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Wat zijn intelligente Leds

Led’s met electronica ingebouwd

Neopixel (adafruit)

WS2812b

SK681RGBW

SMD 5050

APA 102

APA 104

APA 107 (clk en data) SMD Leds met 6 pootjes
Fob, Cob, Fcob Led Strip (nieuw)



Soorten van intelligente Leds

Rood, Groen en Blauw (RGB)

Rood, Groen, Blauw en Wit (RGBW)

Wit in verschillende tinten

Snelheid 400Khz / 800Khz (2,5 uSec /1,25 uSec)

Clock en data gecombineerd

Clock en Data gescheiden (tot 8 mega bit snelheid) (0,125 uSec)
Smd leds

Gewone leds, transparent en mat kunststof

Led controllers met losse leds (nieuw)



RGB WS2812b 1

PIN configuration

PIN function

ud

n

£
!

I

o= B
|

NO. | Symbol Function description
1 VDD | Power supply LED
2 DOUT | Control data signal output
3 VSS Ground
4 DIN Control data signal input




RGB WS2812b 2

TOL
0 code |« o B
TOH
TI1L
1 code |« [ [
TIH
RET code |l4— 185t >

*NOTE RESET NOT USE FOR OS CPU,S

Data transmission method:

reset code

Cascade method:

DI

DIN DO

PIX1

D2

D3

DIN DO

DIN DO

PIX3

==50us reset
 —— . code
<«—Datarefresh cycle 1 Datarefresh cycle 2
second . . second . .
D1 |first24vit| o4p;¢ [third 24bit first 24bat| 5, " [third 24bid
second . . second . .
D2 S Abit third 24bif > Abit third 24 biq
L =
D3 third 24bif] !;hird 24bif

D4

D4



RGB WS2812b 3

Composition of 24bit data:

HEEEEELE EEREEED B R

Note: Follow the order of GRB to sent data and the high bit sent at first.

Typical application circuit:

iV

Cl—
104

U1
l_lwp D [—2BE
2 3
DOUT V8§ [——
WS2812B )
U2
l_lvwp DN |—=
2 3
| DOUT  VsS [——
WSIs1IE -
|
l\_ _ _ _ _ _
|
u1 |
! lwp b |—3
DOUR | pout  ves —

W321812E



RGBW SK681RGBW 1

5. PIN configuration

SK6812RGBW: The default is the chips with IC integration
R: RED 620-630NM
G: GREEN 515-525 NM
B: BLUE 460-470 NM
W : White Color
-XX BW Blue White 6000-7000K
NW Natural White 4000-4500K
WS Warm Sunlight 2700-3000K

VoD 1| ]4 DIN
DOUT 2{ ] 3 VSS
NO. Symbol Function description
1 VDD Power supply LED
2 DOUT Control data signal output
3 VSS Ground
4 DIN Control data signal mput




RGBW SK681RGBW 2

/ /s N\
) / g N
DIN — / \
TPLH
L, IE:
8 /0% g "\\
I D L T .. / \ 0% o
10. The data transmission time (TH+TL=1.25us+600ns):
TOH 0 code, high level time 0.3us +0.15us
TOL 0 code, low level fime 0.9us +0.15us
TIH 1 code, high level time 0.6ps +0.15us
TIL 1 code, low level time 0.6us +0.15us
Trst Reset code, low level time 80us

11. Timing waveform:

Input code:

K 1 I'OL o
053 I TOH L i

l I Bye l
1% I'H

L Treset 1
RESETHES |- |




RGBW SK681RGBW 3

Connection mode:

De

D3

D4

DI

D2

DIN DO MDIN DOpP{DIN DOp——>
PIX1 PIX2 PIX3
The method of data transmission;
reset code
>=80us reset code
- Data refresh cycle 1 - —Data refresh cycle 2
first 32 bit Esecond 32 bit third 32 bit first 32 bit second 32 bit third 32 bit ‘
};second 32 bit third 32 bit second 32 bit third 32 bit
third 32 bit third 32 bit

Note: the D1 sends data for MCU, D2, D3, D4 for data forwarding automatic shaping cascade circuit.



RGBW SK681RGBW 4

The data transmission time

RESET

* NOTE de data stroom mag niet worden onderbroken worden door bv een Interupt

Trst Reset code, low level fime 80us

1 Treset 1

RESET C -

The method of data transmission:
reset code
>=80us reset code
- Data refresh cycle 1 - —— Data refresh cycle 2
D1 first 32 bit lsecond 32 bit ‘ third 32 bit first 32 bit I second 32 bt ’ third 32 bit l
D2 isecond 32 bit | third 32 bit I second 32 bit I third 32 bit !

D3 third 32 bit third 32 bit |

D4




RGBW SK681RGBW 5

The data structure of 32bit:

R7 | R6 | RS [ R4 | R3 | R2 | R1 | RO

67| G6|G5|G4[G3[G2|G1]|6G0
| B7 | B6 | B5 | B4 | B3 | B2 | B1| B0

W7 W6 W5 W4 W3 W2 W1 WO

Mote: high starting, in order to send data (R7 - R6 - ... _W0)

11



RGBW SK681RGBW 6

14. The typical application circuit:

DOUT
Controller
VSS

5V 1
—— 2 '3
DOUT ~ VSSP—
= SK6812RGBW e
5V U2
L_fop  pin-4DIN
e 9 . | 3
DOUT ~ VSSF———
= SK6812RGBW -
oV UX
1 4 DIN
VDD DIN—
L 2 3
DOUT  VSS|——

SK6812RGBW

12



APA 102 1

PRODUCT SPECIFICATIONS

Color Refresh Voltage | Power Weight | An | Dimens | Operating
MCD rate Consump (2) gle | ions Temperat
tion (mm) ure
L*W*H
Full color | R:500-650mcd | 400 cycle | DC5SV 0.2W 1 160 | 5x5x1.4 | -40-70°C
1677216 G:370-530mcd (MAX:1
B:120-165mcd W)

PHYSICAL DIMENSIONS

1.4mm
1DI / 6 DO DI : Data input {
i " i Cl : Clock input l
i 1= | DO ! Dataoutput |
20 1 1 5 CO CO : Clock output
| i GND : - 5mm [
3 GND 4 VCC LNVCC:+8V |

50

- P ND @ *° —P ND

™™o cO@a
*NOTE DATA + KLOK 6 Pins 8MHZ bit Klock & a 00 @ o
. sv @ sv :




APA 102 2

(Block diagram)

1

EXTERNE PINNING

"

4.5V
Requlator
|
[ck1d}—
Serial Dats
Input
SDI Decoder
8Bit 8Bit 8Bit
Shift Shift Shift
Fuhtar l‘ egister Register P
P P PWM
Generator—Pfienerator j—piGenerator
R G B
J Fixed
OSCI O—>|oscillator o Current

X

14



APA 102 3

(1) cascading data structure

Tabdem N-LED

SpI | 0*32 | LED1 | LED2

LED3 | LED4

LEDN

1*32

« >« »
Start Frame LED Fram
«

Start Frame 32 Bits

Date Field

a0000O0CO 100000000 00000000 | DO000000

Pl —

<575 Rt om0
8Bi1ts | RBRits S8Bits

LED Frame 32 Bits
MSB _LSB MSE LSB

SBits

»

111f1obal| BLUI GREEN

RED

Bits SRits *"["'i Ls '\.[.Jl] LS \l‘)l Ls

LED Frame 32 Bits
T11100TJLLTTT1IT 11111111 11111111
< >« >4 »<

8Bits 8Bits 8Bits

>

S8Bits

< >

End Frame
»

15



A P A 1 O 2 4 DATA Driving Current
MSB——LSB
00000 0/31
00001 1/31
00010 2/31
11110 30/31
11111 31/31(max)

PWM input and output signals Relations

MSB LSB

DIN XzXe X5 Xa X sXaX1X0X

oS NS AEJENEJEJEDE,

Data Duty Cycle
MSB--

00000000 0/256(min)
00000001 1/256
00000010 2/256
11111101 253/256
11111110 254/256
11111111 255/256(max)




APA 1025

11. The method of data transmission:

00/ g2 : A=z WX s aaenr X WO wmmaen > wise 1 coos x w-gaan X Wi
‘ .

Wi wmiaenit > neser cooe

o M EQamr

Note: where DO and D1 for the MCU side of the data, the default DO port signal, D1 chip will think that the signal is

abnormal, which does not affect the signal transmission.

12. The data structure of 24bit:

Note: high starting, in order to send data (R7-R6 - ...... ..B0)



APA 102 6

VCC ﬂ—, $ @ ?—Q {VCC )
< GND > s 4 a4 f —_GND )
i | i d U2 4 U3
s R P Ul 2 a0 ® = > A OE <
5 n : . g APA-104-22C
= APA-104-22C Q B APA-104-22C o =) -104-
: E8° 2 227 2 2%
L L L
ADIN1 » * — DIN 1
DIN 2 > s <_DIN2 >




APA 106 1

DIN

vcc

GND

DOUT

APA-106
Feature Package Type
* Power supply: DC4.5V~6V -
* Integrate RGB LEDs with Control IC at 1.DIN 1.DIN
same body 2 VDD 2VDD
* Support 256 dimming level for each 3.GND 3.GND
color ‘
* Internal frequency up to 800K Hz 4.D0UT 4.D0OUT ai
« Single wire signal transmission(clock il ‘
* To be controlled by external MCU to Package selection
achieve target image — :
* Available on ¢5mm, $8 mm PART No. Package
* No external component required APAAOSED 8
Timing waveform i 5
1
— 'y m&rif Dlia m IM Allowable
0 Code =55 '--l:-‘l-r-i '_>—..-Lz'..;..‘:.;;“__-_'...-..'_‘ sl
e ———p TOH | 0Ocode. highleveltime | 0.35ps +150ns
I TIH 1 code, high level time 1.36us 4 150ns
1 Code ':@, T
TOL 0 code, low level ime 1.36us + 150ns
Treset TIL 1 code, low level time 0.35ps & 150ns
RESET Code p———d e R e

19



wsS2811I1C 1

---=- Female Connector P e
(Data Input) i

| } Data Direction

r
|
i
|
|

Voltage-Adding Wire

S
&P

' x

%, N

o

"2 258 %, Addressable

,%0, groups of LEDs.
%

2 %

WS2811 IC=RGB IC




WS28111C 2

1. power supply is SV with 1 LED and constant current (18.5SmA) driving

5V

5V
T . .

depend on controller 104 104

— J—| Al—]|

Ve | || | |l
3 33R VDD OUTB OUTG OUTR 33R 33R VDD OUTB OUTG OUTR
EE DAT|= = = —A A\ \— DIN DOf— " \N\N— — = — AN ——DIN DO

SR W2811 WR811

S GNDf- — — GND GND - - GND GND)




WS2811IC 3

2.power supply is 12V with 3 LED and constant current(18.5mA) driving

12V

L

B R
x
!3_1_'_!
Rl
depend on controller o RR
I !
vee I|
i
é 33R VDD OUTB OUTG OUTR 33R
a O DAT[— — — — AANN—DIN DO—ANN— — — — — —
SR WR2811
S GNDf- — — GND GNDf—— — — — — —

104

.|||__H_~,

33R

12V

g

VDD OUTB OUTG OUTR
DIN DO

WR2811

GND GND




WS2811IC 3

Low Speed mode time

TOH 0 code,high voltage time 0.5 us +150ns
TIH 1 code,high voltage time 1.2 us +150ns
TOL 0 code,low voltage time 2.0 us +150ns
TIL 1 code,low voltage time 1.3 us +150ns
RES low voltage time Above 50us

Note: It is one half of the time when high speed mode(reset time unchanged)

23




WS28111C 4

1.  Supply voltage=5V, 1 LED for each channel and Constant Current driving of 16.SmA

VDD-5V VDD-5V
R1 R1 R1
; Sl% WS2811 ; WS2811 SE Sé WS2811
U1 U2 Un
Dl — R VDD R VDD R VDD DO
: ‘;- G NCJS— G NC"BL § G Nc-76—
3 R2 B DI c1 B DI (@] B DI c1
4]GND DO} T éf,j = GND DOJ-2 T ‘53"_] - 44GND DOj2 T .i.f,_
GND > l l l GND
2. Supply voltage=12V, 3 LED for each channel and Constant Current driving of 16.5SmA
VDD-12V: - - ° VDD-12V
:E R1 :E R1 :E R1
/R ws2811 /R Wws2811 RR ws2s11
U1 U1 u1 R3
Dl ey R VDU';. 1R VDU'B_. R VDD'B_. —W——— DO
| 6 nef- G NopH- G NcpH-
EE R2 B DI }-& ==C1 g3 == D1 & T g3 B DI p-8 ==C
44GND DO}A Mj - 24JGND DOJ2 Am._l o 4JGND DOJA
GND : : —_— : —_— . GND

24



WS2811IC 5

Data Transfer Time

TOH 0 code, high voltage time 220ns~380ns
T1H 1 code, high voltage time 580ns~1.6us
TOL 0 code, low voltage time 580ns~1.6us
TIiL 1 code, low voltage time 220ns~420ns
RES Frame unit, low voltage time >280us

25



Een enkelijke kleuren led 1

NeoPixel NeoPixel RGBW LEDs

26



Een enkelijke kleuren led 2

leds 5mm en 8mm

A R

- - & wivw ‘s W

Leds vlake kant clear en fuzzy

27



Een enkelijke kleuren led 3

NeoPixel Diffused 5mm NeoPixel Clear bmm




Keten van leds

Breadboard-friendly
RGB Smart NeoPixel

RGB LED Strip

NeoPixel Stick - 8

29



Twee dimensionale leds 1

Adafruit NeoPixel NeoMatrix 8x8 Adafruit NeoPixel Shield for Arduino
40 RGB LED Pixel Matrix

30



Twee dimensionale leds 2

NeoPixel Ring - 16 NeoPixel Jewel

31
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leleds 3

iImensiona

Twee d

ing voor oa KLOK

60ledr

X




' le leds 1

iImensiona

Drie d

4x4x4leds gevuld

33



le leds 2

Rubic Cube 5 x 5 6 vlaken

iImensiona

Drie d

Rublcks

Cube

34



Diverse leds 1

Nixie buisjes leds uren minuten en seconden

35



Diverse leds 2

APA 102 klok + data

36



Diverse leds 3

Eerste led ervaring

s
-o . L'

474}

37



Diverse leds 3b

Eerste led ervaring

38
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iverse leds 4b

APA 102 Data + Klok




Diverse leds 5

16 x 16 op flex print

1
<




Diverse leds 6

Arduino add on neopixel 5 x 8

N
<




LED Timing 1

LEr Timih§ . :

’rysw = O3 PS  FiOns T_O,H) ;‘}_,,.T LEp pi7 2 O

’T¢L il B PS5 L T1 H y 5 T LlAV)(L 7 TR |

T1hH = ob pS 1 : "

= )

Y4 L = o b Ju(; h ) T :IDE‘ _J

— £ | —-p

< AT ol PR¥T @ iT Typ Ihe Clhk

\b\oo lAth Lep VYFQL3-FE &% Shom
¥y F ~F® @ &wnm n

TR = 00 S Eisong il /5 i

TPL = v ® NS, 4R * oldpS  *igons

TIE R 2 2.0 S T 14L T obyps

TiL - Ill \_JNS ‘ i 55 3 R Olb))s "y

L“., — ’lls JJS L‘)g}'iz 11 L 3 O}l})s



LED Timing 2

Feature
* Power supply: DC4.5V-6V

* Integrate RGB LEDs withControl IC at same body

» Support 256 dimming level for each color

* Intemal frequency up to 800K Hz

* Single wire signal transmission
(clock and Data)

* To be controlled by extemal MCU to achieve
targetimge

* Available on ¢ 5mm, ¢ 8mm

* No extermal component required

Timing waveform

TOL
0 Code gl

RESET Code """

Application Note

Package Type

1.DIN 1.DIN
2.VDD | 2voo |l
3.GND 1] 3.GND
4.DOUT 4.00UT

1234

1234

Package selection

PART No. Package

YF923-F8 ®8mm

YF923-F5 ®5mm
Name Description Typically |[Allowable error
TOH | Ocode,highleveltime | 0.3 pus | *150ns
T1H [ 1code,highleveltime | 0.6 ps | £150ns
TOL [ Ocode,lowleveltime | 0.6 ps | £150ns
T1L | 1code,lowleveltime | 0.3 ps | +150ns
RES | RESET code S50pus

44



Enkele voorbeelden 1

45



Enkele voorbeelden 2

10,105

BEEEEEEY T T N

o o e o o o o e e o o e e o o

Sto [

46



Enkele voorbeelden 3

Tijd 3 Leds 96uSec = ongeveer 10 KHz

LED 1 LED 2 LED 3

L L IR R R R R R L L L LI R R R R R R R IR R R R R R R Yl sl ulalals

EFEEFFF =

Rood = 255 Groen =0 Blauw = 0 Rood = 0 Groen = 255 Blauw =0 Rood = 0 Groen = 0 Blauw = 255

# note 1000 leds refrech tijd is 32 mSec = 31 Hz



Enkele voorbeelden 4

NN T MmN -
i

9V...12V DC FFE grnmew -
. " 7N

+5V (DC)
GND

48



Enkele voorbeelden

B sketch_junéb | Arduine IDE 2.0.3 — O x
File Edit Sketch Tools Help

Q e Arduino Uno - -.,f"- -

sketch_junéb.ino

1  woid setup() {
2

3

4 ]

5

&  wold loop() {
7

8

9 ]

18

In1,Col1 UTF-8 Arduinge Uno [not connected] L)




Enkele voorbeelden

& sketch_junéb | Arduino IDE 2.0.3 - O X

File Edit Sketch Tools Help

sketch_junéb.ino

[y

void setup() {

#include <Adafruit NeoPixel.h>

#define PIN 5

LUe v s B I T W R O W

=
B - ST S T N )

Adafruit_MeoPixel cube = Adafruit NeoPixel(1l, PIN, MNEO GRB + MEOQ_KHZ8@@);
¥

SR
@ WO

void loop() {

| S I o
L ka2
e

|
[T

Qutput

Ln 5 Col 31 UTF-8 Arduino Uno [not connected] ) B



Enkele voorbeelden

File

& sketch_junfb | Arduino IDE 2.0.3

Edit Sketch Tools Help

sketch_junéb.ino

28
21
22
23
24
25
26
27
28
29
38
31
32
33
34
35
36
37
38
39
49
11
42

Cutput

void loop()

cube.setPixelColor( @

cube.show();
delay (160@);

cube.setPixelColor( @

cube.show();
delay (1088);

cube.setPixelColor( @

cube.show();
delay (1088);

k]

El

bl

Px0008308 ); Rood 25%

Bx0060008 ); Groen 58%

0x9000088 ); Blauw

75%

Ln 33, Col 49 UTF-8

Arduino Uno [not connected]

|
g

(A=

51



Enkele voorbeelden

LED 1 LED 2 LED 3
Naar bv Arduino Uno
3 e 3 e s [z
DATA IN Hats Nata o Nats 52 Nata B4
© - 0 © ©
+5V
GND
o— SENNNS — -
- N .
[_ | [— -~
. >
[ d 1 NO. Svmbol Function description
Lo [/ ' VDD Power supply LED
¢ 3 ow: 8 / -
5. PIN configuration pply
2 DOUT Control data signal output
DOUT 2 3 VYSS 3 VSS Ground
4 DIN Control data signal mput

VOLGENDE LED X

52



Enkele voorbeelden

) sketch_jun6b | Arduine IDE 2.0.3

File Edit Sketch Tools Help

o0

[

L T o B I o T O o e W

18

17
18
19
28

Cutput

sketch_jun6b.ino

void setup() {

#include <Adafruit NeoPixel.h>

#define PIN 5

Adafruit NeoPixel LEDstrip = Adafruit NeoPixel(3, PIN, NEO GRB + NEOQO_KHZ800);
¥

void loop() H

II||
=

53



Enkele voorbeelden

) sketch_jun6b | Arduine IDE 2.0.3

File Edit Sketch Tools Help

sketch_jun6b.ino

o0

19
28
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Cutput

void loop() H

LEDstrip.setPixelColor(
LEDstrip.setPixelColor(
LEDstrip.setPixelColor(

cube.show();
delay (1008);

LEDstrip.setPixelColor(
LEDstrip.setPixelColor(
LEDstrip.setPixelColor(
cube.show();
delay (1ee8);

B =@

[ = @

Bx80aakF
Bx88FFo8
BxFFOBEo

Bx88FFFF
BxFFFFE@
BxFFaerF

)5
)5
)s

)5
)s
)5

LED 1
2 GROEN 100% MAX

LED
LED

LED 1
LED 2

LED

Rood 10@% MAX

BLAUW 1@0% MAX

Rood + Groen 58% MAX
Blauw + GROEM 58% MAX
BLAUW + Rood 56% MAX

II||
=
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Demo 2

Led Nixie teller

56



Demo 3 (Rob)

Auto weg met behulp van 1 led string van 500 leds 5 meter lang
-auto’s

- Politie auto’s

- 2 baans (inhalende auto’s
- En heen en terug

57



Demo 4 (Theo)

Rubix cubes 5 x5

5

AU
sy

Rubbicks

Cube

58




Demo 5

COB FOB FCOB Led strips 12 of 24 Volt
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Demo6Db

3D cubes9x9x9 Tic TacToo vieuw

Y JF',.,_L.'
*:*_ a2l ‘ -
+ AN
L “\’;V ’
/ | +7 ‘
+ -: i "l’ :
= v e =
= 7
x

ComMo\ Q5
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Demo 7 a in ontwikkeling

3D cubes9x9x9
Voor 6D tic tac toe

62

6 Dim Tic Tac Toe in 3 D geprint

6 Dim Tic Tac Toe in 2 D geprint
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uuuuuuuuu
i Wy Wy Wiy Wy Wy Wy Wy o
o T e e ey mey
utﬂgﬂsﬁﬁﬁxffu
Ny iﬁﬁffu

= T T e e e TR ﬁff... -

uffyyﬂx.‘ |
cfiixzzxzhﬂﬂn
N e e Py, e,
T e iy Wiy Wy Wy Wy Wy,

Mal3cmx3cmx3cm
Total 30 x 30 x 30 cm

3D cubes9x9x9
Voor 6D tic tac toe

Demo 7 in ontwikkeling



Demo 8 in ontwikkeling
3D Tube 91 x 11 slises = 1001 leds
voor Flowmeter simulation display

e ® © o
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Ontwerp ideen 2

https://www.youtube.com/watch?v=g7 VKGsEKeA
Led wereld bol

- Eenronde ledstrip van 128 led’s

- Rond draaiend in hoeken van 360 / 512 graden

—

/ i\ shutter sneed 1/20



https://www.youtube.com/watch?v=g7_VKGsEKeA




