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(c) Udo Elger

Udo's Worksheet
AR-17 - EXPERIMENTS WITH FUNDUINO CUBE ESP32 DEVELOPMENT BOARD

STEM —

EXPERIMENTS WITH ON-BOARD COMPONENTS
SHEET EXP. DESIGNATION

004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020

27

BOARD LAYOUT
NANO TO ESP32 ADAPTER

1. LED1, LED2, LED3

2. PUSH BUTTON WITH PULL DOWN RESISTOR

3. PIR SENSOR ( PASSIVE INFRARED MOTION SENSOR )

4. PASSIVE BUZZER (SPEAKER )

5. ULTRASONIC SENSOR HC-SR04

6. 12 PIXEL RING MODULE WITH WS2812B

7. MICRO SERVO

8. IRREMOTE CONTROL WITH VS1838B SENSOR

9. LIGHT DEPENDENT RESISTOR, LDR ( VOLTAGE DIVIDER )

-
o

. POTENTIOMETER ( VOLTAGE DIVIDER )

. OLED DISPLAY 128 x 64

12. ACCELEROMETER & GYROSCOPE MPU6050

13. TEMPERATURE & HUMIDITY SENSOR DHT11

14. BLUE TOOTH CONTROLLED LED, WS2812, SERVO

15. WIFI & BROWSER CONTROLLED LED, WS2812, SERVO & SOUND

[N
-

EXPERIMENTS WITH ADDITIONAL EXTERNAL COMPONENTS
SHEET EXP. DESIGNATION

021
022
023
024
025
026
027
028
029
030
031
032
033

17
16
15
12
12
5
27
27
52
27
52
1
20

16. CHARLIEPLEX-STYLE PATTERN DRIVER 5 PIN FOR 6 LED

17. CHARLIEPLEX-STYLE PATTERN DRIVER 3 PIN FOR 6 LED

18. LED DRIVER CIRCUIT WITH 5 PIN FOR 5 LED IN SINK ( LOW = ON)
19. PUSH BUTTON WITH PULL-UP RESISTOR AT GPI04 & GPIO13
20. PUSH BUTTON WITH INTERNAL PULL-UP AT GPIO4 & GPIO13
21. BLUE LED (SINK) - RED LED (SOURCE)

22. COMMON ANODE RGB_LED

23. COMMON CATHODE RGB_LED

24. WS2812B PIXEL RGB_LED

25. ELV PROTOTYPE ADAPTER: COMMON ANODE RGB_LED

26. ELV PROTOTYPE ADAPTER: WS2812B PIXEL

27. ELV PROTOTYPE ADAPTER: POTENTIOMETER & VOLTMERTER
28. FIVE BUTTON KEYES KEYER-AD-KEY K845037

...NOTE: THE CORRESPONDING SOURCE CODE IS AVAILABLE FOR EACH EXP. 003 A

EXPERIMENTS WITH ADDITIONAL EXTERNAL COMPONENTS CONT.
SHEET EXP. DESIGNATION

034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064 - 074

7
16
14
21

A O N N N DN DNDNDOaOONDNDDNDNDDNDDNDMDNDMDNMNDNDMDNODDNODDN

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
ADDENDUM: ESP32-WROOM-32 GPIO PIN DESIGNATIONS

LOGIC GATE SIMULATION

KEYES: LED MATRIX (8x16)

8 x 8 LED MATRIX 1088AS

4 x 8 x 8 LED MATRIX 1088AS

8 x 7-SEGMENT DISPLAY HW-179

4 x 7-SEGMENT DISPLAY 3461BY / TM1637

LCD DISPLAY 2 x 16 CHARACTERS - 1602 12C MODULE

ELV PROTOTYPE ADAPTER 7-SEGMENT DISPLAY WITH CD4543
ELV PROTOTYPE ADAPTER INCREMENTAL ROTARY ENCODER
INCREMENTAL ROTARY ENCODER KY-040

AEAK INCREMENTAL ROTARY ENCODER

DUAL AXIS XY ANALOG JOY STICK KY-023

TEMPERATURE MEASUREMENT WITH (10k at 25°C) NTC KY-023
TEMPERATURE MEASUREMENT WITH LM35 ANALOG SENSOR
TEMPERATURE MEASUREMENT WITH TMP36 ANALOG SENSOR
TEMPERATURE MEASUREMENT WITH 18B20 DIGITAL SENSOR
MAGNETIC FIELD REED SENSOR KY-021

MAGNETIC HALL-EFFECT DIGITAL SENSOR KY-003 / A3144
MAGNETIC HALL-EFFECT LINEAR ANALOG SENSOR KY-035 / A49E
CJMCU-103 0-333° ROTATING ANGLE SENSOR
MAGNETOMETER GY-271 (QMC5883L) COMPASS
TEMPERATURE & BAROMETRIC PRESSURE SENSOR GY-68 / BMP180
TEMPERATURE & HUMIDITY SENSOR GY-21

TEMP., BAR. AIR PRESS. & ALTITUDE SENSOR HW-611 / BMP280
ENVIRONMENT LIGHT SENSOR GY-301/BH1750

FD9-16 FORCE SENSOR 0 - 2 kg

CAPACITIVE TOUCH SENSOR TTP223B

16 CHANNEL CAPACITIVE TOUCH SENSOR TTP229

VARIOUS H-TRIGGER & L-TRIGGER RELAY TOGGLE SWITCHES
CW & CCW MOTOR CONTROL WITH SOFT- & HARDWARE PWM

BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.
AR-17 A4 | udo@elgers.com I ue-ERT20260411-01| 11-APR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
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| EXTERN1 | | EXTERN2 | | EXTERN3 |
| R 1 0 i
j P AL j
! 88! ! 28! ! | Externe
| sl g2 | | 8 % | **ONTHE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
1228 1122881122881 BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.
I A A I A ESP32 CUBE DESIGNATIONS
/ EXTERN 1 EXTERN 2 EXTERN 3 \ SVvP (AO) NC
) 5o =g (e [ NQI? e ESP>Cube GPIO02 = (A1) EXTERN 3
o =5 o 8¢ o S5 5 o P oND GPIO04 = (A2) EXTERN 3
623833 Go&EX 6355 5 ) 27-o11 GPIO33 = (A3) DHT11 TEMPERATURE / HUMIDITY
DHT 1 coo0o coo0o cooo 9=no [5 J 26-010 0 GPIO21 = (A4)(SDA) OLED, GYRO, EXTERN 1
10=D1 k* *J 19=D9 GND
O sv T T T e > P o1 GPIO22 = (A5)(SCL) OLED, GYRO, EXTERN 1
COEDE bEEE BEEE o o o LS GPIOS4 = (16) POTENTIOMETER
NI N\ T/ N/ s3=nsfe ) 1606 GPIO35 = (A7)LDR
cooo cooo coe OJ] 21=n4 ko =4 1505 LED2 2 GPIO09 = (DO)SD2 - EXTERN 2
N s e oo suTTON GPIO10 = (D1)SD3 - EXTERN 2
. o P e GPi027 GPIO19 GPIO12 = (D2) IR RECEIVER TL1838 B
o
s2s2 5 N 5 GPIO13 = (D3)SERVO
GPI033 . 232 0 s GPIO14 = (D4)WS2812 PIXEL RING (12 PIXEL)
- 228 - GPIO15 = (D5) ULTRA SONIC ECHO
MPUB050 6 GsE& 0 _m_ GND
5 923 - D10 GPIO16 = (D6) ULTRA SONIC TRIGGER
: 0 E3g 5 oPi02e GPIO17 = (D7) PASSIVE BUZZER (SPEAKER)
. 0 0 GPIO18 = (D8)PIR
) (b . I oo GPIO19 = (D9) PUSH BUTTON (NO)
5 850 GPIO26 = (D10)LED3 - GREEN
= GPIO27 = (D11)LED2 - YELLOW
GPIO23 = (D12)LED1 - RED
|—'\—GP|021
GPIO:;
L
F l l n dUIn O CUBE NANO EQUIVALENT-
GF")I§18
[
Trrri °
| o
Doono (o} sp3 - (D1)
8 (D5) - : (-] - (Do)
(A1) - (- - (D3)
(<] - (GND)
© e GND (A2) - (-} 1012 - (D2)
)
OLED 128 x 64 55 (D6) - (-] 1014 - (D4)
(D7) - (-} 1027 - (D11)
SPEAKER
8 o | | GPIO17 (<1 1026 - (D10)
o Zsgg (D8) - (o1 1025 - (D13)
& © S YY3 (D9) - . (o} 1033 - (A3)
S e 2 3 T © m = (GND) - g2 [} 1032
220 & ° Z03X (Ad) - 348 (o1 1035 - (A7)
() © 2 S5Io 229
%08 o2s (-1 1034 - (A6)
A7 goS ©
Q?P (A5) - EEE (o] - (A0)
MJ—@ ) (o12)- = =0
(GND) - (o1 3v3 - (+5v)
POTENTIOMETER LDR TL1838 B HC-SR04 [ ]
\ @ 9

STEM

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260325-02 I 25-MAR-2026
004 A FUNDUINO CUBE - WITH ESP32 DEVELOPMENT BOARD
1/0 INTERCONNECTIONS
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Lm0

[« 2¢)
o0

NANO CUBE DESIGNATIONS

OO0O0DO0D0D0DO0DO0DU0O0>»>»>» >» > >>>
®NOOORARWN=2O OO A®WN-O

e}
=
o ©

D11
D12
D13

NC
(D15) EXTERN 3

= (D16) EXTERN 3
= (D17) DHT11 TEMPERATURE / HUMIDITY
= (SDA)OLED, GYRO, EXTERN 1

(SCL) OLED, GYRO, EXTERN 1
POTENTIOMETER (VOLTAGE DIVIDER)
LDR (LIGHT DEPENDENT RESISTOR)
RX EXTERN 2

= TX EXTERN 2

IR RECEIVER TL1838 B

= SERVO
= WS2812 PIXEL RING (12 PIXEL)

ULTRA SONIC ECHO
ULTRA SONIC TRIGGER
PASSIVE BUZZER (SPEAKER)

PIR

PUSH BUTTON (NO)
LED3 - GREEN
LED2 - YELLOW
LED1 - RED

ON-BOARD LED

NANO TO ESP32 ADAPTER

(ESP->Cube D

Funduino Adapter ESP->Cube

o 5 ESP32 -> Cube 5 Iy »:-p2 @

Yy - = K3l 27=D11 @
W o-po o) © AN e g 26=p10 @
Wo=-p1 CY © é © < Kf 19=p0 @
O 2=n1 8 = n £ o Kl 18=pg @
[SEVEYYY o NG ) ; © EYi7-07 B
M= © co © [lie=ps @
[SPTEYYE O O 2 © kY 15=05 O
E22=ns L8 = § 3 o Kl 14=D4 @
Oaa=nc fell © S o o fKdl 13=p3 @
Oss=a7 8 © -5 o Kk 12=p2 O

o S @ O Ol O

i o 3 o © B

o S N Ol o

o ) O g5 ) o

Qe

[ m T o

] o

o o

] o

CUBE NANO EQUIVALENT-

CLKOQFET"J REM

CMD

D1 @ SD3 - (D1)

(D5) - 1015 o L sD2 - (D0)

(A1) - 102 o3 éﬁgﬂ 1013 - (D3)
100 o | ° F GND - (GND)

@ T

(A2) - 108 o oo 8 1012 - (D2)

D6) - 1016 ] 1014 - (D4)

(D7) - 1017 E;ﬂﬁﬂﬂ:ﬂ 1027 - (D11)
105 BEBBEBE68 1026 - (D10)

(D8) - 1018 1025 - (D13)

(D9) - 1019 1033 - (A3)

(GND) - GND 1032

(A4) - SDA 1035 - (A7)
RX 1034 - (A6)
™ ESP32 SUN

(A5) - sCL SVP - (A0)

(D12)- 1023 EN

(GND) - GND 3V3 - (+5V)

O o)

M 1023-37-[°]
[JGND-38-[¢]

ESP32 CUBE DESIGNATIONS

SVP
GPIO02
GPIO04
GPIO33
GPIO21
GPI022
GPIO34
GPIO35
GPIO09
GPIO10
GPIO12

GPIO13 =
GPIO14 =

GPIO15
GPIO16
GPIO17
GPIO18
GPIO19
GPI1026

GPI027 =
GPIO23 =

[ J
B cik-20-[]

of: :fe

STEM —

ESP32

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

(A0) NC
(A1) EXTERN 3

(A2) EXTERN 3

DHT11 TEMPERATURE / HUMIDITY
(SDA) OLED, GYRO, EXTERN 1

(SCL) OLED, GYRO, EXTERN 1
POTENTIOMETER (VOLTAGE DIVIDER)
LDR (LIGHT DEPENDENT RESISTOR)
SD2 - (D0) EXTERN 2

SD3 - (D1) EXTERN 2

IR RECEIVER TL1838 B

SERVO

WS2812 PIXEL RING (12 PIXEL)

ULTRA SONIC ECHO

ULTRA SONIC TRIGGER

PASSIVE BUZZER (SPEAKER)

PIR

PUSH BUTTON (NO)
LED3 - GREEN
LED2 - YELLOW
LED1 - RED

B-{ IT IS STRONGLY RECOMMENDED TO AVOID USING THESES PINS

THESE PINS SHOULD BE USED ONLY WHEN IT IS ABSOLUTELY NESSESSARY,

BECAUSE THE BEHAVIOR, PARTICULARLY DURING BOOT, CAN BE
UNPREDICTABLE.

@ TOP PRIORITY PINS, WHICH ARE SAFE TO USE!

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260325-01 I 25-MAR-2026
004 A FUNDUINO CUBE - WITH ESP32 DEVELOPMENT BOARD
NANO VS. ESP32 1/0 INTERCONNECTIONS WITH ADAPTER
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LED 1

LED 2

LED 3

[}
[}
o [}
* |}
= [}
S ]
e =
[
= [}
& [}
g |
a ]
[}
L}

SNNENRENENERER
RETRO CIRCUITS
Udo's Worksheet

@ 23-L0w
LED1
@ 23 - HicH
@ 27=1ow |5
LED2 £
() 27 =HiGH |3
@ -Low
LED3
© 26 = HiGH
LOW = GND
HIGH = VCC

CLK
SDO
SD1
1015
102
100
104
1016
1017
105
1018
1019
GND

1023
GND

SOURCE CODE GENERATED WITH Al ASSISTANCE
Folder: ue_AR_17_Fd_Cube32_01...

_ 01: Led1 Flasher (red 1 Hz) - delay()
_ 02: Led2 Flasher (yellow 1 Hz) - delay()
_ 03: Led3 Flasher (green 1 Hz) - delay()
_ 04: Non-Blocking Led1 Flasher (red 1 Hz) - millis()
_ 05: Non-Blocking Led2 Flasher (yellow 1 Hz) - millis()
_ 06: Non-Blocking Led3 Flasher (green 1 Hz) - millis()

=

_ 07: Led1, Led2, Led3 Flasher (red, yellow, green 1 Hz) - delay()

_ 08: Led1, Led2, Led3 Chaser - delay()

_ 09: Non-Blocking Led1, Led2, Led3 Chaser - millis()
_ 10: 3 Led comulative forward & reverse - delay()

_ 11: Led1 Flasher (red 1/2 Hz) - delay()

_ 12: Led1 Flasher (red 5 Hz) - delay()

_ 13: Led1 Needle Flasher (red 1 Hz) - delay()

_ 14: Led2 Offshore Obstruction Warning Light Flasher
_ 15: Led2 SOS Morse Flasher

_ 16: Traffic Light (USA sequence)

_ 17: Traffic Light (CN sequence)

_ 18: Traffic Light (EU sequence)

_19: US Police Car Roof Flash Lights 1

_ 20: US Police Car Roof Flash Lights 2

_ 21: US Police Car Roof Flash Lights 3

_ 22: US Police Car Roof Flash Lights 3 (code option)

_23: LED2 Fade IN and OUT by using PWM

_24: Smooth LED2 Fade IN and OUT with Gamma Correction

_25: Extra Smooth LED2 Sine Breathing IN and OUT
_26: Extra Smooth LED2 Cosine Breathing IN and OUT

_27: Two Extra Smooth LED2-LED3 Alternating Sine Breathing

STEM

O o O

VIN
cMD

o [

o _uunn SD3

EE L sD2

m 3 E

= E 1013

m | ° F GND

o

o oo 8 1012

titacme ofon
1027

pogogegag 1026
1025
1033
1032
1035
oo | [z] [=
ESP32 SUN sl 18] g

svp
EN

3v3

LED3

LED2

LED1

GPI023
GPIO27

LED 1 RED
LED 2 YELLOW

o U_|—|_|—|_‘ o g;y; vz

GPIO26 = LED 3 GREEN

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260325-03 I 25-MAR-2026
006 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
27 EXPERIMENTS WITH LED 1, LED 2 & LED 3

ue_AR_17_Fd_Cube32_01_00.pdf
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D1 OND SOURCE CODE GENERATED WITH Al ASSISTANCE
spio2s m_‘em o Folder: ue_AR_17_Fd_Cube32_02...
ED2 _ 01: Push Button State Read Out (0/1) at Serial Monitor
_ 02: Push Button State Read Out (Text) at Serial Monitor

GPIO27
qll ﬁ— GND
Q _ 03: Push Button State Indicated with LED1

_04: PB State Indicated with LED1 and Invert Indication with LED3
GPI026 JTI— oD | cPiote ) .
_ 05: Toggle Switch LED3 ON/OFF, PB Debouncing (delay)
_ 06: Toggle Switch LED3 ON/OFF, PB Debouncing (millis)
_ 07: Push Button with Timer (5 sec. delay off)
_ 08: LED2 Brightness (PWM) with Push Button

|— 3V3

LED 3

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

|
l-—\ 19 = LOW
-
2
PB g
- (] [ O
k- 19 = HIGH CLK |§| |§| VIN
SDO o D] CMD
Sb1 m SD3
1015 uE E SD2
@ -.0w oo =3 o13
LED1 100 m F GND
@ 23 - HiGH oido 2 a 0 012
1016 Cm 8 1014
. 27 = Low | 5 1017 ﬁ @ 1027
LED2 2 105 FEEREELT] 1026
_ =) 1018 1025 p
O 27 - HlGH o L—— 1019 1033
GND 1032
. 26 = LOW SDA 1035 - » »
LED3 RX 1034 _ x
@ 26 = HiGH ™ ESP32 SN . e g
LOW = GND oz o GPIO19 = PUSH BUTTON - (NORMALLY OPEN NO)
B oo E/DSE/DZ o GPIO23 = LED 1 RED
HIGH = vce © O ghAgh ie GPIO27 = LED 2 YELLOW
oL GPIO26 = LED 3 GREEN

** PB PULL DOWN RESISTOR CONFIGURATION FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!

FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260326-01 I 26-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
8 EXPERIMENTS WITH (N/O) PUSH BOTTON

ue_AR_17_Fd_Cube32_02_00.pdf WWW.RETRO-CIRCUITS.COM
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GND

LED 1

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

BUTTON

LED 2

|— 3V3

LED 3

GPIO19

_,_
S
N
©

GPIO18
3v3
GND

PIR

CLK
SDO
SD1
1015
102
100
104
1016
1017
105
1018

HIGH

Low
-
2
PB g
I——<‘ 19 = HIGH
@ -.0w
LED1
@ 23 - HiGH
@ 27=1ow |5
LED2 E
() 27 = HieH |3
@ 2-Low
LED3
@ 26 = HiGH
LOW = GND

VCC

1019
GND

1023

(O]

m

s

°
T
a

Bt rm s

ESP32

nn

(@)

VIN
CMD
SD3
Sb2
1013
GND
1012
1014
1027

[}
1025
1033
1032
1035

SVN
SVP
EN

3v3

— | GPIO18
- |3v3

- GND—|

T
8~
10 k
200 R

**PB

LED3 |LED2 |LED1

/7 N2 N7
- - -
gn yw rd

** PB PULL DOWN RESISTOR CONFIGURATION

STEM —

SOURCE CODE GENERATED WITH Al ASSISTANCE
Folder: ue_AR_17_Fd_Cube32_03...

_ 01: PIR Sensor Read Out (0/1) at Serial Monitor

_ 02: PIR Sensor to operate LED2 (ON/OFF)

_ 03: PIR Sensor to turn ON LED2, Auto delay OFF after 10 sec.
_04: PIR Sensor activate LED1 Motion Alarm, reset with PB

GPIO18 = PIR

GPIO19 = PUSH BUTTON - (NORMALLY OPEN NO)
GPIO23 = LED 1 RED

GPIO27 = LED 2 YELLOW

GPIO26 = LED 3 GREEN

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260326-02 I 26-MAR-2026
008 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
4 EXPERIMENTS WITH PIR MOTION SENSOR

ue_AR_17_Fd_Cube32_03_00.pdf
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RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

8l 3V3
8| GP1034
] GND

POTENTIOMETER

GPIO19

BUTTON

GPIO17

= LOW

= HIGH

INPUT

CLK
SDO
SD1
1015
102
100
104
1016

—— 1017

105
1018
1019
GND

1023

(O]

m

s

°
T
a

Bt rm s

ESP32

nn

(@)

VIN
CMD
SD3
Sb2
1013
GND
1012
1014
1027
1026

1025
1033
1032
1035

e}
3
10k

POTENTIOMETER

SN
SVP
EN

V3 ——@

Gl
/—\

10 k

** PB PULL DOWN RESISTOR CONFIGURATION

|— 3V3

SPEAKER

SOURCE CODE GENERATED WITH Al ASSISTANCE
Folder: ue_AR_17_Fd_Cube32_04...

_ 01: Buzzer 150 Hz Tone

_ 02: Buzzer 150 Hz Tone, on/off cycle, with delay()

_ 03: Non-Blocking 150 Hz Tone, on/off cycle, with millis()

_ 04: US Police Siren (wail sound), with delay()

_ 05: Non-Blocking US Police Siren (wail sound), with millis()
_ 06: Non-Blocking fast US Police Siren (yelp sound), with millis()
_ 07: Non-Blocking US Police Siren (yelp sound), with millis()
_ 08: Star Wars - Imperial March Intro

_ 09: Happy Birthday Jingle

_10: Jingle Bells

_ 11: Offshore Foghorn

_ 12: SOS Morse Signal

_ 13: Naval "All Hands On Deck" Oscillating Siren

_ 14: Naval Destroyer-Class Ship Siren

_ 15: Electromechanical Bell Simmulation

_ 16: Fire Engine Wail Siren

_ 17: Tone Frequency Control with Potentiometer

_18: Tone Interval Control with Potentiometer

_ 19: Tone Control with Push Button

STEM

GPIO17
GPIO19
GPIO34

PASSIVE BUZZER (SPEAKER)
PUSH BUTTON - (NORMALLY OPEN NO)
POTENTIOMETER

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17

A4

udo@elgers.com I ue-ERT20260326-03 I 26-MAR-2026

009

A

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
19 EXPERIMENTS WITH PASSIVE BUZZER (SPEAKER)

ue_AR_17_Fd_Cube32_04_00.pdf
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HC-SR04 ULTRA SONIC SENSOR

—— GPIO15 —

GPIO21

GPI022

~
9o
[N
o

SPEAKER

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

8] 3V3 —

8| GPI034
8| GND —

POTENTIOMETER

SDO

= m

g 2 g 92 ! sp1

@ @ 3 S |
L} . 4= 4 _ = 1015
| 102
100
104
1016

i

. X |

i ' HC-SR04 ' | 5
: US RX USTX| | oK

i

—— 1017
105
1018
1019
GND
| SDA
RX
O ¢34z O ™
SCL
1023
GND
OLED DISPLAY O

o

geesngse [O]

B

-0 E

{f
{f
.

ESP32

nn

(@)

CMD

POTENTIOMETER

H0F

/1IN

[ s30R |
[ 200R |
200 R

LED3 |LED2 |LED1

\/- /= /2

rd

orl hHo

GPI027 m_@

LED 1

LED 2

GND

LED 3

STEM

SOURCE CODE GENERATED WITH Al ASSISTANCE
ULTRA SONIC SENSOR - Folder: ue_AR_17_Fd_Cube32_05...

_ 01: HC-SR04 Function Test with Distance in (cm & inch)
Read Out on Serial Monitor.

_ 02: HC-SR04 with Distance in (mm) Read Out on Serial Monitor,
Monitoring: Green LED : Distance > 500 mm
Yellow LED: Distance > 100 mm & < 500 mm
Red LED & Buzzer Alarm: Distance < 100 mm

_ 03: HC-SR04 Potentiometer Setting and
Distance Read Out in (mm) on OLED Display.
Potentiometer sets Alarm Threshold (100 - 500 mm)
Monitoring: Green LED : Distance > Threshold
Yellow LED : Dist. Between Threshold & Threshold/5
Red LED & Buzzer Alarm: Distance < Threshold/5

_ 04: HC-SR04 Potentiometer Setting, Distance Read Out in (mm)

and Distance Bar Graph Indicator on OLED Display.

Potentiometer sets Alarm Threshold (100 - 500 mm)

Monitoring: Green LED : Distance > Threshold
Yellow LED : Dist. Between Threshold & Threshold/5
Red LED & Buzzer Alarm: Distance < Threshold/5
(Alarm Buzzer Pulsing)
Use millis() timing instead of large delays.

THE HC-SR04 ULTRA SONIC SENSOR WHICH USUALLY COMES
WITH THE CUBE IS A 5V DEVICE. IT WAS WORKING DURING
THE EXPERIMENT, BUT THERE IS A 3V3 ALTERNATIVE FOR
ESP32 AVAILABLE. " RCW-0001 ULTRA SONIC SENSOR "

GPI021 = OLED Display SDA

GPI022 = OLED DISPLAY SCL

GPI034 = POTENTIOMETER

GPIO15 = HC-SR04 ULTRA SONIC SENSOR - ECHO
GPIO16 = HC-SR04 ULTRA SONIC SENSOR - TRIGGER
GPIO17 = PASSIVE BUZZER (SPEAKER)

GPI026 = LED3 - GREEN

GPIO27 = LED2 - YELLOW

GPI023 = LED1 - RED

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260326-04 I 26-MAR-2026
010 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
4 EXPERIMENTS WITH HC-SR04 ULTRA-SONIC SENSOR

ue_AR_17_Fd_Cube32_05_00.pdf

WWW.RETRO-CIRCUITS.COM



RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet

RETRO CIRCUITS
ESP32-WROOM-32

ENNNEEEEENEEER
Udo's Worksheet

1016
1017
105
1018
1019
GND
SDA
RX
>
SCL
1023

’7 GND

8] 3V3 —
18| GPI034
] GND —

POTENTIOMETER

(O]

-0

E
g

Eﬂﬂsﬂﬁ”:

ESP32

VIN
CMD
SD3
SD2
1013
GND
1012
1014
1027
1026
1025
1033
1032
1035
1034
SVN
SvP
EN

V3 ——@

WS2812B

POTENTIOMETER

SOURCE CODE GENERATED WITH Al ASSISTANCE
12 PIXEL WS2812 RING / Folder: ue_AR_17_Fd_Cube32_06...

_001-010:
_011-018:
_021-028:
_ 031-038:
040:
1:
042:
043:
044:
045:
046:
047:
048:
049:
050:
1:
052:
053:
054:
055:
056:
057:
058:
060:

04

05

06

062:
063:
064:
065:
066:
067:
068:
069:
070:
1:

07

=

Color Wipe

Pixel Chaser CW

Rotating Comet

Pixel Chaser CCW

Speed Controlled Red Pixel Stroboscopic Effect
Speed Controlled 3 Red Pixel Chaser (POT)

Speed Controlled 4 Blue Pixel Chaser (POT)
Speed Controlled 3 Red Pixel Block Chaser (POT)
Speed & Direction Controlled Red Block Chaser (POT)
Red Pixel Position Indicator Simulation (POT)

Red Pixel Level Indicator Simulation (POT)

Green, Yellow, Red Level Gauge Simulation (POT)
Speed Controlled CCW Rotating Color Fader (POT)
Speed & Direction Controlled Rotating Color Fader (POT)
Full Ring Adjustable HUE (POT)

Amber Flicker Lights - Road Service Truck

Blue Flicker Lights - German Police Car

Red/Blue Flicker Lights - US Police Car

Red/Blue Moving Lights - US Police Car

Aircraft Warning Flash Light

General Red Warning Light Flasher 1/2 Hz

General Amber Warning Light Flasher 1/2 Hz
Railway Level Crossing Warning Light with Fading Effect
12 Static Colors

: Floating Rainbow Colors

Smooth Floating Rainbow Colors

Color Changing Pixel Chasing Around (CW)

Color Changing Pixel Chasing Around (CCW)
Rainbow Color Wipe Around (CW)

Rainbow Color Wipe Around (CCW)

Rotating XMAS Theme (CW)

Red Fading Color Wipe (CW & CCW)

Smooth Red Fading Color Wipe (CW & CCW)
Smooth Rainbow Fading Color Wipe (CW & CCW)
Smooth Rainbow Floating Color Wipe (CCW)

STEM —

PIXEL 11 PIXEL 10

PIXEL 9 PIXEL 8 PIXEL 7

PIXEL 6 PIXEL 5

PIXEL 4 PIXEL 3 PIXEL 2 PIXEL 1 PIXEL O

GPIO14
GPIO34

= WS2812B RGB 12 PIXEL RING
= POTENTIOMETER

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17

A4

udo@elgers.com I ue-ERT20260326-05 I 26-MAR-2026

011

A

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
65 EXPERIMENTS WITH WS2812B RGB 12 PIXEL RING

ue_AR_17_Fd_Cube32_06_00.pdf

WWW.RETRO-CIRCUITS.COM



RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —

LED1 70 | SOURCE CODE GENERATED WITH Al ASSISTANCE
GPI1023
iI]]}—‘%ND SG-90 Servo / Folder: ue_AR_17_Fd_Cube32_07...
LED2 68 | O™ Servo Test with Potentiometer ( Poti )
GPI027 l]]] GND
g _ 02: Servo Test with Poti & Read Out at OLED Display
-19-VIN LED3 . . . " .
oM GPI026 ' QGND 67 | _ 03: Servo Test with Poti & LED Position Indicator
T17shs _ 04: Servo Test with Poti & WS2812 Position Indicator

-16-SD2
-15-1013
-14-GND
-13-1012 GPIO12 @]

=12-1014 GND @& @

-11-1027 V3 @1 GPIO13
3v3
GND

@ :

N
=

_ 05: Servo Test with IR-RC < OK > (0° 90° 180°)

_ 06: Servo sweep continuously 0°...180°...0° ( Radar )

TL1838 B

[o2]
N

_ 07: Servo sweep continuously 0°...180°...0° ( Radar )
Non Blocking, Ultra Smooth Version

=10-1026

N
N

GP1021

( )

GPI1022

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

N
&)

@
3
Q =}
Q =
g =

-
w

8| 3V3 —
8| GPI034
8| GND —

WS2812B

POTENTIOMETER

N
N

[e]

000000
000000

T©00000

000000000000000000

E7  exele pxes. 2 exELT  exeo
i
i DIN 28
H TL1838 «
' o
- ' (@) 0 o [e) a
HIeEE CE 9| 0
i wdo 2 CI o - www.funduino.de
_: 1015 : 3 E ID'ELE\ sD2 Servo 7 \ )
''''''''''''''''''''''''''''''''''''''''' 102 E E 1013; OR
100 E' O e F L GND @— reD— | H
104 o o 8 101 BRN—
1016 @ E;fl [m e 1014— GPIO12 = IR RECEIVER
1017 ggoooooe 1027 69 GPIO13 = SERVO
K‘;’Z :gzs GPIO14 = WS2812B RGB 12 PIXEL RING
[ ors it GPIO26 = LED3 - GREEN
O 8235 O oD 1052 & 71 GPIO27 = LED2 - YELLOW
eve soA 1035 B GPIO23 = LED1 - RED
RX 1034 » |2 x x© x© SDA = OLED DISPLAY SDA
0 ™ ESP32 Sw 1718 g 9 SCL = OLED DISPLAY SCL
scL svp 2 GPIO34 = POTENTIOMETER
OLED DISPLAY L— 1023 EN
GND 3v3 LED3 | LED2 |LEDI FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
) 0O V V z FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
O_|_|_,—|_O pey oo plien BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.
' ' AR-17 A4 udo@elgers.com I ue-ERT20260327-01 I 27-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD

012 A 7 EXPERIMENTS WITH MICRO SERVO

ue_AR_17_Fd_Cube32_07_00.pdf WWW.RETRO-CIRCUITS.COM



RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet

LED 1

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

LED 2

LED 3

GPIO26 B ._ oD

GPIO12 & ]

GND @&
3v3 @1

TL1838B

o)

=

=
=]
=]

SDO
[

1015

ﬁ@

°
TITTTTTT

1016 ﬁj@mg

1017
105 BEEEEEEEE

1018
1019
GND
SDA

RX

X ESP32

scL

L— 1023
— GND

(@]

VIN
CMD
SD3
SD2
1013.
GND
1012
1014

TL1838

®

R RECEIVER

I

~
o

RELAY
5VDC / 1SPDT

o2}
©

(]
N

N
=

[o2]
N

N
N

WS2812B

N
&)

-
w

N
N

©
N

[e]

1027

1025
1033
1032
1035
1034
SVN
SvP
EN
3Vv3

RELAY MODULE

(o]
[2]
Py
!
|
|
|

VAV

[ s30R |
[ 200R |
200 R

LED3 |LED2

a
NS

LED1

N
©

©
o

~

[
©

~
N

©

000000000000000000

PIXEL 9

PIXEL 10

PIXEL 8

PIXEL 6 PIXEL 5 PIXEL 4

PIXEL 2

PIXEL 1

STEM

SOURCE CODE GENERATED WITH Al ASSISTANCE
IR REMOTE CONTROL / Folder: ue_AR_17_Fd_Cube32_08...

_ 01: IR Receiver Decoded Read Out ( Serial Monitor )

_ 02: IR Receiver Led Control:

(1) =LED1 RED, (2) = LED2 YELLOW, (3) = LED3 GREEN

OFF

( N

_ 03: IR Receiver Relay Control:

_04: IR Receiver WS2812 Control:

00000
00000
©CO000

G100

Funduino

www.funduino.de
L J

GPIO12 = IR RECEIVER

GPIO13 = RELAY MODULE ( SERVO HEADER)
GPIO14 = WS2812B RGB 12 PIXEL RING
GPIO26 = LED3 - GREEN

GPIO27 = LED2 - YELLOW

GPIO23 = LED1-RED

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260327-02 I 27-MAR-2026
013 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
4 EXPERIMENTS WITH IR REMOTE CONTROL

ue_AR_17_Fd_Cube32_08_00.pdf

WWW.RETRO-CIRCUITS.COM



RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —
P00 LED 1 VOLTAGE DIVIDER SOURCE CODE GENERATED WITH Al ASSISTANCE
4I]]]ID-.— GND A voltage divider lets you obtain a lower voltage from a LDR RESISTOR CONTROL / Folder: ue_AR_17_Fd_Cube32_09...
higher voltage by using two resistors connected in series.
- LED2 The ratio of the resistances determines the ratio of the _ 01: Voltage Divider with 5V to LDR -- A7 -- 100k to GND
_4“]];,.@— GND voltages, allowing you to control the desired output Print; ...A7 Raw Value 0 - 1023,
voltage. ...Calculated Voltage at A7
SPZ:EER GPI026 . ...Calculated LDR Resistance in kOhms
— GND 3v3 R2 x U ...to Serial Monitor
‘ %7 uz= &R _02: LDR Twilight Switch with LED2 - Yellow
SN I 5 x _ 03: LDR Twilight Switch with LED2 & Hysteresis
&= n VOLTAGE DIVIDER OUTPUT _ 04: LDR Twilight Switch with LED2, adj. Threshold & Hysteresis
_ Sl L GPI035 U2 = 3V3 x 100k _ 05: LDR Adjustable PWM Abient Light Controller for LED2
P — ‘ (u2) LDR + 100k _ 06: LDR Smooth ON / OFF Twilight Switch with LED2 - Yellow
. = = - _ 07: LED2 PIR Motion Control with LDR Twilight Switch
.2 H o H N g |3 GPIO35 RAW VALUE ) ) ) 5 .
30 H 2352 = S _ 08: PIR Motion Control with LDR Twilight Switch & Relay Output
1 3683 = U2 x 4095 . . '
H £ig = = —l— 1035 = -0 _ 09: Laser / LDR Light Barrier Intruder Alarm
E 2 é 8 E - gﬁ GND _ 10: Laser / LDR Light Barrier Intruder Alarm Latch with PB Reset
w3 o 3 @ —
E R E 8 S NS LDR RESISTANCE _ 11: Laser Safety & Relay Control System,
© © s ‘1’,’< 3v3 This experiment monitors a laser light barrier using an LDR
o |2 S R LDR = 100k {E) -1 sensor to detect beam interruption.
PIR e 12 >> When laser beam is present, Status yellow LED turns on.
(<) >> Yellow LED indicates system is ready to turn ON.
GPIO19 v SEION BRIGHT = LDR RESISTANCE LOW = GPIO35 VOLTAGE HIGH >> Push button toggle operation to turn relay ON/OFF.
Vs | DARK = LDR RESISTANCE HIGH = GPIO35 VOLTAGE LOW >> When beam is broken relay turns OFF for safety,
Red Alarm LED turns ON and latches until reset,
BUTTON POTENTIOMETER Push button now to use as a reset button, when laser beam
is present.
GND GND
RELAY MODULE
ememem e SE2 YD
"6 Vee NC  NO i
i i
o) ! HW-307 !
|§| | O GND I
CLK VIN L C "
SDO - CMD "7 7. LOW LEVEL TRIGGER
sD1 s sD3
1015 o = SD2
102 = 1013
100 m | GND
104 : o 1012
1016 8 1014
1017 Ej ﬁ 1027 — GPIO13 = RELAY MODULE ( SERVO HEADER )
105 seaBaass 1026 N 3 GPIO17 = PASSIVE BUZZER ( SPEAKER )
o o g GPIO18 = PIR MODULE
— GND 1032 N GPIO19 = PUSHBUTTON (N/O)
Foe soA 103 _|_{|w |:|x GPIO26 = LED3 - GREEN
=2 R o 2ls| (8] 18] | GPIO27 = LED2 - YELLOW
> ESP32 SN — o © « «
P PN s s - L GPIO23 = LED1- RED
o
I}; £ - b= —ENZS 53‘3 S LED3_|LEDZ | LED1 GPIO34 = POTENTIOMETER ( VOLTAGE DIVIDER )
* -~ — _‘ 7 7 7
N i o U_H_ﬂ_‘ o i V V SZ/ GPIO35 = LDR + 100 k RESISTOR ( VOLTAGE DIVIDER )
w d
o ! FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
e BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.
** PB PULL DOWN RESISTOR CONFIGURATION AR-17 A4 | udo@elgers.com I ue-ERT20260328-01 I 28-MAR-2026
014 A | FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
11 EXPERIMENTS WITH LIGHT DEPENDENT RESISTOR (LDR)

ue_AR_17_Fd_Cube32_09_00.pdf WWW.RETRO-CIRCUITS.COM



RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —
LED 1
sroz m._ oND POTENTIOMETER (VOLTAGE DIVIDER ) SOURCE CODE GENERATED WITH Al ASSISTANCE
D2 A voltage divider lets you obtain a lower voltage from a POTENTIOMETER CONTROL / Folder: ue_AR_17_Fd_Cube32_10...
GPI027 higher voltage by using two resistors connected in series. B ) .
— GND The ratio of the resistances determines the ratio of the _ 01: Voltage Divider with Potentiometer (A6 )
SPEAKER . voltages, allowing you to control the desired output Print Raw Value & Calculated Voltage to Serial Monitor
GND oK :13:\0",:[) GPI026 oo voltage. _ 02: Print Raw Value to Serial Monitor & LED Position Indicator
0 = Red, 0-1022 = Yellow, 1023 = Green
‘ 3vs R2 x U _ 03: Print Raw Value & Calculated Percentage to Serial Monitor
Uz=—"— Low Alarm Indicator: Red LED at 25% ON, at 40% OFF
5 % _ 04: Play 50 - 5000 Hz Tone on Passive Buzzer ( Speaker )
— ‘ VOLTAGE DIVIDER OUTPUT _ 05: Print Raw Value, Tone Letter & Frequency to Serial Monitor
GPIO17 p— N I I GPI034 U2 = 3.3V x 5k Play Tone on Passive Buzzer ( Speaker )
by =
H- . E ‘ | V2 10k _ 06: Adjustable Red LED Flasher 1 - 5 Hz
H £z E 8| g GPI034 RAW VALUE _07: Adjustable Red LED Flasher 5 - 1 Hz
o% ] .
E 5 gg E PR U2 x 4095 _ 08: Adjustable Red, Yellow, Green LED Chaser 1-5Hz
[
H Eik = . GPIO34 =——— _ 09: Adjustable LED Wipe ON & Wipe OFF Chaser 1 -5 Hz
[A=2"] Q
H H g GND _ 10: Voltage Indicator: 0-1 Volt = Green, 1-2 Volt = Green + Yellow
2-3 Volt = Yellow, 3-4 Volt = Yellow + Red, 4-5 Volt = Red
g % _ 11: 1 Hz Red LED Flasher with 10 - 90% Duty Cycle
Ty _12: Yellow LED PWM Fade
_13: Yellow / Green LED Opposite PWM Fading
_14: Yellow / Green 0.25 - 3 Hz Opposite Fading
POTENTIOMETER
o [e)
CLK |§| |§| VIN
SDO o u:[l CMD
sD1 o INTTRTET] sSb3
1015 o o L sD2
102 a3 E 1013
100 o | ° F GND
@
104 o o g 1012
1016 [ 8 1014
1017 @ @ 1027
105 CEEEEELT 1026
1018 1025
1019 1033
GND 1032
SDA 1035
RX 1034
™ ESP32 SN
SCL SvP
E é L— 023 EN
7 e GND 3v3
0O GPIO17 = PASSIVE BUZZER ( SPEAKER)
GPIO26 = LED3 - GREEN
GPIO27 = LED2 - YELLOW
P GPI023 = LED1-RED
GPIO34 = POTENTIOMETER ( VOLTAGE DIVIDER )
FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.
AR-17 A4 udo@elgers.com I ue-ERT20260328-02 I 28-MAR-2026
015 A | FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
14 EXPERIMENTS WITH POTENTIOMETER

ue_AR_17_Fd_Cube32_10_00.pdf WWW.RETRO-CIRCUITS.COM
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(c) Udo Elger

Udo's Worksheet

SPEAKER

3V3

BUTTON

o
>
5

o

GPIO19

GPIO21

GPI022

©)
vee
GND
SCL
SDA |4
o

OLED DISPLAY

ori ho

o
)
=
o
o
4
z
&
S
o
(7}
w

RETRO CIRCUITS
Udo's Worksheet

1023

® 3V3 —
8| GPI034
| GND —

POTENTIOMETER

] ] O
VIN
CMD
o [
PRt SD3
m g L sb2
o 3 E
o 3 3 1013
o | ° F GND
L= LLLLRLRLY u
o o 1012
rAtIrms ofen
1027
BEBEBEBEBA 1026
1025
1033
1032
1035
1034-
ESP32 SVN
SvP
EN

U nn

POTENTIOMETER

SOURCE CODE GENERATED WITH Al ASSISTANCE
OLED DISPLAY / Folder: ue_AR_17_Fd_Cube32_11...

STEM

_ 01: OLED Test: 1 Line, 3 Large Letters
_02: OLED Test: 2 Lines
_03: OLED Test: 3 Lines
_04: OLED Test: 4 Lines
_05: OLED Test: 5 Lines
_06: OLED Test: 6 Lines
_ 07: OLED Test: 7 Lines
_08: OLED Test: 8 Lines
_09: OLED Calculated Voltage Figure 0 - 3.3V ( GPIO34 )
_10: OLED Calculated Voltage Figure 0 - 3.3 V with Bargraph ( GPIO34 )
_ 11: OLED Calculated Voltage Figure 0 - 3.3 V with 0 - 180° Scale
_12: Draw a simple House Symbol at the OLED Display
_ 13: Moving Dot Animation at the OLED Display
_ 14: Rectangular Wave Scope Simulation at the OLED Display
_ 15: Sine Wave Scope Simulation at the OLED Display
_ 16: Delta (Triangle) Wave Scope Simulation at the OLED Display
_17: Saw Tooth Wave Scope Simulation at the OLED Display
_ 18: Trapezoidal Wave Scope Simulation at the OLED Display
_19: Hospital ICU Monitor Simulation at the OLED Display
_ 20: Cross Symbol at the OLED Display
_ 21: Hexagon Symbol at the OLED Display
_ 22: Geiger Clock Animation at the OLED Display
_ 23: Clock Animation at the OLED Display
_ 24: Count Down 999-000 at the OLED Display
_ 25 Rolling Dice at the OLED Display
_ 26: Rolling Dual Dice at the OLED Display
GPIO19 = PUSH BUTTON - (NORMALLY OPEN NO)
GPIO21 = OLED DISPLAY SDA
GPI0O22 = OLED DISPLAY SCL

GPIO34 = POTENTIOMETER ( VOLTAGE DIVIDER )

BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.

AR-17 A4 udo@elgers.com I ue-ERT20260328-03 I 28-MAR-2026
016 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
26 EXPERIMENTS WITH OLED DISPLAY

ue_AR_17_Fd_Cube32_11_00.pdf

WWW.RETRO-CIRCUITS.COM



RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —

SOURCE CODE GENERATED WITH Al ASSISTANCE
MPUGB050 / GY521 / Folder: ue_AR_17_Fd_Cube32_12...

_01: Test and Print Values to Serial Monitor
SERIAL MONITOR

Angle: Pitch = 3.35 Roll = 1.69
Accelerometer: X = 1054 Y =532 Z=17988

MPUG050

Gyroscope: X=-721 Y =69 Z=186

Temperature: 16.39 °C = 61.50 °F

_ 02: Print Angle Pitch & Roll to OLED Display

_ 03: Print Accelerometer X Y Z Values to OLED Display

_ 04: Print Gyroscope X Y Z Values to OLED Display

_ 05: Print Temperature in °C & °F to OLED Display

_ 06: Print complete MPU6050 Dashboard to OLED Display

GPI1021

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

GPI1022

%

4
o
2]
o

OLED 128 x 64

THE GY-521 MPU-6050 IS A SIX-AXIS GYROSCOPE AND ACCELEROMETER

MPUB050 / GY-521 IN ONE PACKAGE ON A COMPACT BREAKOUT BOARD.
O oo O
5>- ‘; = CLK |§| |§| VIN
$ SDO CMD +Z
SD1 m u:u SD3 ‘ \
o ITRTRTET]
82g58g8¢% 01510 m L s02
00000000 102 :;o E 1013
® 0 A4 < o I~
5238 o @ a o
1016 B 1014
1017 Eﬂ @ o 1027
105 BEBBBEEA 1026
1018 1025
1019 1033
GND 1032
SDA 1035
RX 1034
™ ESP32 SUN
scL svpP
1023 EN
GND 3v3
) o)

...ORIENTATION OF AXES OF SENSITIVITY AND POLARITY OF ROTATION

OLED DISPLAY GPI021 = OLED DISPLAY & MPUG050 SDA
GPI1022 = OLED DISPLAY & MPUG050 SCL
FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
O_|_|—,—I_O FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260329-01 I 29-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
6 EXPERIMENTS WITH MPUB050 Accelerometer & Gyroscope

ue_AR_17_Fd_Cube32_12_00.pdf WWW.RETRO-CIRCUITS.COM
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RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —

1023 LED1 SOURCE CODE GENERATED WITH Al ASSISTANCE
m‘GND DHT11 SENSOR / Folder: ue_AR_17_Fd_Cube32_13...
P07 LED2 _ 01: Print Temperature & Humidity Values to Serial Monitor
_m'QGND ~ 02: Print Temperature & Humidity Values to OLED Display
LED 3 _ 03: Heater Temperature Relay Control
%Q GND _ 04: Air Conditioner Temperature Relay Control
_ 05: Humidity Fan Control Relay
3v3 DHT11 GPIO13 % g
s

GPI1021

GPI022

0.8
5
= =
S
Ulllo
X Xp
GsE&
033
]
T
xouw

GPIO34

GND

OLED 128 x 64

POTENTIOMETER

l_._._._._._R.EE*YLV‘S)EL!'-_E‘
—O Vec NG NO i g g g E
! ! Hoood
Fos - i S oooo
) PR o) i HW-307 ! oDoo
| O GND i pooog
oo |§| —m |§| oo Llmemoms LB\}vT_é\EL?CFEEéER N
sp1 ™ o sp3 E 9
1015 L L sD2 @
102 : é é 1013 — —
100 o R GND
© 0 - J( 104 @ @ g 1012
O 2ggs O o i e 1 o < GPIO13 = RELAY HW307 ( SERVO HEADER )
105 BEBEEEEE 1026 - GPIO21 = OLED DISPLAY SDA
1018 1025 GPIO22 = OLED DISPLAY SCL
1019 1033 GPI023 = LED1 - RED
OLED DISPLAY GND 1032
L con 1035 e [2] [2] [« GPIO26 = LED3 - GREEN
RX . 1034 oz |2l (sl s GPIO27 = LED2 - YELLOW
ol Ho o o L bl I I GPIO33 = DHT11 TEMPERATURE & HUMIDITY SENSOR
L1023 EN LED3 |LED2 |LED1 GPIO34 = POTENTIOMETER ( VOLTAGE DIVIDER )
—eNe 2 R 2 \/7 \I/7 FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
9 ol o | FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.
AR-17 A4 udo@elgers.com I ue-ERT20260329-02 I 29-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD

018 A 6 EXPERIMENTS WITH DHT11 TEMPERATURE & HUMIDITY

ue_AR_17_Fd_Cube32_13_00.pdf WWW.RETRO-CIRCUITS.COM
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(c) Udo Elger

Udo's Worksheet

GP1021

GPI022

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

BLE MESSAGE

Blue Tooth

Blue Tooth
10S "nRF Connect"

ESP32_LED

GPI027 Il]]:ll ( )_ GND
GPI026 imi ( )_ GND

LED1

LED 2

LED3

WS2812B

GPIO13
3Vv3

oAlag OIDIN

TEST CONFIGURATION
BLUE TOOTH DEVICE
iphone XR - 10S 18.7.6
nRF Connect 2.7.25

©)
vee
GND
SCL
SDA
o

OLED DISPLAY

ori ho

Unnl]s

DIN
' o)
CLK |§| |§| VIN
SDO o [ cMD
St o _unnn Sb3
1015 o L lllllu| sD2 Servo
102 a ] E I 101 orRG—{ | ||
100 g R GND —— RED—
104 o o ] 1012 — BRN——
1016 @ $ 8 1014—
1017 1027
105 BEEEBEEEA 102
1018 1025
1019 1033
GND 1032
SDA 1035
RX 1034
> ESP32 SWN 3
scL svP
L 1023 EN
GND Vi —@

[ 200R |

LED3 |LED2

\/= [/~

rd

200 R

LED1

-
-

14

STEM —

SOURCE CODE GENERATED WITH Al ASSISTANCE
Folder: ue_AR_17_Fd_Cube32_14...

_01: Blue Tooth Led Control with 10S "nRF Connect"

| ON
ByteArray  Unsignedint Bool UTFE

Write Type

Redjisest Comrmand

Enter R = Toggle Red Led ON / OFF
Enter Y = Toggle Yellow Led ON/OFF
Enter G = Toggle Green Led ON / OFF
Enter B = Toggle Blue Led ON/ OFF
Enter ON = Switch all Led ON

Enter OFF = Switch all Led OFF

_02: Blue Tooth WS2812 Control with IOS "nRF Connect"

R

ByteArray  Unsignedint Bool uTF8

Write Type

Request Command

EnterR=Led 1-12 = Red
Enter G=Led 1 - 12 = Green
Enter B=Led 1-12 = Blue
Enter P =Led 1 - 12 = Pink
Enter O = Led 1 - 12 = Orange
Enter Y =Led 1 - 12 = Yellow
Enter T = Led 1 - 12 = Turquoise
Enter W = Led 1 - 12 = White

_03: Blue Tooth SERVO Control with IOS "nRF Connect"
Enter 0 - 180 for 0° - 180° Servo Position
(Clamping anything above 180° to 180°)

_04: Blue Tooth Text to OLED with IOS "nRF Connect"
Head Line = BLUE TOOTH...: (Fixed)
+ BLE Message

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 | udo@elgers.com I ue-ERT20260329-03| 29-MAR-2026

| FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
019 EXPERIMENTS WITH 10S BLUE TOOTH nRF CONNECT

ue_AR_17_Fd_Cube32_15_00.pdf
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(c) Udo Elger

SPEAKER

Udo's Worksheet

GPIO17

GP1021

GPI022

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

i
5
53
00

Open Browser:

192.168.178.141

GPIO27 Il]]:ll Q

SrIozs (R O_ oD

LED 1

LED 2

— GND

LED 3

GPIO14

WS2812B

criots [l o
P

s 2
Y o

=
)
s |5
[ ©
| ©
3
)

Y/

©)
vee
GND
SCL
SDA
o

OLED DISPLAY

ori ho

DIN
O oo O
CLK VIN
SDO cMD
o [
St [ ETTTITIT] Sb3
1015 o L sD2
(=]
102 101
=]
100 = ]
o T
104 o 8 1012
1016 @ $ 8 1014—
1017 1027
105 BEEEBEEE 102
1018 1025
1019 1033
GND 1032
SDA 1035
RX 1034
X ESP32 SVN
scL SvP
— 1023 EN

ORG—

GND —— RED—

— BRN—

Servo

V3 —@
O

\/= [/~

330R
200 R

LED3 |LED2

rd

200 R

LED1

15

STEM —

SOURCE CODE GENERATED WITH Al ASSISTANCE
Folder: ue_AR_17_Fd_Cube32_15...

_01: Simple WiFi Test connect with feet back on Serial Monitor
_02: Simple WiFi Test connect with feet back on 1602 LCD Display
_03: LED Control with WiFi & Web Browser

ESP32 - LED Control

Toggle:

Red

Yellow

Green

Blue

Switch:
All ON
All OFF

_04: WS2812 Neo Pixel Control with WiFi & Web Browser
ESP32 NeoPixel Control
Colors:

Red
Green
Blue

Pink
Orange
Yellow
Turquoise
White

_05: Servo Control with WiFi & Web Browser
ESP32 Servo Control
Angles:
0° 45° 90° 135° 180°
[ ] Slider

_06: Tone Control with WiFi & Web Browser ( Small Piano )
ESP32 Small Piano & Synthesizer Slider
Notes:
cC D E F G A B C2
Frequency Slider:
[ ] 440 Hz

HOW TO CONNECT THE ESP32 BOARD TO WIFI & BROWSER

1. MAKE SHURE YOUR BROWSER AND THE ESP32 ARE IN THE SAME 2.4 GHz NETWORK.

2. YOU NEED TO ENTER YOUR NETWORK CREDENTIALS IN TO THE *.INO SOURCE FILES.
const char* ssid = "YourNetworkName";

const char* password = "YourPassword";
4. COMPILE AND UPLOAD THE *.INO SOURCE FILE TO THE ESP32.

5. OPEN BROWSER AND ENTER ESP32 IP FROM OLED DISPLAY

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 | udo@elgers.com I ue-ERT20260329-04| 29-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPEMENT BOARD

020 A | EXPERIMENTS WITH WiFi & WEB BROWSER CONTROL

ue_AR_17_Fd_Cube32_15.pdf
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(c) Udo Elger

Udo's Worksheet STEM —

CUBE EXPERIMENTS WITH HEADER EXTERN 1 & EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue_ AR 17_Fd_Cube32_16...

'''''''''''''''''''''''''''''''''''''''''''''' _01: LED1ON-LED2, 3, 4,5, 6 OFF

_08: LED2, 4, 6 (GROUP B) ON - LED1, 3, 5 (GROUP A) OFF

_09: LED GROUP A & B ALTERNATING ON / OFF AT 150 Hz

_10: LED CHASER, LONG EASY TO FOLLOW CODE

_ 11: LED CHASER, OPTIMIZED TABLE DRIVEN CODE

_ 12: PING-PONG LED CHASER, OPTIMIZED TABLE DRIVEN CODE
_13: LED1BLINK 1 Hz

_14: LED1 & LED8 1 Hz ALTERNATING (LEVEL CROSSING)

_ 15: LED1 BLINK, WITH POTENTIOMETER FREQUENCY ADJUST
_ 16: LED CHASER, WITH POTENTIOMETER SPEED ADJUST

_17: LED1 & LED8 POLICE CAR FLASH LIGHT

25 | 1
[12e 1 pee i _02: LED2 ON - LED1, 3, 4, 5, 6 OFF
9592 ! 9,228 ! 9,88 _03: LED3 ON - LED1, 2, 4, 5, 6 OFF
_OmlDO_:_(Dm@(D_:_@m@@_ _04: LED4 ON - LED1, 2, 3, 5, 6 OFF
000 000 000
EXTERN 1 |i| EXTERN 2 ** |i| EXTERN 3 | _ 05: LED5ON - LED1, 2, 3, 4, 6 OFF
L e O O - N |
i i 06: LED6 ON - LED1, 2, 3, 4, 5 OFF
[oToToTo] . [oJe[o]o] - N
WA Vi) NV _ 07: LED1, 3,5 (GROUP A) ON - LED2, 4, 6 (GROUP B) OFF
| |
i i

) 7
o
°
°

o IR 08— — GPIo02

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

|
LED1
LED2
LED3
LED4
LEDS
LED6

GPIO13 = COMMON ANODE

GPI002 = LED1 CATHODE, LED2 ANODE
GPIO04 = LED3 CATHODE, LED4 ANODE
GPI1021 = LED5 CATHODE, LED6 ANODE
GPI022 = COMMON CATHODE

CHARLIEPLEXED LED CIRCUIT WITH 5 CONTROLLER PINS
CONTROLLING 6 LEDs. THE PINs ACT SOMETIMES AS ANODES,
SOMETIMES AS CATHODES, DEPEPENDING ON WHICH LED IS LIT.

ni

LED 10N LED 20N LED 30N LED 4 ON LED 50N LED 6 ON
5 P o) GPIO13=HIGH GPIO13=LOW GPIO13=HIGH GPIO13=LOW GPIO13=HIGH GPIO13=LOW
< ; s s |§| |§| GPIO02=LOW GPIO02=HIGH GPIO02=HIGH GPIO02=LOW GPIO02=HIGH GPIO02 = LOW
o v A AP CLK VIN GPIO04 = HIGH GPIO04=LOW GPIO04 =LOW GPIO04 = HIGH GPIO04 = HIGH GPIO04 = LOW
3 z SZ/ SZ/ XZ/ Sbo o [0 CMD GPIO21=HIGH GPIO21=LOW GPIO21=HIGH GPIO21=LOW GPIO21=LOW GPIO21 = HIGH
& S @ b3 GPIO22=HIGH GPIO22=LOW GPIO22 =HIGH GPIO22=LOW GPIO22=HIGH GPIO22=LOW
1015 E L sD2
A 220R 102 = E 1013
oo BLs F IR NI
<
220R =—— 104 @ o 8 012 I 3511 8811 I I
. 23 . . 232 . . L .
o610 B ES [ 8 1014 I 811 go || gzl 1¢g I
1017 1027 ', 900! 'g 080! 'g_ 00! '2s0"
lz2aa |l lzCaal lzSaal |l &%z5]!
Z 105 gEEEBEEE 1026 63606, 0B006 . 03066, OP0
o1 1025 P b b e Tt e b
1019 1033 EXTERN 1 EXTERN 2 EXTERN 3 SERVO
Sa ~ - g
GND 1032 llss ||85 llg% |
L 220R = 021 1035 2 .83 S . X% 2 oo a
035 a o3z K SR 2322
RX 1034 I e | Lo
C I ESP32 SUN |oooo| o000 oooo| [GloTlo]
———————[—— 1022 SvP

I
NS
I

GROUP B
SOURCE

O BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

EXTERN 2
-z -z 1023 EN
Z/ XZ/ GND a3 ** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
6

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260330-01 I 30-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
5 PIN /6 LED CHARLIEPLEXED SOURCE / SINK EXPERIMENT

ue_AR_17_Fd_Cube32_16_00.pdf WWW.RETRO-CIRCUITS.COM

021 A




RETRO CIRCUITS

Udo's Worksheet

STEM

CUBE EXPERIMENTS WITH HEADER EXTERN 1 & EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE

FOLDER: ue_AR_17_Fd_Cube32_17...

. I N S ) _01: LED1ON-LED2, 3, 4, 5, 6 OFF
27 | R I : _02: LED2 ON - LED1, 3, 4, 5,6 OFF
|12 : 152 : I 1gs ; _03: LED3 ON-LED1,2,4,5,6 OFF
_gﬁg_i_gﬁg_i_gﬁg_ | _ 04: LED4 ON - LED1, 2, 3, 5, 6 OFF
oooo|i|°oo?~|i|oooo| é _05: LED50ON - LED1, 2, 3,4, 6 OFF
IEXITEF:N 1| [ TXTIER'I“I [ IEXITERINi : (f _06: LED6 ON - LED1, 2, 3, 4, 5 OFF
[Ioelo] | ! [elololo] _07: LED1, 3,5 0N - LED2, 4, 6 OFF ( MULTIPLEXING )
N/ : N/ : NV _08: LED2, 4,6 ON - LED1, 3, 5 OFF ( MULTIPLEXING )
ro ooo | . ro 0oo| : [Lo 0o OJ] _09: LED1,3,5 & 2,4,6 ALTERNATING ( MULTIPLEXING )
H— O _10: LED 1,2,3,4,5,6 ON ( MULTIPLEXING )
Feeeeee T E _ 11: LED CHASER, OPTIMIZED TABLE DRIVEN CODE
egd ° = _12: PING-PONG LED CHASER, OPTIMIZED TABLE DRIVEN CODE
§§;§ E _13: LED1BLINK 1 Hz
g;§ E _14: LED1 & LED8 1 Hz ALTERNATING (LEVEL CROSSING)
LEL E _15: LED1 BLINK, WITH POTENTIOMETER FREQUENCY ADJUST
—J - 5 2 < p p _16: LED CHASER, WITH POTENTIOMETER SPEED ADJUST
GPI002 = HIGH / LOW
GPI004 = HIGH /LOW

GPIO13 = HIGH/LOW

CHARLIEPLEXED LED CIRCUIT WITH 3 CONTROLLER PINS
CONTROLLING 6 LEDs. THE PINs ACT SOMETIMES AS ANODES,
SOMETIMES AS CATHODES, DEPEPENDING ON WHICH LED IS LIT.

LED 10N LED 20N LED 3 ON LED 40N LED 50N LED 6 ON
1002=INPUT  1002=INPUT  1002=INPUT  1002=INPUT  1002=INPUT 1002 = INPUT
1004 =INPUT 1004 = INPUT 1004 =INPUT 1004 =INPUT 1004 =INPUT 1004 = INPUT
1013=INPUT 1013 =INPUT 1013 =INPUT 1013 =INPUT 1013 =INPUT 1013 = INPUT
(o) o o O 1002 = OUTPUT 1004 = OUTPUT 1002 = OUTPUT 1004 = OUTPUT 1002 = OUTPUT 1002 = OUTPUT
cLK |§| |§| VIN 1004 = OUTPUT 1013 = OUTPUT 1004 = OUTPUT 1013 = OUTPUT 1013 = OUTPUT 1013 = OUTPUT
sDo o cmD I002=HIGH  1004=HIGH  I002=LOW  1004=LOW  [002=HIGH 1002 =LOW
sD1 m sD3 I004=LOW  1013=LOW  I004=HIGH  I013=HIGH  I013=LOW 1013 = HIGH
A 1015 o L sD2
220 R 102 =E E 1013 —
100 m 7 ° F GND | [ tor [ |
@ T H 250 PR . .
SZ; ZX; 220 R — 04 o o g8 1012 | 3311 2811 [ |
1016 o e 1014 | s s3I TERE: i
| s8I go || gzl g |
- » P 3 1017 1027 10,99 1 10,22 10,29 18282
- 4 “ BEEEEEEE lz2aal 1l z%aal lzS%aal |l §z8!
y - 105 1026 T O 00 0 s O®m» 00 O®m» 00 v '
- T o1 1025 P b b e Tt e b
SZ/Z - EXTERN 1 EXTERN 2 EXTERN 3 SERVO
z - 1019 1033 BB -
| ) | ~ =g
2 2 GND 1032 << 85 <<
a < 4 a [S=)
Z > 430 Z > X x S 22 [=]
1021 1035 O350 o3z F - o s 2z
c RX 1034 - Y - — .~ ——— — 0680
T ESP32 SUN | co0o0o0 | K ° _
1022 SvP
1023 EN EXTERN 2
o s ** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
) BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.
FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!

FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

(c) Udo Elger

AR-17 A4 udo@elgers.com I ue-ERT20260331-01 I 31-MAR-2026
022 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
3 PIN /6 LED CHARLIEPLEXED EXPERIMENT
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(c) Udo Elger

) 7
o
°
°

1
Udo's Worksheet
, L
g3 | sz |
a o oo
2o | 2o |
125 @ Ilgs @ |Ilas
S8 22 83
9022 2988 1 2923
030606 | 63606 | 6360
C » | 0800 | 6800
cooo (l|]oooo [l|]ooooe
EXTERN 1 i EXTERN 2 ** i EXTERN 3
L e O O - N |
OOEk | CEDD | oo
. .
W2 Vi b NV
| |
. .
| |

RETRO CIRCUITS
Udo's Worksheet

ESP32-WROOM-32
SNNEENENEENEER

[-]-12-1014
(o ]-11-1027

(- ]-09-1025

(- ]-05-1034

\\

CUBE EXPERIMENTS WITH HEADER

SOURCE CODE GENERATED WITH Al ASSISTANCE

FOLDER: ue AR _17_Fd Cube32_18...

_01: LED1ON-LED2, 3, 4,5 OFF
_02: LED2 ON - LED1, 3, 4, 5 OFF
_03: LED3ON-LED1, 2,4, 5 OFF
_04: LED4 ON - LED1, 2, 3, 5 OFF
_05: LED50ON - LED1, 2, 3, 4 OFF
_06: LED1, 2, 3,4,50N

_07: LEDCHASER1-2-3-4-5
_08: LEDCHASER5-4-3-2-1

_09: PING-PONG LED CHASER1-2-3-4-5-4-3-2-1
_10: LED SEQUENTIALON/OFF1-2-3-4-5

_ 11: LED SEQUENTIAL ON/ OFF 5 -
_12: LED1BLINK 1 Hz
_13: LED1-5BLINK 1 Hz

_14: LED1 & LED5 1 Hz ALTERNATING (LEVEL CROSSING)
_15: LED1 & LED5 ALTERNATING WITH FREQUENCY ADJUST

STEM —

EXTERN 1 & EXTERN 3

4-3-2-1

~
=
) 0 0
CLK VIN
SDO o cMD
o
Sb1 m Sb3
1015 m = sp2
= 102 = E 1013
100 m e F GND
o T
= 104 o m g 1012
1016 ﬁ @ 8 1014
1017 1027
105 BBEBEEEE 1026
1018 1025
1019 1033
GND 1032
1021 1035
RX 1034
™ ESP32 SVN
1022 svp
1023 EN

GND

8| [Lnnl

3v3

GPIO02 = LED 1 CATHODE, SINK, LOW = LED ON
GPIO04 = LED 2 CATHODE, SINK, LOW = LED ON
GPIO13 = LED 3 CATHODE, SINK, LOW = LED ON
GPI021 = LED 4 CATHODE, SINK, LOW = LED ON

GPI1022 = LED 5 CATHODE, SINK, LOW = LED ON

LED SINK DRIVER

LED 1 ON LED 2 ON LED 3 ON

GPIO02 = LOW GPIO02=HIGH  GPIO02 = HIGH
GPIO04 =HIGH  GPIO04 = LOW GPIO04 = HIGH
GPIO13=HIGH GPIO13=HIGH GPIO13 =LOW
GPIO21 =HIGH  GPIO21=HIGH  GPIO21 = HIGH
GPIO22=HIGH GPIO22=HIGH  GPIO22 = HIGH

LED 4 ON LED 5ON

GPIO02=HIGH  GPIO02 = HIGH
GPIO04 =HIGH  GPIO04 = HIGH
GPIO13=HIGH  GPIO13 = HIGH
GPIO21=LOW  GPIO21 = HIGH
GPIO22=HIGH  GPIO22 =LOW

| I R
H 250 a5
| ao | | oo | |
| s8I 22 ||
= 99 ' | o o9 &
lz2aal |l z%aa | |
0506 . 0506 4
I Y O A A A I |
EXTERN 1 EXTERN 2

g2 1lzs

g xs  2.%2

53688 _Gamr

|GND —_—

«» — GPIO13

m

—GND
A — 3V3

m
5V —— ﬁ —3v3
D15 (A1) 2 —GPIO02
D16 (A2) © — GPIO04
<
GND — O — GND

|
D3
5V

°
°
o
°

EXTERN 2

** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260331-02 I 31-MAR-2026

023 A

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
5PIN/5LED SIMPLE LED SINK DRIVER (LOW =0ON)

ue_AR_17_Fd_Cube32_18_00.pdf
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(c) Udo Elger

Udo's Worksheet

GPI002
| GPIO04

z
©“o

—|ze

< [y

ao aa

[ (A8

- [ 1352

NN g2
0,299 0,229 o
z S aa z<S oo z
O &5 060 O & 060 [9)
o000 o000 °
EXTERN 1 EXTERN 2 ** E.
| || | || |

HENEREEEEENEEE
RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

HENEENENEEEEER

ED1

ED 2

ED3

STEM

CUBE EXPERIMENTS WITH HEADER EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue_ AR 17_Fd_Cube32_19...

**PB WITH PULL UP RESISTOR

nl

l:

T o
z232 O
O 22383

GND

OLED DISPLAY

ort—Hd

(o]

g

-0 F o

°
TITTTTTT
m m

EAEIrme

ESP32

nn]

O

_01:
_02:
_03:
_04:
_05:
_ 06:

_or:

_08:

_09:

_10:

_ 11

_12:

Momentary PB1 with Pull-Up Resistor for Led1 Red
Momentary PB2 with Pull-Up Resistor for Led3 Green
Momentary PB1 for Led1 Red & PB2 for Led3 Green
Toggle PB1 for Led1 Red

Toggle PB2 for Led3 Green

Toggle PB1 for Led1 Red & PB2 for Led3 Green
Momentary PB1 & PB2 at GPIO4 & GPIO13,

PB2 Count Up, PB1 Count Down,
Display ( Print ) on OLED Display

Momentary PB1 & PB2 at GPI0O4 & GPI013,
PB2 Count Up, PB1 Count Down, incl. negative Figures,
Display ( Print ) on OLED Display

Momentary PB1 & PB2 at GPI0O4 & GPI013,
PB2 Count Up, PB1 Count Down, incl. negative Figures,
four Digits with leading zero.

Display ( Print ) on OLED Display

Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down,
Display ( Print ) on OLED Display, Decimal & Binary Figures

Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down, Decimal & Hex Figures

Momentary PB1 at GPIO4 Led1 Red ON
Momentary PB2 at GPIO13 Led1 Red OFF

GPIO04 = PUSH BUTTON PB1
GPIO13 = PUSH BUTTON PB2
GPIO23 = LED1-RED

EXTERN 2
** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

| I o L || |
. 2o P Lo .
a o [ala)
i Fgi1 R R
| s8I 22 || gzl g D|
s 88:.,.88:14.88::12,0:
lz2aal lz%aal lz%aal |l &zgd !
L 0500, 0BG,  OBOO ,  OPO
I I A A
EXTERN 1 EXTERN 2 EXTERN 3 SERVO
e MR TR [T
g xz 2.%2 2lve °
5359 638k 5 3oa o> 2
—_— e — — 830
””||””| cooo | (GBI

BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.

n

AR-17 A4 udo@elgers.com I ue-ERT20260330-02 I 30-MAR-2026

024 A

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
PUSH BUTTON WITH PULL-UP RESISTOR

ue_AR_17_Fd_Cube32_19_00.pdf
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(c) Udo Elger

Udo's Worksheet STEM —

CUBE EXPERIMENTS WITH HEADER EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue_ AR_17_Fd_Cube32_20...

LED 1 _ 01: Momentary PB1 with internal Pull-Up Resistor for Led1 Red
%‘GND _ 02: Momentary PB2 with internal Pull-Up Resistor for Led3 Green

| sy
<3 N @
33 || 38 LED2 _ 03: Momentary PB1 for Led1 Red & PB2 for Led3 Green
2892 ! g,82 ! 5,88 ﬂm_QGND _04: Toggle PB1 for Led1 Red
Le00e | 0R0O | 0RDO s _ 05: Toggle PB2 for Led3 Green
oE)(('JI'E:N 1o tEJ)('l'oER(l: 2?" OEX?'E:N ;J
[ [ [

LI
Gw@ oo _ 06: Toggle PB1 for Led1 Red & PB2 for Led3 Green
_ 07: Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down,
Display ( Print ) on OLED Display

_ 08: Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down, incl. negative Figures,
Display ( Print ) on OLED Display

— GPIO13

_09: Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down, incl. negative Figures,
four Digits with leading zero.

Display ( Print ) on OLED Display

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

_10: Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down,
Display ( Print ) on OLED Display, Decimal & Binary Figures

_ 11: Momentary PB1 & PB2 at GPIO4 & GPIO13,
PB2 Count Up, PB1 Count Down, Decimal & Hex Figures

_12: Momentary PB1 at GP1O4 Led1 Red ON
Momentary PB2 at GPIO13 Led1 Red OFF

GPIO04 = PUSH BUTTON PB1
& o O GPIO13 = PUSH BUTTON PB2
CLK VIN
SDO cMD GPIO23 = LED1-RED
o [
SD1 m SD3
o110 03 3 sv2 | s I |
= 102 o3 E 1013 . 25 a5 I H
wlo 21 F | §gii §gii EU
= 410 = m g opwon o s8!l!l, gg!!l, ggllg_ o
1016 8 Sega Sesa Soga g2z
017 @@ 885! 1228858 ! 1585511625
BEEBEBEE I I A A
105 EXTERN 1 EXTERN 2 EXTERN 3 SERVO
— i e % ()
1019 o < 3 o ce o o ©
[ = 4 4 4 4 - =
O 2533 O GND _w%%%__w%é?f__wﬁmm_ 8%%
SDA
000 0 00 o 000
. > K | [oToIo]
X ESP32 EXTERN 2
PB1 PB2 scL

** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

OLED DISPLAY 1023

=
ort—Hd

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

n

AR-17 A4 udo@elgers.com I ue-ERT20260403-01 I 03-APR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
PUSH BUTTON WITH INTERNAL PULL-UP RESISTOR ENABLED

ue_AR_17_Fd_Cube32_20_00.pdf WWW.RETRO-CIRCUITS.COM
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RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet
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RETRO CIRCUITS
ESP32-WROOM-32

Udo's Worksheet
ENNNENEEEEEEEE

SINK

— GND
— 3V3

CLK
SDO
SD1
1015

102

n

100
104

nl

SOURCE

1016
1017

105
1018
1019
GND

RX
™
SCL
1023
GND

n

O
(O]

g

s

°
TITTTTTT

SEPy

ESP32

8| [l nn

O

VIN
CMD
SD3
Sb2
1013
GND
1012
1014
1027
1026
1025
1033
1032
1035
1034
SVN
SVP
EN
3v3

SOURCE

STEM

CUBE EXPERIMENTS WITH HEADER EXTERN 1 & EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue AR 17 _Fd Cube32 21...
_ 01: Blue LED (GPIO02) set LOW, SINK

Red LED (GPI0O04) set HIGH, SOURCE

..both LEDs ON...

_ 02: Blue LED (GPIO04) set LOW, SINK
Red LED (GP1013) set HIGH, SOURCE
...both LEDs BLINK simultaneously

_ 03: Blue LED (GPIO04) set LOW, SINK
Red LED (GP1013) set HIGH, SOURCE
...both LEDs BLINK alternately

_ 04: Blue LED (GPIO04) set LOW, SINK
Red LED (GP1013) set HIGH, SOURCE
...both LEDs fading in & out alternately by software PWM

_ 05: Blue LED (GPIO04) set LOW, SINK
Red LED (GP1013) set HIGH, SOURCE
...both LEDs burst flashing alternately like US Police Car

GPIO04 = GREEN LED CATHODE ( SINK)
GPIO13 = RED LED ANODE ( SOURCE )

() 13=Low
@ 3= HiGH
() 04 = HiGH
@ o:-ow
LOW = GND
HIGH =3V3

n

| I o L || |
. 2o P Lo .
a o [ala)
i Fgi1 R R
| s8I 22 || gzl g D|
s 88:.,.88:14.88::12,0:
lz2aal lz%aal lz%aal |l &zgd !
L 0500, 0BG,  OBOO ,  OPO
I I A A
EXTERN 1 EXTERN 2 EXTERN 3 SERVO
e MR TR [T
g xz 2.%2 2lve °
5359 638k 5 3oa o> 2
—_— e — — 830
oooo||oooo| cooo | (GBI

EXTERN 2
** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260330-04 I 30-MAR-2026
026 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
LED SINK / SOURCE EXPERIMENT

ue_AR_17_Fd_Cube32_21_00.pdf
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RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —

CUBE EXPERIMENTS WITH HEADER EXTERN 1 & EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue_AR_17_Fd_Cube32_22...
, R T T - _ 01: RGB Led - Red
zg ! R B I R : _ 02: RGB Led - Green
Il zg : I1gs : I g5 _ 03: RGB Led - Blue
o o O o o O o o O .
& 25 I i _5%_%%_ i _5%_%%_ i _ 04: RGB Led - Pink
OEX?I'E:N? ! (E)XT?ER: 22 | ! OEX?I'E:N: | : ”””1 — 05:RGB Led - Yellow
T ! ] ! ] : _ 06: RGB Led - Turquoise
BREE : [eToTelo] : [eToTeTo] _ 07: RGB Led - White
Ve e _ 08: RGB Led - Red 1 Hz Blink
| |

) 7
o
°
°
) 7
°
°
o

_ 09: RGB Led - Green 1 Hz Blink

_10: RGB Led - Blue 1 Hz Blink

_ 11: RGB Led - Pink 1 Hz Blink

_ 12: RGB Led - Yellow 1 Hz Blink

_13: RGB Led - Turquoise 1 Hz Blink

_ 14: RGB Led - White 1 Hz Blink

_ 15: RGB Led - Red / Blue alternately Color Changer

_ 16: RGB Led - Red / Green alternately Color Changer

_ 17: RGB Led - Blue / Green alternately Color Changer

_ 18: RGB Led - Pink / Turquoise alternately Color Changer
_ 19: RGB Led - Pink / Yellow alternately Color Changer

_ 20: RGB Led - Yellow / Turquoise alternately Color Changer
_21: RGB Led - Red / White Flasher

_ 22: RGB Led - Green / White Flasher

_ 23: RGB Led - Blue / White Flasher

_ 24: RGB Led - Red, Green, Blue Color Changer

RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

RGB LED WITH COMMON ANODE:
HIGH = OFF / LOW = ON ( FULL BRIGHTNESS )

n

9 1 o 0O : _ 25: RGB Led - Pink, Yellow, Turquoise Color Changer
CLK |§| |§| VIN RGB LED _ 26: RGB Led - Red, Green, Blue, Pink, Yellow, Turquoise, White Changer
RGB LED 0P Cm o : COMMON ANODE (+) ! _27: RGB Led - HUE Color Changer
o ' '
COMMON ANODE 1015 EE L sD2 : :
—— e Hogs ] eoe
O 13 = HIGH odo mie F oD ; : GPIO02 = RGB LED GREEN CATHODE
R @ - Low oeto Bt P I : o E : GPIO04 = RGB LED BLUE CATHODE
1017 @ E;j 1027 : : GPIO13 = RGB LED RED CATHODE
O 02 = HIGH 105 BEBEBEEA 1026 . :
G e P i 5 Lo ! !
© o2 - Low | | 8311 83 U
i : | oggii_ gzl omgiiz
OO4=HIGH . RX 1034 : ' i2cs8ii1%2c8ii1%28ai 15221
5 i ™ ESPe2 : = SRR ARAARA AR RN
. 04 = LOW | &5 scL svp é : EXTERN 1 EXTERN 2 EXTERN 3 SERVO
! o e e |22 1|gg ||z2 |
LOW = GND I— )5 : : 2-33 2-.xx g.w¢ 9
HIGH = 3V3 COMMON ANODE ®) . : _Phown _ObrE _9Bboo @ g>3
B RGB LED _ : : ccoc||oooo| co0o0o [GloTlo]

CTTTTmmTmmmomomsomsomsossossossosossomsomsoeel EXTERN 2
** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260330-05 I 30-MAR-2026

FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
RGB LED WITH COMMON ANODE

ue_AR_17_Fd_Cube32_22_00.pdf WWW.RETRO-CIRCUITS.COM
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RETRO CIRCUITS

(c) Udo Elger

Udo's Worksheet STEM —
CUBE EXPERIMENTS WITH HEADER EXTERN 1 & EXTERN 3
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue_AR_17_Fd_Cube32_23...
. . _ 01: RGB Led - Red
g3 ! sg ! _ 02: RGB Led - Green
LIz b e i I las _03: RGB Led - Blue
8555 | 5555 | 8565 — _04: RGB Led - Pink
cooo|l[oooo |i co0o0o0 | mm} _ 05: RGB Led - Yellow
orem ]| evema | evems ; _ 06: RGB Led - Turquoise
PEkl | bEbE | bEho _07: RGB Led - White
N\ /7 i \N\ 17/ i N\ I/ _ 08: RGB Led - Red 1 Hz Blink
r‘“’"" i r‘“’” i [L‘“““’J] _ 09: RGB Led - Green 1 Hz Blink
s -fppee- - - - - 10: RGB Led - Blue 1 Hz Blink
[ A T Y EEEEEEEEEEE - ) )
] 2 _ 11: RGB Led - Pink 1 Hz Blink
|} o ||
= % ] % 2 _ 12: RGB Led - Yellow 1 Hz Blink
i g2 E _ 13: RGB Led - Turquoise 1 Hz Blink
=3
H &3¢ E _ 14: RGB Led - White 1 Hz Blink
o E _ 15: RGB Led - Red / Blue alternately Color Changer
_ 16: RGB Led - Red / Green alternately Color Changer
_ 17: RGB Led - Blue / Green alternately Color Changer
_ 18: RGB Led - Pink / Turquoise alternately Color Changer
_ 19: RGB Led - Pink / Yellow alternately Color Changer
20: RGB Led - Yellow / Turquoise alternately Color Changer
RGB LED WITH COMMON CATHODE: T RO Lo Rod ! White Far y 9
HIGH = ON ( FULL BRIGHTNESS ) / LOW = OFF —<b ed-re te Hasher
_22: RGB Led - Green / White Flasher
_ 23: RGB Led - Blue / White Flasher
= _ 24: RGB Led - Red, Green, Blue Color Changer
i B
) - : : _ 25: RGB Led - Pink, Yellow, Turquoise Color Changer
CLK |§| |§| VIN RGB LED _ 26: RGB Led - Red, Green, Blue, Pink, Yellow, Turquoise, White Changer
RGB LED zgj w [0 gg‘f : COMMON CATHODE () ! _ 27: RGB Led - HUE Color Changer
COMMON CATHODE 1015 @ E L sD2
= 102 = E 1013 : :
() 13=Low o010 mle o F oND ; : GPIO02 = RGB LED GREEN ANODE
R @ ' - HoH oeto Bt P I : o E : GPIO04 = RGB LED BLUE ANODE
1017 ﬁ @ 1027 : : GPIO13 = RGB LED RED ANODE
105 BEBEEEEE 1026 : :
O 02 = LOW 1018 1025 : H
G 1019 1033 . : ! 23!! as!! I !
.02=H|GH GND 1032 E H ! 58!! 85!! !! !
i i [ oggii ggil ggiig
BOO4=LOW r iy cepa2 fost : : 255 ii22g8iig2sggi 685
' ' : LT T T T T T I O I
. 04 = HIGH I SCL Sve : : EXTERN 1 EXTERN 2 EXTERN 3 SERVO
! " s 5 llgg  1lss ||g2 |
LOW = GND I— &) ! : 2-33 2. xx 2_oee o
HIGH = 3V3 COMMON CATHODE : : [, epod OboekE Oboo 223
B RGBLED H H ccoc||oooo| o000 _
brrmmmssssmssssssssssccsssssosocsssssooooeses * EXTERN 2
** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.
FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.
AR-17 A4 udo@elgers.com I ue-ERT20260404-01 I 04-APR-2026
028 | FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
RGB LED WITH COMMON CATHODE

ue_AR_17_Fd_Cube32_23_00.pdf
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(c) Udo Elger

Udo's Worksheet
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RETRO CIRCUITS
Udo's Worksheet
ESP32-WROOM-32

RGB PIXEL

WS2812
YF923 F5

» » ]
[ o i 0 | [ o i
W e W e W e
Voo Vo Voo
Loror Loror Loror
2295 £29% E24¢
5>%g 9883 ©92&G02
< o e < o~ E < o e
PIXEL 1 PIXEL 2 PIXEL 3

5[0

I.:I_I:\.I @O VIN
—m CMD

L=
Sb1 m _nnnn Sb3
1015 o = sp2
470 R = 102 o3 3 1013
100 m ) ° F GND
L= T u
104 o o 1012
a - - 1016 @ @ [m 8 1014
1.DouT 1017 1027
2.GND 3 w 3 w 3 w 105 ggooogoos 1026
3.3v3 8 8 8 1018 1025
4.DIN . » » 1019 1033
7| = 7| - - GND 1032
AV AV AV 52: :gzj
T
4]2 |1 4]2 |1 AL Tx EsP32 o
scL svp
1023 EN
= GND 3v3
PIXEL 1 PIXEL 2 PIXEL 3 —‘
~
=

STEM

CUBE EXPERIMENTS WITH HEADER EXTERN 3 / GPIO4
SOURCE CODE GENERATED WITH Al ASSISTANCE
FOLDER: ue_AR_17_Fd_Cube32 24...

_ 01-05WS2812 Code Sample in RED
_ 06 -10 WS2812 Code Sample in GREEN
_11-15WS2812 Code Sample in BLUE
_ 16 -20 WS2812 Code Sample in PINK
_ 21-25WsS2812 Code Sample in YELLOW
_ 26 - 30 WS2812 Code Sample in TURQUOISE
_ 31-35WS2812 Code Sample in WHITE
Code Sample A =Led 1 ON
Code Sample B = Led 2 ON
Code Sample C = Led 3 ON
Code Sample D =Led 1, 2, 3 ON
Code Sample E = Led 1, 2, 3 Blink 1 Hz

_36:WS2812 - Led 1, 2, 3 Red / Blue alternately Color Changer
_37:WS2812 - Led 1, 2, 3 Red / Green alternately Color Changer
_38:WS2812 - Led 1, 2, 3 Blue / Green alternately Color Changer
_39: WS2812 - Led 1, 2, 3 Pink / Turquoise alternately Color Changer
_40: WS2812 - Led 1, 2, 3 Pink / Yellow alternately Color Changer
_41: WS2812 - Led 1, 2, 3 Yellow / Turquoise alternately Color Changer
_42: WS2812 - Led 2 Red / White Flasher

_43: WS2812 - Led 2 Green / White Flasher

_44: WS2812 - Led 2 Blue / White Flasher

_ 45: WS2812 - Led 2 Pink / White Flasher

_46: WS2812 - Led 2 Yellow / White Flasher

_ 47: WS2812 - Led 2 Turquoise / White Flasher

_ 48: WS2812 - Red, Green, Blue Color Changer

_ 49: WS2812 - Pink, Yellow, Turquoise Color Changer

_ 50: WS2812 - Red, Green, Blue, Pink, Yellow, Turquoise, White Changer
_ 51: WS2812 - HUE Color Changer, Led 1, 2, 3 together

_ 52: WS2812 - HUE Color Changer, across Led 1, 2, 3

GPIO04 = DATA OUTPUT TO RGB PIXEL DIN

| I o L || |
. 2o P Lo .
a o [ala)
i Fgi1 R R
| s8I 22 || gzl g D|
s 88:.,.88:14.88::12,0:
lz2aal lz%aal lz%aal |l &zgd !
L 0500, 0BG,  OBOO ,  OPO
I I A A
EXTERN 1 EXTERN 2 EXTERN 3 SERVO
e MR TR [T
g xz 2.%2 2lve °
5359 638k 5 3oa o> 2
—_— e — — 830
|oooo||oooo| cooo | (GBI

EXTERN 2
** ON THE ESP32-WROOM-32 MODULE, GPIO09 (SD2) & GPIO10 (SD3) ARE NOT AVAILABLE FOR NOMAL USE
BECAUSE THEY ARE CONNECTED INTERNALLY TO THE MODULE'S SPI FLASH MEMORY.

FIGURES ARE APROXMEDIATELY, DUE TO COMPONENT TOLERANCES!
FOR FULLY COMPONENT SPECS. SEE MANUFACTURER DATASHEETS.
BRANDS AND NAMES ARE MENTIONED PURELY FOR INFORMATION PURPOSES.

AR-17 A4 udo@elgers.com I ue-ERT20260401-01 I 01-APR-2026
029 A FUNDUINO CUBE WITH ESP32 DEVELOPMENT BOARD
WS2812/ YF923F5 RGB LED PIXEL

ue_AR_17_Fd_Cube32_24_00.pdf
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