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Tour

Printed circuit board:

Overall size: 12” x |5”
(30.5 x 38.1 cm)

Transistors and resistors
along left edge of LED field.

Big CPU: ATmega | 64,
an AVR microcontroller.

Also: light sensor, switches,
buttons, places to hack in...
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Mounting holes:

4 corners for panel mounting
Top center: Hang a nail

Top 1/4,3/4:hang a string

The 25 Rows and 25 columns are
numbered along the edges, 0-24

LED Field: Each location has room
fora |0 mm LED, although smaller
5 mm (T-1 3/4,"standard size”) and
3 mm LEDs will work just as well.

(US Quarter for scale)

Bottom center and right:
power management
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Detailed tour: Lower left corner of board

Optional AVR-ISP interface: leave empty by default. Ul :ATmega‘I 64P microcc‘)ntrol'ler in a 40-pin socket.
) . Pay attention to the orientation. Extra holes are
[Fits a 6-pin DIL header--

provided to access most pins directly.

you'll need a programming interface too.] (Can also work with ATmega324P or 644P)

Normally empty

\ y) :
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o Q3030 FH.
o 4 OF030 PH3IADCE
9 GBOR0 PA4-AXA Light sensor and switch.
O Q3030 Fis e Default behavior: On all the time
o Q2030 775§ with “Steady” setting. Turns off when
0O Q1010 » it sees sunlight or incandescent light
0o when on “Auto” setting.
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Optional clock area: leave empty by default. “On” button actually resets microcontroller.
[Can use a 3-pin ceramic resonator or (Other functions are handled in software,

a (two-pin) low power crystal along with two caps.] can potentially be changed.) @



Detailed Tour: Lower center of board

Four resistors
will end up
here.

Two horizontal rows: possible places to put resistors;
Usually all “RL” locations are filled and all “R}” locations are left empty

o I b o o '
o o1 ©

o § I o ¥
© (e i

o 04 ¥ o
(=4 —® >
4 o o ‘ , o
o o o 5

o O
;0 o )
o [
0 O 5

Battery box will go here....

Normally
empty.

Optional
power jack



What do you make of this!?

Our standard assembly instructions, beginning on the
next page, will produce a static “pegboard” display, that will light
up LEDs in whichever locations you choose to install them,
with near-uniform illumination.

They will be driven in an energy-efficient multiplexed
arrangement and the infrared light sensor can be used to turn
on the display when it gets dark.

Reprogramming the “smart” display is possible, however note
that the LEDs are not individually addressable.

Hardware hackers may want to flip through the schematics
(pages 13-15) before going further to see if inspiration strikes. It is, for
example, potentially possible to reconfigure this display to produce
limited, simple animations-- with additional electronics and programming.
Many other hacks and mods are possible as well-- the circuit board was
actually designed with hacking in mind. Places have been left to put
certain extra components that you might want and holes have been
added to allow direct access to the microcontroller pins.

If you do wish to reprogram the display,
you will need to supply a 6-pin DIL header and an
AVR hardware programmer with a 6-pin ISP
interface. (We recommend the USBtinyISP by
Adafruit Industries.)



AS S e m b Iy: Fi rSt Ste P S ) (Lower left corner of printed circuit board)

AT g[8 Y o[o] rewce 0 w4 1O
,top olo o[Q] rmrocy 0 w5 }o
. / Qo 0| 03030 FH2HDL
|.Add resistors RA1, RA3, RA4 (9]0 o|c1010
|£ o) 0| 03010
5.1 k resistors (Green-Brown-Red-Gold), | el oo ofosoto
installed in 3 places. \ 15P-5 [o._o = |
| E o o[g]=
Implied procedure for components like this: | * 199 o
* Bend the leads of a resistor as shown o _|o o[o):
* Place it in the circuit board, at its location [o ' '% < g%'
* Solder the two pins from the back side | o .folo olol:
q o - —- —
* Clip off extra leads on back side. ““ | .%g gi‘
ojo o[g}
[Blo ———~gjoln
e
o o
2.Add resistors RA2, RBO-RB24
1.0 k resistor (Brown-Black-Red-Gold), P2 P3 1
installed in 26 places. RAT - RA4

RBO-RB24 are located along the left side of the circuit board.

Note: Be careful to avoid making solder bridges between the pins.

3.Add wire jumpers |P2, JP3

Jumpers are Zero-ohm resistors (One black stripe),
installed in 2 places.

4.Add slider switch S1

Match the part to the white outline drawing on the circuit board.
Solder all five pins.




Assembly: More stuff to solder

5. Install socket for U1
A 40-pin DIP socket.
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Orientation matters. Match the half-moon shape
at one end of the socket to the one drawn on the
circuit board. Solder it in place. (Same for chip, later.)

U1

CX2 | X3
© o0 0

6. Install capacitor C3

Q00000000 0DO0ODO0CDO0O0ODO0ODO0CDO0ODO0ODO0ODO

©jojolofo]olololololo]

OlOlOlOIOIéIO

o
1000 uF electrolytic cap B
ey I
Orientation matters. The NEGATIVE side of the o b0
capacitor is marked with a broad white stripe. 0
Solder it with this negative side towards “-” on the circuit board.
cs S2 and S3 QA1
/. Install capacitor C5 ( )
. or | ] 9. Install phototransistor QA
| uF ceramic Cap (Orientation: Either way.) CapaCItC(:); - Install phototransistor

LTR-3208E, infrared sensor with dark lens

|| Orientation matters. Long lead goes in the square

: . hole. The flat f f th li
8.Add tactile button switches S2 and S3 o I R IS B TS SSIEO I B
with the outline drawing.

Match the parts to the drawing on the circuit board.

Orientation: pins stick out on left and right sides,
not top and bottom. Phototransistor
(F/at fac

Qa1
\e)
—_ — 0

Solder all four pins of each switch.




Assembly: Resistors & Transistors, oh my!

|0.Add resistors RLO- RL25

75 ohm resistor (Violet-Green-Black-Gold),
installed in 26 places.

RLO-RL25 are in a wavy row at the bottom of
the LED field.

Note: RJ0-R]25 should be left empty.

| I.Add transistors Q0-Q?24,
2N4401 NPN transistors,
installed in 25 places.

Orientation matters. Match the flat face of the
transistors to the drawing on the board.

Flat face m——

\/

QO - Q24, Along left side of board
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Assembly: Power supply details

Procedure depends on the type of
ac adapter (if any) that you are using:

B US/Canada International
attery Only
(4.5V DC) Power supply Power supply
’ 4.5V DQ) (5Vv DC)
Jumper JPI Install Empty Empty
Power Jack |2 Empty Install Install
Power source
switch S4 Empty Install Install
: o Use Schottky
Diode DPI Empt )
iode mpty se wire jumper diode
Can still run No.
Ye Ye
on battery | (Just kidding!) e e

|2. (Battery only)

Install a wire jumper (Zero-ohm resistor)
in location JPI.

J2,54,and DPI are left empty.

(Adding your own external power? Make sure it’s
well regulated, protected, and capable of at least 600 mA.)

(Lower right corner of printed circuit board)

DP1
JP1

12. (US/Canada 4.5V power supply)

Install power jack J2, Switch S4 and
Install wire jumper (Zero-ohm resistor)
in location DPI.

Location JP1 is left empty.

|2. (International 5V power supply)

Install power jack ]2, Switch S4 and
Install Schottky diode in location DPI.

Location JP1 is left empty.

o —— -

e



Install Battery Box

| 3. Add battery box

Held in place with cable ties, wired up
with a pair of wire jumpers.

(Note: If you have an alternate power source,
e.g., you plan to run from an AC adapter all the
time, you can skip this step without ill effect.)

¢ 9909

Add a zero-ohm jumper from

“Solder lug” at positive
terminal of battery box

o
0

A

Battery box goes here.
Pay attention to the orientation!

Attach to circuit board
with cable ties through
the double hole sets

-

(Positive terminal)

+

o

\)\

“Solder lug” at negative
terminal of battery box

the solder lug to the
GND_IN pin on the board.

Then, repeat for the positive
terminal of the battery box,
hooking up to VCC_INT1.

Note: when soldering to the two solder lugs, be
quick-- the plastic of the battery box can melt if
you aren’t careful.



Assembly: Adding Chip & LEDs

| 4. Add microcontroller Ul

The ATmegal 64P chip goes in the 40-pin socket from step 5.
Pay attention to the orientation!

If necessary, bend the leads of the chip to straight up
and down before inserting the chip into the socket. From end of chip:

Do not bend them by hand; bend all pins on one side at a
time by pushing them against a hard flat surface. m

The chip goes into the socket with firm, even pressure.
YES

|5.Add LEDs to the LED field.

The board accommodates up to 625 LEDs in standard sizes up to
|0 mm. 3 mm,5 mm,and 8 mm LEDs will work just fine. Put
them where you like, or everywhere.

For standard types of LEDs, the long lead goes in the square hole (the one on the
left), and the flat face of the LED package matches the drawing on the circuit board.

It is recommended that only blue, green, white, and purple LEDs be used-- some
resistors may need to be adjusted if you wish to use other LED colors instead.
Mixing red/orange/yellow with blue/green/white types does not generally work well.

For reference, each LED location is labeled DXXYY, where XX is the row number
and YY is the column number. If you do not fill all the holes and wish to blacken the

unused labels, a black permanent marker works well.

See additional notes on following page.

44444

.......

.......

f'-'r-“ o T r- ~—
oo H A=A T A Ta A5 A

HEC L
- LED Field
25555 TSITIITINANY j_ff 1

Flat face &E
N —
Long lead
into
square hole
K
)
Long lead o I |
-l

5 6



LED placement tricks EYQ

Alternative build idea #I: put all the LEDs on the back side of Normal:
the circuit board. In this case, the long lead still goes in the Long lead into
square hole. square hole

F— —

When the grid really won’t do, the
LEDs can go between grid locations!

| —————

|
I
@) @
. E@ And so forth....

4 b
Y R o @
Bend out Bend down
For all variations: @ @ i | @

Side of LED with long lead still goes to square hole.
Side with flat still goes to round hole.




Wrapping it up!

Last step: Add the rubber feet

Attach one rubber foot in each corner on the back side of the
circuit board-- make sure that the circuit board lies flat on these
bumpers, not on wire leads.

These will help to avoid accidental short circuits, as well as
protect your wall if you hang it up by a hook or string.

An open-source project

The hardware and software designs used in this project are being
released under an open-source license. For more information,

please see:
http://www.evilmadscientist.com/article.php/peggy

The firmware is written in AVR-GCC, and we'd love to see what

you can do with it!

Got pictures!?

If you have interesting pictures of things built using this kit or the

hardware or software designs, we’'d love to see them in the

Evil Mad Science Auxiliary:
http://www.flickr.com/groups/evilmadscience/



http://www.flickr.com/groups/evilmadscience/
http://www.flickr.com/groups/evilmadscience/

Schematics: Page | of 3

RA1
s STEADY/AUTO
st RA3
5k "OFF"
—2
N TR E 3 82
© PeiSCK © Prea QA1 W e . I,
Vee () PBEMISO ( P83 © Pt s 4
© PesMOSI © B2 © Peo -
RA2
500 (? PAO/ADCO JP4
6ol [ rowr
RA4 ~o_9r-
JUMPER (O
s rowzait < (? PAT/ADC1 o1
w221 = JP5
Ut PA2/ADC2 N JUMPER (o:,
20:1 ATmega164 P
RESET s w201 (]
3 1
rowtet *_{pso o) (ADCo) PAO | 40 9 9 @ PAJ/ADCS
! 4 LU
fow 2 |pp1 (1) (ADC1) PAT | 39 PA4/ADGA
17:1
1 o < 3 |pB2 (AINO) (ADC2) PA2 | 8 C? @ @
rowle:1 4 | pB3 (AIN1) (ADC3) PA3 | 37 ‘ PA5/ADCS
5 pea(ss) (ADC4) PA4 | 30
6 | pBs (MOSI) (ADCS) PAS | 35 @ CP @ PAG/ADCE
7_| P86 (MISO) (ADCs) PAs | 34 J row25:1
(1S) (hoce) (? (? @ PA7/ADCT7
8 33
PB7 (SCK) (ADC7) PA7 > row24:1
9 32
R AREF GND_3
eset (? . ee veo.3
Vee  voc_2 10 |vee anp |31
Vee Optional crystal 9 GND_2 @P GaND Avec | 20 = .
NI or resonator = 12 29 C?
XTAL2 (TOSC2) PC7
XTL 13 | xTAL (Tosc1) Pcs | 28
skl ! frosen PC6
3 4 T 14 27
PDO (RXD! PC
i ™ PDO/RXDO 0 (RX00) ° owort
It
5 6 o1 c w7t () — 15 | pp1 (TXDO) pcal 26 rCs W
) =190 16 | pp2 (RXD1) pca| 25 ?
= | JUMPER (Opt.) p
17 24 > rowi0:1
s (? PD1/TXDO PD3 (TXD1) pC2 .
6-pin ISP Header rows:1 I 18 | poa (0018) po1| 28 C? —
< = ~
1114
JUMPER (Opt) (? PD2/RXD1 19 | pps (0C1A) pco| 22 pCa fow
= rows:t (| 20| pD6 (OC2BIICP) PD7 (0C2A) | 2! C?
> rowren
(? PD3/TXD1 rc2
T [ rowiat
? PD4 . (?
row3:1
C? PCO (?
w2t
PD6 > rowts:t
C? PD7 ?
rowtat (] owoit
Optional Power Supply: If using 4.5 V power supply,
5V REGULATED, > 500 mA use a wire jumper instead of a diode
To use, add J2, DP1, S4 for DP1.
and REMOVE JP1
Power Source
DP1 v
4 cc
J2 ; SB160-E3 s
+Vin
) N '
% 2
2 3
c o cs - ca4
3 VCC_IN1 O—+7 ) 1000 uF e 47uFTa |4 c
VCC_IN2 T T

‘ -9 Of%

JUMPER (Opt.)

Wire jumper JP1: use if and only if

S4 is not present.

5
J—O GND_IN2
. GND_IN

An Open-Source Design by

Evil Mad Scientist Laboratories

www.evilmadscientist.com

Fabricated for
Evil Mad Science LLC

http://evilmadscience.com/

Normally wire jumpers are installed in
locations JP2 and JP3, while JP4 and JP5
are left empty. If, however, access to
TXDO/RXDO is needed, one could put
jumpers in JP4 & JPS instead, with a

corresponding software change.

"Peggy"”

TITLE

A light-emitting pegboard display panel

FILE:  LEDdisp_X.sch

PAGE 1

REVISION: A

DRAWN BY Windell H. Oskay
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Schematics: Page 3 of

ColMid13:1
ColMid14:1
ColMid15:1
ColMid16:1
ColMid17:1
ColMid18:1
ColMid19:1
ColMid20:1
ColMid21:1
ColMid22:1
ColMid23:1
ColMid24:1

ColMid25:1

ColMid12:1

ColMido:1
ColMid1:1
ColMid2:1
ColMid3:1
ColMid4:1
ColMids:1
ColMid6:1
ColMid7:1
ColMid8:1
ColMid9:1
ColMid10:1
ColMid11:1

D|2OD D120| D1202 D1203 D1ZD4 D1205 D1206 D1207 D|2OB D1209 D1210 D12|3 D1214 D1215 D|21G D1217 D1218 D1219 D1220 D1221 D1222 D1223 D|22A

“
Za
s
Za
74
Za
Za
“
Za
s
“
Za
Za
“
Za
s
Za
“
Za
Za
“

z
2
z
2
2
z
2
2
z
2
2
2
z
2
2
z
2
2
2
2
z
2
2
z

Q12
2N4401
3

DIBOU DISOI D1302 D|303

X

D1304 D1305 D|306 D1307 DIBOB DISOB D1310 D1312 D13|3 D|3M D1315 DIBIS D|317 D1318 D|3|9

X

D1320 D1321 D|322 D1323 D|324

row12:1

w
w
74
w
w
w
w
w
w
74
w
w
w
w
w
w
74
w
w
w
w
w

z
z
z
z
2
z
z
2
z
2z
z
z
z
z
2
2
z
2
z
z
2
z
z
2
z

Q13
2N4401
s

row13:1 L D|400 D140| D1402 D|403 D1404 01405 D1406 D1407 D|408 D1409 D1410 D|411 D1412 DMIS D1414 D1415 D|4|6 D1417 D1418 D|419 D1420 D1421 D1422 D1423 D|424
X X X X X N X X X X X X X X X X X X X X X X X X X
~ S n o S n S S ~ S n o S n S S ~ S n S S n S S o
T
Q14
2N4401
3

“Dists “Diste D517 “Dists “Dist9

X

D1 520 D1521 D1 522 D1 523 D|524

row14:1

D|500 D150| D1502 D|503

X

D1504 D1505 D1506 D1 507 D|508 D1509 D1510 D|511

X

D1512 D15|3 D1514

178
w
w
w
w
w
w
178
w
w
w
178
w
w
178
w
w
w
178
w
w
178

2
2
2
2
2
z
2
i
z
2
z
2
2
z
i
i
2
2
2
2
2
z
i
i
z

Q15
2N4401
s

DISOO D160| D1602 DISOS

X

D1604 D1605 D|606 D1607 DISOB D1609 D1610 DISH

X

row15:1 D1612 D16|3 D|614 D1615 DISIS D1617 D1618 D|6|9 D1620 D1621 D|622 D1623 D|524

2
v
2
v
2
v
v
2
v
2
v
2

Ve
v

Ve
v

Ve
2

Ve
v

Ve
2

¥z
v

Ve
Ve
¥z
Ve
Yz
Ve
Ve
Ve
Ve
¥z
Ve
Ve
o
4
4
o

z
z
z
z
z
z
z
2
z
2z
z
z
z
z
z
2
z
z
z
z
z
z
z
2
z

Qi1e
2N4401
3

D1715 D|716 D1717 01718 D1719

X

row16:1 D|700 D17D| 01702 D1703 D1720 01721 D1722 D1723 D|724

X

D17D4 01705 D17DG D1707 D|7OB D1709 01710 D1711

X

D1712 DWIS D1714

Q17
2N4401
3

DIBOU DIBIG D1B17 DIBIQ

X

D1BO| DIBOB D1821 DIBZZ D1324

X

D1805 DIBOS DIBOB D1509 DIBH

X

D18|3 DIBM D1315 D1818 D1820 D1323

row17:1

D1802 D1BU4 D1307 DTSTD D1812

Q18
2N4401
s

row18:1 L DIQOO D190| D1902 D1903 D1904 D1905 D1906 D1907 DIQOB D1909 D1910 D1911 D1912 D19|3 D1914 D1915 D|916 D1917 D1918 D1919 D1920 D1921 D1922 D1923 D|924
X X X X X N X X X X X X X X X X X X X X X X X X X
~ S » ~ S n S S ~ S n o S ~ S S ~ S n S S n ~ S o
T
Q19
2N4401
3
row19:1 RB19 L DZDOD D200| D2002 D2003 D2OD4 D2005 D2006 D2007 DZDOB D2009 D201 0 D201 1 D201 2 D20| 3 D2014 D201 5 DZD1 6 D201 7 D201 8 D201 9 D2020 D2021 D2022 D2023 DZDZA
X X X X X X X X X X X X X X X X X X X X X X X X X
Q20
2N4401
s

D2|15 D21|S 02117 D2|18 D21|9

X

D2|20 D21 21 D2122 D2|23 D2124

row20:1

D2100 DEIOI D2|02 D2103

X

02104 D2105 D2106 D2|07 D21OB DZIOB D2|10 D21|1

X

DZHZ D21|3 D21|4

o
a
Za
a
w
a
a
o
a
Za
a
o
a
a
o
a
Za
a
o
a
a
o

z a
I
2 2
Yz
: :
vz
: .
2 4
Yz
(D I D () VAN [ ENVINE (R SNVUNE () SNVUNE ) UNVANL B ANVAND B SNV (IR () B () BV
W
2 2
Yz
2 k4
Yz
: :
I
2 2
Yz
: :
vz
: .
2 4
Yz
: :
I
2 2
Yz
2 k4
Yz
: :
I
2 2
Yz
: :
vz
2 4
2 2
Yz
ISPRNE [ UV (WA O NUVAND (VAN B VAR VAR VIR i (N ) NV () W () PR
I
2 2
Yz
2 k4
Yz
: :
I

Q21
2N4401
s

row21:1 L 02200 D220| D2202 02203 D2204 02205 D2206 D2207 02208 D2209 D2210 02211 D2212 02213 D2214 D2215 02216 D2217 D2218 02219 D2220 D2221 D2222 D2223 02224
X X X X X N X X X X X X X X X X X X X X X X X X X
~ S n o S n S S ~ S n o S ~ ~ S ~ S n ~ S ~ ~ S o
Q22
2N4401
3

row22:1

D2300 D23U| D2302 D2303 D2304 D2305 DZSOS D2307 DZBOB D2309 D2310 D2311 D2312 D23|3 D2314 D2315 D23|6 D2317 D2318 D2319 D2320 D2321 D2322 D2323 D2324

178
w
w
w
w
w
w
178
w
w
w
178
w
w
178
w
w
w
178
w
w
178

z
2
z
2
2
z
2
i
2
2
2
2
2
2
2
i
z
2
2
2
2
z
2
i
z

Q23
2N4401
s

row23:1 D2400 D240| D2404 D2405 D2406 D2407 D2408 D2409 D2410 D24|1 D2412 D24|3 D2414 D2415 D24|6 D2417 D2418 D24|9 D2420 D2421 D2423 D2424

2
v
2
v
2
2

Ve
Ve
Ve
Ve
¥z
Ve

PRy P gy VR, P g R o PR gy PR PRy PR (PR, g PRy PR O PR
PRy P gy VR, P g PR o PR gy P PRy P PR PRy PR O PR
PRy Py PR, P PR PR gy PR PRy P PR g PRy PR PO
PR PRy PR, PRy PR PRy VU PRy P g Py POy POy P
PRy P gy VR, P g PR o PR gy P PRy P PR g PRy PR g PO
PRy P gy VR, P g R o PE gy PR PRy P (PR g PRy PR O PR
PRy Py PR, P g PR PR gy PR PRy P (PR, g PRy PR O PO
PRy P gy VU, P g P g PR gy PR PRy PR g PR g PRy PO g PO
PRy Py VR, P g PR o PR gy P PRy P PR PRy PR g PR
PRy Py PR, P g PR PR gy PR PRy P PR gy PRy PR O PO
PR PR PR, VU PR PRy VU PRy P gy Py POy POy P
PRy P VR P g PR o PR gy PR PR P PR PRy PR g PR
PRy P gy VR, P g P o EPE gy PR PRy P (PR g PR PO g PO
PRy Py PR, P g PR PR gy PR PRy Py S PR PO gy U
PRy P gy VR, P g R o PR gy U SRy P I PR g PRy PO g PR
PRy Py VR, P g PR o PR gy PR gy PR P g PR g PRy PR G PO
PRy Py PR, P g PR PR gy PR I PRy P PR g PRy PR g PO
PR PR PR, PRy PR P VU PRy P gy Py POy PO Iy P
PRy Py Vi P gy s PRy PO PRy P PR PRy PR G PO
PRy e gy v P g PR g EPE gy P PRy PR (PR g PRy PR g PO
PRy S I VR P g PR o PR gy PR PRy P PR g PRy PR O PO
PR PR VA g P gy g PE gy PR PRy P gy PR i PR gy PR G PR

‘a g
1
g
8
4
W
—
W
4
W
4
W
Z
w
4
W
—
w
4
W
4
W
Z
w
4
W
g
Vs
4
w
4
W
—
w
4
]
S
R
4
W

z
z
z
z
z
z
z

Q24
2N4401
3

row24:1

An Open-Source Design by Fabricated for

Evil Mad Scientist Laboratories Evil Mad Science LLC "Peggy’

TITLE A light-emitting pegboard display panel
www.evilmadscientist.com http://evilmadscience.com/ FUE  LEDdp Xsch RevsON: A

PAGE 3 OF 3 DRAWN BY: Windell H. Oskay




