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About Me

* Technologist in Residence at Cornell Tech in NYC

* | make things under the banner of Oddly Specific Objects

 Background: Journalism, not tech

* |Learned by doing and making (and cribbing notes from open source designs)

 True believer in Open Source Hardware
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The Open Book e e
| of grm anISlble hedge in s o distance, “

GOals W this man Gatsby sent over his dlauffeu'
with an invitation.”

For a mornent he looked at me as if he
1 failed to understand.

 Function as an open hardware ety e s suseny.
ebook reader e exclaimed. “Oh, I beg your

{4 “I thought you knew, old sport. I'm afraid
{ 'm not & very good host.”

1 He sriled understandingly—rmuch rmore

{ than understandingly. It was one of those

1 rare smiles with a quality of eternal |

| reassurance in it, that you may come

{ across four or five times in life. It faced-
or seermed to face—the whole eternal
world for an instant, and then '
concentrated on you with an irresistible
prejudice in your favour. It unders
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The Open Book

Goals

 Function as an open hardware
ebook reader

* Support reading texts in all the
languages of the world
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Ein Hungerkunstler
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Une passion dans le desert
Hiatigre e Balzac

el ?l Paul's Case

 1 Hilla Cather

Yeinte poemas de amor

y una cancion desesperada
FPabla Nerids




The Open Book

Goals

 Function as an open hardware
ebook reader

* Support reading texts in all the
languages of the world

 Be affordable, accessible and
DIY able
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The Open Book

Goals

 Function as an open hardware
ebook reader

* Support reading texts in all the
languages of the world

 Be affordable, accessible and
DIY able

 Be understandable by the
person who builds and uses it
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But, why?



The Problem

Closed tech fails users

 Who does the technology
empower?



The Problem

Closed tech fails users

 Who does the technology
empower?

CHAPTER ONE

THE BOY WHO LIVED

r. and Mrs. Dursley, of number
four, Privet Drive, were proud to
say that they were perfectly nor-

mal, thank you very much. They were the last
people you'd expect to beinvolved in anything
strange or mysterious, because they just didn’t

hold with such nonsense.
Mr. Dursley was the director of a firm called

Grunnings, which made drills. He was a big,

Loc 65 14%




The Problem

Closed tech fails users

 Who does the technology
empower?

TECH / AMAZON / CIRCUIT BREAKER

Why Amazon is tracking every time you tap

your Kindle / Amazon explains why it needs to
track every page turn you make

’

Photo by Amelia Holowaty Krales /

The Verge



The Problem

Closed tech fails users

Beautifty and

strengthen your

o hair naturally

* Who doe% the technology L Gle “PORCANIQUE
empower : ' ' -

\

Hold [ for detalls
fums on wireless.




The Problem

Closed tech fails users Moke perfect o

every morning.

 Who does the technology
empower?

 Who does the technology
diminish and disempower?

« Why does the technology get
to do this?

) '“ﬂ' """"J@d\u&w L

| I
« What can we do about it? 025t xpo00




One Solution

Make 1t comprehensible
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» ...that people can build on their R e R g
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broad strokes... RERE o T RLTTog oL

e ...to teach them that they don't - e I
have to accept technology that SRR s e e e
wasn’t made with their best S - S
Interests at heart.
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One Solution

Make 1t comprehensible

!
,—'

The Open Book: Abridged Edition |

This is a simplified version of the Open Book,

. Design well documented open optimized for lower cost and simpler DIY
assembly. Follow the instructions, starting at
hardware... the bottom right and moving counter—clockwise,

then after step 9 continue on the front side.

- ...that people can build on their
own and understand, at least In 3“ Cd tl!/o ’ :

broad strokes...

e ...to teach them that they don’t | N@ [ R ggtﬁ;"’-‘se'pf‘t?":' ‘
have to accept technology that ) @ . N %nsert them from t
wasn’t made with their best @ B4 - BBV K .

¥ ﬂ\e Ope

- CC=E
(except for

interests at heart. = al Open Source




One Solution

Make 1t comprehensible

* Design well documented open
hardware...

e ...that people can build on their

own and understand, at least in 1 | THE
broad strokes... |  OPENBOOK
PROJECT .
* ...to teach them that they don’t ,
have to accept technology that | Sle —_—
wasn’t made with their best e TSP“"'%;”S

Interests at heart. e = MR

- .an?'




“The point of open source Is not to
ritualistically compile our stuff from
source. It's the awareness that
technology Is not magic: that there is a
trail of breadcrumbs any of us could
follow to liberate our digital lives.”

- Bunnie Huang, “On Liberating My Smartwatch From Cloud Services”
https://www.bunniestudios.com/blog/?p=5863



So, what are those
breadcrumbs?




Three Sets of Breadcrumbs

Different trails for different contexts

* Explaining how It works.
* Explaining how to build it.

* Explaining how to use it and hack It.
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This trail leads to...

Understanding how it works?

ca/l

f D180Q1 conspire to IetE . F '1[
B only the higher of UBAT & UBUS [
reach 3.3V regulator Ul. C1=
W ffilters requlator input; C2 & C3
BN filter output. R1 pulls EN high
@t to keep the regulator on.
B BATTERY: U2 is a LiPo charging
@ (controller. Pouered by UBUS, it
.n. charges the battery at a rate

AB

Use the silkscreen to narrate
what each component is for

’
".
s

w determined by R3. C4=filter for
0 UBﬁT R4&R5 limit current to CHGJf

,-FUL LEDs. Ré: voltage dividers
1. to gauge UBAT and UBUS
on A6/PBY1 and A11/PBO8G.

R3 Values

10K = 100mA <- RECOMMEND! b=

i: 208mA 2K = 500mA
UARNING: OUER 108mA, BE ABSOLUTELY CERTAIN

! THAT YOUR BATTERY SUPPORTS THE DESIRED
RATE OF CHARGEN PLEASE DON'T CATCH rmc._‘l

Y %SPI
us (MISO, MOSI, SCK).

ain
D4/PA14.

is

ses the m

MICROSDE®
DCS

A3 A2 -Al

LED

DS Die Dii1i Di2 Di3
12 PA13 PAL6 PALE PALS PA2G PA21 PA22 PA23 UBUS EN UBAT

4

A4

SCK A5
PB16 PB17 PER22 PE23 PAL17 PABS PAB4 PBAS PBOS PAJS PAB2

S1

SPECIFIC
OBKCTS

THE OPEN

X _RX_MISO MO
D6

e
DA SCL * DS

R4s

PORT_AS
3V @ND

DfO]-.n(.
a

"

ECS=D44/PBB7 .0C

ins

=D45/PBB5 ERST=D
/PABB EBSY=D47/' 21

i

g resistors R15

? i ', Lots to unpack here. For starters, the Feather c7 .
@ pinout is mostly identical to the Adafruit SAMDS51 I{I ' (g
WM boards you’re familiar with, PNN & analog pins oG8
"'- where you expect them (minus “extra” pin D4. (.H l@!
B SERCOM@: Serial (RX/TX = DB/D1 = PB17/PB16) /
2 . _A', SERCOM1: SPI C(MOSI/NISO/SCK = DZ7/DZ6/028 = PB23/PBZ2/PA17)
“.ll"l’)' B SERCOM2: I2C (SDA/SCL = D24/D25 = PA12/PA13) SRR IRENEsaS
M SERCOM4: SPI for the dlsplag. plil = TRERERRRRRRRR RN
MOSI1/SCK1 = D41/D42 = PB15/PB13 h =
f <no need for a MISOL),
For CircuitPython, use pPin names
(i.e. SCK, D8, A4). ﬁrdumo' number
,-' after D 1s dlqnal pin number (D4=4%4
B & for analog pins, use number with ‘A’ prefix
, # (A®). Most folks can 1qnore pad names (PA12),
| but they’re useful for firmware development.

¢
BﬁBEL FLASH CHIP
| UG is a 6GD25Q16C Flash chip on caps on each power pin
A the main SPI bus (BCS: D52/PB@6). « o . (r
Fits Unicode character data and 8 a i 1)

. u P A ,; b i N Umfont glyphs for every codepoint: o o o = ICii & C12 filter AUCC/ )_
. {:_ A " " r ‘ 1n the Basic Multliingual Plane. i HQEF, 1solated by F'_B},

terface. The other
A8 arid AS (PBB3 &

in

imitin

& R16. D5 & D6 are 3.6V zener diodes to protect pins
from overvoltage: they shunt excess power to ground

O R ~
roSs: SR Al D51 MICROCONTROLLER
T s 8

)

cess to pins

ge exceeds their breakdown

n

OPEN SOURCE HARDHARE

CC-BY-SA 4.0

from the
p’s voltage /
7regulator.
BOOK IS
PORTS (JST-PH)
ap
cz27
PORT_I2C
SCL SDA 3V 6ND

caps on UD
h1

output

c
t provides an IZC

— e ewmp  wm—

OPEN

* |t could demystify the tech?

vide -ac

(!
PB@2, respectively) via current 1
o

o
o
z_don’t steal the bear_tho.

THE
the volta

» "19' hltenng

o AN
ports pro
B
PORT_ASB

EXTRA

| The center por
give access tuo
when,
>

J

SWCLK pullup.

e

§

COMBO JACK

 These resistors and capacitors couple IU“v is another GD25Q016C Flash § &
analog outputs AB/PAB2 and A1/PABS chip. It’s the CIRCUITPY drive
to R and L channels of the phone Jack.l that shous up when you plug 3
A7/PBB4 is rau s1_g\al {rom mic mput. In in! It’s on a dedicated QSPI

A bus (PB18, PBi11, PAB8B-PA11).
+MIC PREAMP \ -L K' L B IC ircuitPy uses this internally;
U7 is a MAX4468 amp Arduino can use it uwith SCK 35,

: F"' Q
j for an inline electret —4 B I B |05 36 and data lines 37- -40. "{EOLOPHON

. " " 4 o N AR IR N LS e G
i . AR The Open Book by Joey Castillo
g \ & e A m1c (amphhed sxgnal...l t— : 8 it B )
‘ a2 N e £ o P Iu B, mo wae == BUTTON REGISTER{ ?l ! F [pé?ffeggsehdgfru?(s: a?esc?f;ge
a e LA (VL & c a1 U5 is a 74165 8-bit L i - lopen source designs! 0S0 logo

-
1N mic

to SWD interface

R7
block about SWO.

DEBUG PORT

c

See note

onnector and test
oints

Huﬁ. (S |Fel"’1}e bead shift register. It takes & lazer bear by Joseph Deven_::,
FB2 isolates the state of 7 of the @DoctorDevens. Thanks to Tom

others. Hade unh @ in BK & T

ENABLE SWITCH

R1 up top pulls EN high.

/5el/Prev/Next) and fits }

U7 3
R EL gmGND from BND. | board’s buttons (L/D/U/RL o o o by FE1 F’Sh L5 eens it Ot ark & aany

V I I I P A PIT - (AN 'v BEEE ! E“h = |them in a single byte.
N, A o SR _.on A10/PAD7. Turn | e , Wsics: :

e |Is this the most useful info?

® the amplifier off by
setting D48/PB31 hxgh |
This also owers doun
the rn1c ias ‘A
circuit @) R21-C33¢4)

to save some pouc—‘r.

E: PB31 can do SHO. f you
d it (tho you prolly don ]

]
)

Sut trace btun 9832. &
SHON, &
tie
SHON t
DISA lo keep t
mp on Cor oH). DIS

D4S/PBE30

BUTTON_CLOCK: D53/PB14
FBUTTON_OUT:

BUTTON

LATCH: D43/PB12

1:
2:

Left
Douwn
Up

: Right \J'

4:
o H
6:

Select)
Previous

72 SD >
card e
detect

witching SW1 pulls EN

< [RESET BUTTON %

|R8 pulls RESET hlqh
Btn pulls it

Ilou. Ci3 is a

filter cap. R
Idischarges

bt < |C13. Double

tap for UF2
|boot10ader.

lou, disabling puwr

pply UL along with

mom of the board.
o
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Open Book Abridged
Optimizing for DIY builds

> r a - -'mn » = = 2 = -

g .
:
|

: i = C . = =i PR e
mn®2mm 4, Lock Btn. |l O © B 0™ o3 goard Power () R

“J Starting with C1, meit ~ o~ &8 Z3
=757 a blob of solder en
one pad, then use your
2 [ tWeezers to move B
___ the part into place
=" while the solder
is molten.
Ensure part
Use the same alignment.
process you used | |Then solder
with the Pi Pico the other pad
module to solder of pads.

the eight pins on
the left as well IGNORE,

a5 the two mount OPTIONAL!

points at the top
end bottom right.
The display's flex
cable will plug

in to this module.

|u2 —_—

— |Place R1/R2 for current limiting
an J1/J2 (i.e. to drive an LED).
OR bridge JP1/JP2 closed to wse
R1™ ™ ©=~ g2 without pro-
% 2 tection 8:

:':] C71 for a button

1Pl w2 or SHitCh).

Tape
— = | 9. Battery Holder | flex

Place the battery holder on this side. aligning the peg in
the bottom of the holder to the hole at the bottom right,
and then solder each of the four pads onto the board.
When installing batteries, note which terminal is the

~ positive (+) terminal, and which is negative (-)!

o

= The Open Book takes two AAA batteries. While you can use
normal 1.5 voll akisline batteries, rechargeatle 1.2V NiMH
batteries are highly recommended. Note that the Open
Book does not contain a battery charging circuit; you will
need to remove the NIMH cells and charge them using a

l NiMH battery charger (available st most grocery stores).

The Open Book: Abridged Edition

Melt a blob of solder onto This is a Simpl"ied version of the ODCH BOOE,
ane of the pads. then melt |optimized for lower cost and simpler DIY
£ it again as you place the assembly. Follow the instructions, starting at
switch on the footprint,|the bottom left and moving counter—clockwise,
The pin should bond| then after step 9 continue on the front side. 2. Reset button

to the board. Then |This Open Book was made by: Do the same for the
solder the other two g L Reset button, lakmq s
pins. Note that UP care to make sure it| _ | -
is the ON position. is aligned with the e
edge of the board and the NERSEESESENEN

Sponsored by THIS IS THE BACK SIDE! | pressy bit is facing out.

PCBwa ” 9 If you are installing through—hole buttons, fjﬂ- __
i > = 4 do not insert the buttons on this side! B S R
o‘ ')- 5

s : e "i,,.;" Same a5 you did

= 5. Flash Chtp the Reset button
g Alignment matters here! Pin 1 of
B the chip has a dol. Align the dot
Semmilo the Pin 1 =5 ==
arrow at the o™ < =
bottom right,. ™Y T ¥
Solder all pins, as
well 35 R3 and C3. p=—m

6. SD Cerd Slot R3
Place the SO card slot on the
footprint. Once aligned, solder
one of the four mounting pads
at the top or bottom. Solder all
the remaining mounting pads and

111
e. USB port up. with the pads.
(
hat
but (

:
|

LLLLLL]

7. Raspberry Pl Plco

|der the E~Paper

into place. Solder all
der you like. Note t
the documentation,

(U2) just to the right.

=
d

y align the modul
Solder the bottarn center pad, and check that all the
ads still Line up. Once they do. solder the tap

ou will use an identical process to so

left pad to lack the module

remaining pads in whatever or
this will cover up this step in

Carefull
other p

yo!

driver module

= Insert them from the front side.
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Open Book Abridged
Optimizing for DIY builds

* Larger passives and exposed
pins for easier soldering

5. Flash Chip |the Reset button

Solder pin 1 (marked by a dot

on the chip) to pin 1 here. Move
the chip until - o
aligned, then _if7 ="

solder all pins “» :.:

as well as R3 & C3 ""(-'
( 3 PIN
[oPe: &

6. SD Card Slot

Place the SD card slot on the
footprint. Once aligned, solder
one of the four mounting pads
at the top or bottom. Solder all
the remaining mounting pads and
pins, in
addition to
C2 and R&4.

TITITE

N O
N

I-
-

eocceccoll

5l

Ql
Steps 7—-8 are this way —




Open Book Abridged
Optimizing for DIY builds

* Larger passives and exposed
pins for easier soldering

Using a friendly module like the
Pi Pico make it easier for folks

o . $
ooafr 4. Lock Btn.
—Same as you did|' K

5. Flash Chlpthe Resctybutton

Solder pin 1 (marked by a dot
on the chip) to pin 1 here. Move
the chip until " Se
aligned, then 'Y =

solder all pins

as well as R3 & C3. ?"(-l -

R3 PIN
6. 5D Card Stot o (i P!y

Place the SD card slot on the
footprint. Once aligned, solder
one of the four mounting pads
at the top or bottom. Solder all

the remaining mounting pads and :

pins, in
addition to
C2 and R&.

; Mnm @
l'l'l Al ﬂ(




Open Book Abridged
Optimizing for DIY builds

* Larger passives and exposed
pins for easier soldering

* Using a friendly module like the
Pi Pico make it easier for folks

 Have a fine pitched part? Put it
on your own castellated module

and PCBA that!

Starting with C1, melt

: P a blob of solder on
E— ——=** one pad, then use your

Paper C1QZ -_— tweezers to move

o the part into place
Driver == while the solder
Module !;:li,s molten.
() When solder
the other

pad or pads.




—
o

Open Book Abridged QU o o e ©

5. Flash Chip [the Reset button e g} "R a blob of solder on
Solder pin 1 (marked by a dot I o) : c1 9one Pa‘:;‘::;:fs“:: )r,r?:;e
on the chip) to pin 1 here. Move| o (izs - I e ettt
- - - - the chip until e e _ the part into place
% aligned, then . Tt o : : L== while the solder
imizing for uilds L Eh s o AN
; as well as R3 & C3 —(-l e soox- {F 1] FAcaiSoNE
. . y - : : » c2-01 5 [he other

R3 (o A 9'2 W T Bl 1 % . pad or pads.
IGNORE.

6. SD Card Slot

Place the SD card slot on the
footprint. Once aligned, solder

one of the four mounting pads

at the top or bottom. Solder all |,
the remaining mounting pads and

* Larger passives and exposed gl
pins for easier soldering

soccccce |l
ESRTERT

These parts’

Y DL A 3 g 5D2 current limi
' . C_ and overvol
. R1 W=y . WupR2 protection f
AL > : = , J1&)2, alth
: "y Jeie »AJP2

Steps 7-8 are this way — v you can om

them and s«

* Using a friendly module like the e

use J1 «
J2 witho

Pi Pico make it easier for folks gli ] A ST, . -

* Have a fine pitched part? Put it A 4. |
on your own castellated module o I e

one of the pads, then melt [optimized for lower cost and simpler DIY

LV G ey it again as you place the assembly. Follow the instructions, starting at '
EECT Y = switch he footprint.| the bottom right and moving counter—clockwise,
a n d P( : BA th at' o v e S:"'%,c ‘,’,’;‘ntsﬁou".‘(’, ‘;,:,‘,d then after step 9 continue on the front side. 2. Reset button ..
" DL, ﬂ‘ to the board. Then Do the same for the &
AN e ~*s solder tlie other two Reset button, taking

=, Pins. Note that UP care to make sure it
- 'is the ON position. is aligned with the
‘ edge of the board and the
pressy’ bit is facing out.

- WY { |
® | ¥ : H | AR &> If you are installing through-hole buttons,
Se e SI screen O r e M | &, ~" 49 do not insert the buttons on this side!
Rt WS | &/ %= Insert them from the front side.

assembly instructions! ot b i % 2 BT

' CC-BY-SA 4.0
/) by joey castillo (except for the bear!)
' 0S0-B00OK-C1-03




This trail leads to...

Building the device yourself? 1. The On/0ff switch

» Use the silkscreen for directions Melt a blob of solder onto

to the person building it one of the pads, then melt
it again as you place the

switch on the footprint.
The pin should bond
to the board. Then
solder the other two
pins. Note that UP
is the ON position.




This trail leads to...

Building the device yourself?

* Use the silkscreen for directions I 2. Reset button ’
to the person building it I Do the same for the | §
Reset button, taking | &= 5
care to make sure it | _ |
is aligned with the

l
-

edge of the board and the &
‘pressy’ bit is facing out. |

N



This trail leads to...

Building the device yourself?

!

== 3. Board Power
Starting with C1, melt

 Use the silkscreen for directions . ga—r> 3 blob of solder on :

to the person building it ; one pad, then use your §

Q2 r—— ‘weezers to move §

= __ the part into place}
L— while the solder

= is molten.
?

Ensure part
se the same alignment.

)rocess you used Then solder
ith the Pi Pico the other pad

nodule to solder or pads.
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ThlS trail |eadS 10... QUEE . oo | S Ty e

5. Flash Ch|pthe Reset button| p . { ‘-ﬂ P 2 blob of solder on

Solder pin 1 (marked by a dot Sl 3 one pad, then use your

4 A p Ll LD . tweezers to move
on the chip) to pin 1 here. Move ' e part into place

- - - ~ the chip until _, =, | - . - : i "L uhile the solder
: aligned, then W07 = \ z z.:_'] is molten.
solder all pins “» — = . g L L . [ I
| . e | hen solder
: as well as RS & C3. Wk ; £ 3 [the other
4 R3 CEN PIN e g | P e P foripats
6. SD Card Slot 1 0 [ A et = !’| | [ra [GNORE
Place the SD card slot on the ) -’uu pn = 8 =58
footprint. Once aligned, solder 2 : 1 . '
one of the four mounting pads

at the top or bottom. Solder all |,
the remaining mounting pads and

* Use the silkscreen for directions R - i
to the person building it

soccccoell

These parts

‘g ] 015 3 ﬁ. 5:D2 current limi l‘ﬁ

_ and overvol
R1 wiu¥ . WizpR2 protection f

y . ' 5t?}>?7—8 are this wa-)'- s U an! M1 B3P ;,;5:‘}';,?{“
= e e e T ey JP1 or .
e |t’s super effective! —— ———— %

use J1 ¢
J2 witho
protectioii.

" {1, The On/Off switch |The Open Book: Abridged Edition

‘" IMelt a blob of solder onto |This is a simplified version of the Open Book,
one of the pads, then melt |optimized for lower cost and simpler DIV
it again as you place the assembly. Follow the instructions, starting kat
—— int.| the bottom right and moving counter-clockwise,
. ’;m%;t; ‘,’,';',.";ﬁofﬂf,t%ﬂ‘,ﬂﬁ then after step 9 continue on the front side. 2. Reset button

: . to the board. Then |[This Open Book was made by: Do the same for the =
= puggeeasiis YT i
<. pins. Note tha ® - wt // care . i
& "N_"' is the ON position. / o‘ is aligned with the

edge of the board and the

' THIS IS THE BACK SIDE! | ‘pressy bit is facing out.

&> If you are installing through-hole buttons,
~" 49 do not insert the buttons on this side!
%=" Insert them from the front side.

‘.,‘ s . o . :?e Opea B:oi-h
- ODDII SPECIAC OBKCTS : , . e O BY=5A 4.0
) by joey castillo Be5 it od Tan {except for the bear!)




This trail leads to...

Building the device yourself?

e Use the silkscreen for directions
to the person building it

e |t’s super effective!




This trail leads to...

Building the device yourself?

e Use the silkscreen for directions
to the person building it

* |t’s super effective!




This trail leads to...

Building the device yourself?

gunthetic Perennial
by Vivianni Glass

K*Mori has died ence alreadd.
Brousht back to life, she struoaales

 Use the silkscreen for directions | ROt
to the person building it -

e |t’s super effective!

o, A

: The Open Book
ODD" SPEG"C OgKC[g 2 7 o with R&Spberry Pi Pico

5904064 _Y2

9
P




This trail leads to...

Building the device yourself?

e Use the silkscreen for directions
to the person building it

* |t’s super effective!

e Much likelier to lead to a
successful build




This trail leads to...

Building the device yourself?

e Use the silkscreen for directions
to the person building it

e |t’s super effective!

e Much likelier to lead to a
successful build




What about self-documenting
boards that come preassembled?
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AKA: not building it yourself
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CONVERTER
cioe L1l U R7 = . 1l R6
| a3
ozCii[’ N =

B N R B

ﬂﬂnﬂﬂv‘ﬂnr‘nﬂncc
s a. L L - -

functional blocks... | A B.~ ?

CHARGER

c2( ) L
BACKLIGHT BOOST

e ...that match what’s in the ECN i Il p(eAckucHTS
schematic . . | | |

IBELTSE2 MR /SHRBSRIWP -]
SEID45 Lq‘ :'C")'st'aD *Ir +3 F
e 15HT 7 cost converta: : Rev madifies component values to
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This trail leads to...

Making use of the device!

* Pin assignments and notes on
how to develop for the device!

 True facts: | use this a ton
when writing my firmware!

e |t’'s an affordance both for me
and for users of the device.

K>
DO
LW
g
H:
i 1 4
¢ 0
'wE
.ug
g
.lﬂﬁ
z
15 |
03
U3
kE
05
0¢
£
M

®

GPIO1]

GPIO12
GPIO13
GPIO14
GPIO17
GPIO18
GPIO2]

GPIO35
GPIQ36
GPIO37

POWER
SUPPLY

MICRO SD

—
(2]

“iIce CARDSLOT BEL

CHARGER
c2@F) 1351 Rik4

T = [0

U4k R3 R&

BTN_LOCK
BTN_NEXT
DISPLAY_BUSY
EN2

MOS!

5CK

MISO

5D_CD
BTN_PREV
IO_A

I0_B
BTN_LEFT
BTN_UP
BTN_DOWN
BTN_SELECT
VBAT (1/2)
VBUS (2/3)
BTN_RIGHT
DISPLAY_C$S
DISPLAY_DC
SD_CS
DISPLAY_RESET

QODDIY BP(CIAC OBKCIE

by joey castillo

R15

GPIO423
GPIO44
GPIO44
GPIO47
GPIO48

A stor nex! to o pin indicates thal the pin is
an RTC pin, which means thal it is usable in
the Open Book's low power made. All
butions can be read in low power mode, os
well os the SD card detect SD_CD, the GPIO
ports, and the power monitors YBAT & VBUS.

GPIO poris A ond B are powered by the
always-on 3.3V regulalor, but the 2C port is
powered by the switched peripheral pawer
controlled by pin EN2. There is no access o
I2C devices in low power mode.

By default, GPIO43 and 44 are the ESP32.53's
UART pins, which can offer useful diagnostic
information at boot via the STEMMA.QT port.
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This trail leads to...

Making use of the device!

* Pin assignments and notes on
how to develop for the device!

 True facts: | use this a ton
when writing my firmware!

e |t’'s an affordance both for me
and for users of the device.

* Works on boards of (many?)
shapes and sizes.
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This trail leads to...

Making use of the device!

* Pin assignments and notes on

how to develop for the device!

* Jrue facts: | use this a ton
when writing my firmware!

e |t’s an affordance both for me
and for users of the device.

* Works on boards of (many?)
shapes and sizes.
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Self-documenting
circuit boards...

 Add immediate context to the
hardware you have in hand

N le nﬂ Ul s

BATT LOAD 5V IN = I
B B8R 88rR2 @ 8cC
B 8R4

0SO-MISC-23-006
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Instructions:

« Connect VIN to @ 5 volt input.
« Connect BAT to a 4.2V LiPo.
« Connect LOAD to the device.

You can use the JST connectors
OR the terminal block, but
@ you do not need to use both. CHARGING |

@ Resistor R2 sets | Charge Indicators:
@ the charge rate:

Close JP1 to make

the Charging/Done
1K — 100 mA LEDs show status.
ODDLY 8P¢CIFIC OBJICIS

LiPo Charge Controller




Self-documenting
circuit boards...

 Add immediate context to the
hardware you have in hand

Create a self-contained artifact

* Are user-hackable by default
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Self-documenting
circuit boards...

 Add immediate context to the
hardware you have in hand

 Create a self-contained artifact
* Are user-hackable by default

* Pairs nicely with code that
makes use of the same names

AG/TSEN: Paos PAZ3/17

A2/1S; PB02/ADC] 10;
AL/RX: PBOL/TC3.1/5).3

BTN_MODE: X
"
o

A‘/TX PGOMC3 0/332 ‘
A NN&\G? ®

/12 RVC.INT

i ?l\ \"’V - ‘v‘ — ] - ."1 = _ﬂ't“"l. ™ '\\‘} - ‘_J l:v‘l)
alA («FPI1() FIN
| S 11 L ) ! oA
] N ot 3 - s 8 e 8 W
" e ’ Tm— - I E— ’ ’

HAL_GPIO_PIN(BTN_MODE, A, 23)
| GPIO PIN(BTN ALARM, A, 2)
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Questions to Ask

How can we do even better?

 How do | imagine other people
making use of the device?

 What affordances am | offering in
the service of those use cases?

e What information would | want to
give to a novice user of the
device”? An advanced user?

* Can | tell the story of the device
in a way that makes sense?




Comprehensible Open Hardware
Joey Castillo

Oddly Specific Objects: oddlyspecificobjects.com
The Open Book: theopenbook.is

Sensor Watch: sensorwatch.net
Fediverse: mastodon.social/@joeycastillo
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