in
the ON/OFF switch! Its pretty clear what
we use it for:)

The switch is 'symmetric' so don't worry
about putting it in backwards because it is
the same either way.

Tape or hold the switch in place while you
solder all three pins.

We're going to solder one of the 1.0K
resistors in next. The resistors should be
bent over 180 like shown. Note that
resistors are 'non-polarized' so you can
put them in 'either way' - they work the
same forwards or backwards.
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https://learn.adafruit.com//assets/4819
https://learn.adafruit.com//assets/4819
https://learn.adafruit.com//assets/4820
https://learn.adafruit.com//assets/4820
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Place one of the 1.0K resistors (Brown
Black Red Gold) into the slot marked R1.
Then place right next to it one of the 0.1uF
ceramic capacitors (they're small and
yellow). The resistors and ceramic
capacitors are non-polarized so they can
go in 'either way'.

The resistor sets the brightness of the
'high voltage' indicator LED. The 0.1uF
capacitor provides high frequency filtration

to make the power supply cleaner.
® o

/make/bbpsup
- *
...'g

- Bend the leads out so that the parts don't
- fall out when you flip over the board.

®

Solder in the two components.

®
T uuw.ladyada.net

- "o
, .—-.:.‘)
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https://learn.adafruit.com//assets/4823
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Then clip the long leads off.

T Wwuu.ladyada.net

@ sese
/make/bbpsup ® ®

Now we will place one of the 47uF
electrolytic capacitors C2.

This component provides low-frequency
filtration to clean up the 'high voltage'
power line.

Electrolytic capacitors arepolarized that
means they must go in the right way or
they will make your kit not work! See how

one leg of the capacitor is longer? That is
the positive (+) lead. Make sure that lead
goes into the pad marked with a +. See the
image left for details.
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We will finish up the 'high voltage' power
supply side by placing the green indicator
LED. This LED will let us know that power
is working! LEDs are diodes so they are
polarized. If not placed correctly they will
not work! So make sure you get this right.

See how one leg of the LED is longer?
That is the positive (+) lead. Make sure that
lead goes into the pad marked with a +.
See the image left for details.

Vel

wuw,ladyada.net

B oo
/make/bbpsup

of }’w(g © ‘ Q‘!Dg ia

) }T,,‘@.,' i Bend the leads out so the parts sit flat
oy U || W 1adyada; nex S .
~= 2 : against the PCB.
"4 see ® g
[ %) A ’wa.re/bbpbup ®®y "

',:: A € Solder and clip the leads.
. -
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Lets take a break and test the current
progress. Take the kit out of the vise and
make sure there are no stray wires kicking
around that could cause the board to
short.

Plug in a DC power supply, center positive.
Switch the power switch to the ON
position. You should see the green LED
light up.

If it doesnt, check that you have a center-
positive power supply, that the diode is in
right, etc. You may also want to test the
voltage at the V- and (-) pads near the LED
to see if you are seeing a voltage there.

See my multimeter tutorial for information
on how to perform these tests ().

Once you've verified its all good, lets
continue assembly.

Now we will solder in the heart of the kit,
the MIC2941 adjustable voltage regulator.
The regulator must be placed correctly to
work. Make sure that the big silver tab is at
the edge of the PCB (theres a thick white
line on the silkscreen to indicate it).

You'll want to solder the part so it sticks up

some - that way you can attach a heatsink
easily - as shown.
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https://learn.adafruit.com//assets/4834
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Solder the regulator in. If you placed the
regulator as suggested, you shouldn't
have to clip the leads as they'll be short.

/make/bbpsup

The regulator uses resistors to set the
adjustable output voltages. We'll now
solder those in.

First is 11.0K R3 (Brown Brown Black Red

Brown) - this resistor sets the 3.3V output
level.

Second is 6.49K R5 (Blue Yellow White
Brown Brown) - this resistor is the
'reference' divider for all the voltages.
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Third is 20.5K R4 (Red Black Green Red
Brown) - this resistor sets the 5V output
voltage.

Solder and clip the three resistors.

180 " R L

“v ’o' ,"-‘)' W e |

(T2 7
‘“uu.ladgaoa.h_e'
B o0

/make/bbpsup '
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Now we need a way to select which
resistor is connected to the regulator. For
that we use a 3-way switch. The switch can
only go in one way.

Solder in all the legs of the switch.

Be careful because the solder points are
small and somewhat close together. Make
sure you don't have a short circuit and that
each point is soldered.

Now we will put in the capacitors and
LEDs for the left hand "low voltage" side.

First is the red indicator LED. Remember
LEDs are polarized. Make sure the long
lead goes into the (+) marked pad.

Page 21 of 32


https://learn.adafruit.com//assets/4847
https://learn.adafruit.com//assets/4847
https://learn.adafruit.com//assets/4848
https://learn.adafruit.com//assets/4848
https://learn.adafruit.com//assets/4849
https://learn.adafruit.com//assets/4849
https://learn.adafruit.com//assets/4850
https://learn.adafruit.com//assets/4850

Next is the large electrolytic capacitor. Just
like the other one, its polarized. Make sure
the long lead goes into the (+) marked pad.

Finish off the 'low voltage' side by
inserting the second 1.0K resistor R2 and
the second O.1luF ceramic capacitor C4.

Solder and clip all the leads.
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Lets take another break and quickly test
what we've done so far.

Remove the PCB from the vise and clear
off the tape from wire bits. Then plug in
your DC power supply again.

Switch the kit ON and switch the voltage
selection switch from 3V to 5V to Adj. The
red LED should change in brightness. It
should be dim at 3V, brighter at 5V and
brightest at Adj. (we haven't put in the
adjusting potentiometer yet).
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Lets finish up this kit!

Place the 100K trim potentiometer in the
middle. This is what lets us adjust the
voltage output from 1.25V to 20V.

The trimmer sits above the PCB a bit, this

is OK.
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Next we will solder in the 2-pin terminal
jack. This lets us connect up wires to
emies g Power the board from a battery or similar.
o ;;U"ep;ef:\&el:n
L@ s Make sure that the 'holes' of the terminal
: L2 block are facing out so that you can plug

wires in!
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Now place the power supply on top. If it
fits nicely, solder the four pins.

Some breadboards are spaced differently,
in which case you will have to skip ahead.
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If your breadboard has nonstandard
spacing, you can still plug it in using the
header-breakouts in the middle.

You'll need to jumper the wires over to the
power supply rails as shown.

How to Use

This kit is very easy to use. First you should make sure your kit is all assembled,

check the assembly instructions and solder it up!

Please note, there is a silkscreen typo on this version of the board: For the

terminal block input, + and - are reversed. The input is polarity protected so if

you connect ground to - and positive input to + nothing will turn on. Please swap

the wires to use it!
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Right hand 'input’

There are two "outputs" on the board. The right hand side is the 'high' voltage side.
This is the power coming straight from the DC jack or terminal block. There is a diode
to prevent negative voltages but pretty much its going to be within 200mV of the
input.
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For example, this photo is me testing the output of the right hand side with a 12VDC
regulated power adapter attached. The voltage is within 200mV of 12V. The green
LED indicates that there is power on the right hand side.

Left hand 'output’

The left hand side is the 'regulated' voltage side. This is the power that is running
through the voltage regulator. This voltage is adjustable

If you select 3.3v on the voltage selection switch you will be able to measure that
output voltage. The red indicator LED will be somewhat dim
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Then you can also select 5V to generate a regulated 5V supply.

Finally, by selecting Adj. you can adjust the supply to anything you want from as low
as V1.3V to within half a volt of the input (which can be as high as 20V).
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Once you set the pot, the output voltage is not dependent on the input voltage. That
is, if you dial in 6V and you switch from a 9V to 12V supply, the output will stay at 6V.
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Heatsinking!

If your supply keeps cutting out and is very hot, it needs a heatsink! You can just slip it
on.

Downloads

Files for v1.0

These files are all released under CC Attrib. / Share-alike. Enjoy!

« Schematic () & board () files in EagleCAD format

©Adafruit Industries Page 31 of 32


http://learn.adafruit.com/system/assets/assets/000/010/171/original/supply.sch.txt
http://learn.adafruit.com/system/assets/assets/000/010/172/original/supply.brd

