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1

Introduction

An RGB LED is an LED which consists of a red, a green and a blue LED. Most have four connections:
a common anode and a ground for each color LED. With the three colors, most of the visible colors
can be produced by altering the current through each LED. When all three colors are 100 percent
active, white light will be observed. When for instance only red and green are 100 percent active,
yellow light will be observed. In this way, colors can be blended to produce other colors.1
One thing to consider is the intensity of the di↵erent colors. Each LED has a di↵erent intensity for
the same current. In the code this should be incorporated, otherwise the resulting color will be blue
instead of purple when combining red and blue.
There are di↵erent ways of controlling the RGB LED. One way is by implementing buttons or rotary
switches for each color, but this way it will be hard to generate a desired color and no patters can
be produced. Controlling HSB-values with rotary switches will make it somewhat easier to produce
a desired color, since the user only has to focus on one aspect of the color at a time. I.e. hue,
saturation and brightness respectively. Another way to control the emitted color of an RGB LED
is by powering it with a microcontroller, such as an Arduino or Teensy. By changing the output
voltage of the controller in the code the current through the three LEDs can be changed, changing
their intensity. This way colors can be generated in a desired pattern. In this mini project a
microcontroller for a RGB LED is designed.
To make it easier for the user to control the LED pre-coded patterns, such as a fading pattern
(gradual color change) or a blinking pattern (flickering color change), can be coded. This way, the
user selects a pattern and it will continue repeatedly.
A small casing will be build to prevent damaging the electronics and to make it look nicer. This
housing includes cutouts for wiring and a switch.
Please see the proposal for this project in Appendix A for more information.

1 Source:

https://en.wikipedia.org/wiki/Light-emitting_diode#RGB_2
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The circuit

A typical operating voltage for a RGB LED is 5V. Since the output voltage of a Teensy is 3.3V at
most, an external power source is needed. Therefore, a circuit with op-amps is designed. Using these
op-amps, subtracting circuits are made. A subtracting circuit provides an output in the range 0-5V,
proportional to the di↵erence between the attached 3.3V and the analog output of the Teensy. It
was thought that the RGB LED could be powered and dimmed this way. In Figure 2.1 a schematic
drawing of this circuit can be seen. Please note that the op-amps need to be powered as well.

Figure 2.1: The first concept using op-amps
The potmeter attached to the input works as a voltage divider to create a variable input voltage.
This voltage would then be used in the code to determine which voltage levels to output, and dim
the LED this way. A switch which can connect either to input one or input two would be used
to decide which input is high. The code then runs either program one (gradual color change) or
program two (flickering color change) based on this input. Finally, a button is placed between the
power supply and the Teensy to turn the system on or o↵.
To make the system more useful for decorative purposes, it was decided to change the single RGB
LED to an RGB LED strip. Unfortunately, no real datasheets were provided. The only information
mentioned on the package was that it worked on 5V and 1A. Since op-amps can only provide small
currents, an external power supply needed to be attached to the strip. Moreover, it was realized that
LEDs work at a set voltage and can thus not be dimmed by changing it. Therefore, the subtracting
circuits were omitted and replaced by transistors, which had the advantage that the 3.3V power
source could be left out as well. The brightness of the LEDs would then be altered by changing the
current running through them, using the transistor.
To power the LED strip with the external power source, FETs were preferred to use because their
behavior was more easily understood. However, as was seen during the practical assignment on
diodes and transistors, a FET’s tripping point is around 3.3V and can therefore not be powered by
the Teensy without using additional amplifiers. In the LM324 provided for this course, four op-amps
are available. They are, however, placed very closely together. This causes the circuit to become
cluttered and indistinguishable as can already be seen in Figure 2.2 in which yet only half of all
wires was attached.
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Figure 2.2: The circuit becoming cluttered
By using bi-junction transistors, the circuit could be more clear, because they do not demand an
op-amp to switch as they are current operated instead of voltage operated. The transistor should be
able to handle a collector current (Ic ) of 1A in order to power the LED strip. Therefore, a BD679
NPN transistor is used for which the datasheet can be found in Appendix C. For the transistor to be
able to conduct current through its collector, it needs to be in saturation. In order to achieve this,
the base current (Ib ) needs to have a certain value, which can be calculated using Equation 2.1.
Ib ⇡ 10 ·

Ic

⇡ 10 ·

1
⇡ 13.3 mA
750

(2.1)

In which the factor 10 is used to put the transistor in saturation and is the DC current gain of
the transistor. Ib should thus equal 13.3 mA, which can be provided by the Teensy without any
additional components. To ensure this current, a resistor needs to be added to the base. Assuming
a voltage drop in the transistor of 0.7 V between base and emitter because of the diode and a Teensy
output voltage of 3.3V, the voltage drop over this resistor should be 2.6V. This results in a needed
resistance of 195 ⌦. Since only three 100 ⌦ and three 150 ⌦ resistors are at disposal and in order
to operate three transistors, two resistors of 100 and 150 ⌦ were placed in series. This results in a
slightly higher 250 ⌦ equivalent resistance, which in turn yields a lower base current. This current
turned out to be enough to operate the transistor nevertheless.
While connecting the LED strip, it turned out that it was a common anode strip instead of the
common cathode one that was anticipated on. Therefore, the circuit changed again slightly. On top
of that, the individual resistances to ensure the right current through the red, green and blue LED
of the RGB LED were already placed internally in the strip. Consequently, they are not calculated
here.
The power switch placed between the power source and the input pins of the Teensy can be used
to turn the system on or o↵. Setting it to one side turns on program one, and to the other side
program two. Program two is just to turn the system o↵ now, given the limited space to place
all the component. But can be changed easily to include another pattern as can be seen in the
code attached in Appendix B. To prevent a floating input and output, pull down resistors are used
between the in-/output and ground. The values of these resistors are all 10 k⌦ as a lot of these
were present and the value does not really matter for their workings. Furthermore a potmeter was
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connected between the power supply and the Teensy. Turning the knob changes the delay time in
the code, resulting in quicker/slower change of colors.
A schematic of the total revised circuit can be seen in Figure 2.3. The total built circuit can be seen
in Figure 2.4. Here information about each color is sent over the same color wire. The yellow wire
is used to send information about the potmeter. Finally positive power supply is red and ground is
black (except for the LED strip, here the common anode is black since a red wire is used for the red
LED).

Figure 2.3: Schematic of the revised circuit

Figure 2.4: The built circuit
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Conclusions

After building the circuit it worked as should be. The system can be turned on or o↵ using the
switch and by turning the knob of the potmeter the delay between color changes can be altered.
A demo of the system is provided on https://youtu.be/xrAcZUX0_9k. The system can be
expanded by programming the code as to change the color depending on for example the weather.
In conclusion it can be said that the final circuit di↵ered a lot from what was first expected. This is
caused by the RGB LED used in this prototype turning out to be a common anode LED, because
three ground connections for red, green and blue were present. Also, internal resistors prevent
damaging the LED to an extent and thus no additional resistors are needed to prevent damaging
the LEDS when using 5V. Furthermore, it does not matter to which side of the LED strip the power
circuit is connected, because all the LEDs are connected in parallel.
Furthermore, it was learned that LEDs are current operated devices. Dimming them is the result
of a changing amount of current that flows, rather than just changing the output voltage from the
Teensy.
Finally, it was concluded that bi-junction transistors are the most suitable for this project, because
then no op-amp was needed since they are current operated. This helped in keeping the circuit neat
and simple.
Taking these conclusions into account, the circuit found in Figure 2.3 is the most appropriate for
controlling the specified RGB LED with Teensy.
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Reflection

Bouman, N.L.J.
If we had first carefully analysed the RGB LED strip, it would be easier to make the circuit work
the first time. We unjustly assumed that the LED strip was a common cathode LED. This caused
trouble with prototyping.
With regard to the coding, we had connected one of the outputs of the potmeter to a pin that did
not support AnalogRead at first. Also, we had falsely declared input 1 to be read analogically. This
way, activation of a di↵erent pattern did not work.
Furthermore, a small mistake was made when drawing the initial circuit (Figure 4.1). The potmeter
is not connected to the ground. Also, the 3.3 V DC power source is connected the wrong way around
and the plus and minus symbols on the op-amps are swapped.

Figure 4.1: Wrong circuit
Lastly, I think Arduino is more convenient than Teensy, because it is able to power 5V, it is more
reliable, demands less space on a breadboard and more information is available for Arduino on the
internet.

Weekers, W.
At first I thought designing a system with LEDs would be too easy, as we had worked with them
already during the practical assignments in which we did not encounter problems with them. However, an RGB LED turned out to be harder than expected to implement. First it was thought that
LEDs were voltage operated, but they turned out to be current operated. I should have noticed this
earlier after looking at the datasheet, but I did not. Since op-amps can only produce small currents
these could not be used to power the LEDs without any additional components. Furthermore since
they are placed close together they clutter your design. Therefore we decided to omit them an use
transistors instead. Since FETs cannot be powered by a Teensy without op-amp we chose to use
bi-junction transistors. At first I was not fond of this, because I did not fully understand their inner
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workings. However, it turned out I understood them well enough to implement them as the system
worked as expected.
From this mini project I learned the di↵erence between a common anode and a common cathode
component. First I thought the LED strip would be common cathode, but that turned out not to
be the case. Luckily this was easily fixed in the circuit. Furthermore I learned the use of pull down
resistors. I had heard of them, but never seen their practical implementation. Using them in this
system made clear why they are needed.
Overall I am happy with our final system. It works like it should and it can be used to design more
complex systems, for example an alarm system. Furthermore, designing a whole system turned out
to be a very good learning experience.
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Appendix A

Proposal

A smart LED lighting system.
The proposed lighting system uses the di↵erent connections of an RGB LED strip (5V) to control
the output color of the LED by altering currents though the connections separately. This way, a
large variety of colors can be produced, altered and programmed chronologically. A pattern can be
created this way.
Further research regarding user interaction needs to be carried out. A possible interaction method
involves three rotary knobs which adjust either the RGB or HSB values. Another use would be the
strip changing color depending on the weather.
The product is targeted at home decoration and/or lighting.
The systems includes an RGB LED strip, a Teensy microcontroller, transistors, suitable resistors,
and a power supply (5V).
A transistor is needed to power the LED strip (5V), since Teensy cannot output sufficient voltage
and current.

Figure A.1: A common anode RGB LED
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Appendix B

The Teensy code

1 /*
RGB LED
2
3
Weeker, W. | 0956095 | TU/e
4
Bouman, N.L.J. | 1264915 | TU/e
5
6
’LED patterns’: 2018 Wouter Weekers & Nijs Bouman | TU/e. DBB200
Creative Electronics 2018.
7
Reuse or distribution of this code without written permission of the
owners is prohibited.
8
9
This code generates two RGB LED lighting patterns.
10
11 */
12
13 int Vin1 = 5;
// swicth program on
14 int Vin2 = 7;
// swicth program off
15 int Vin3 = A5;
// potmeter - altering refresh rate
16 int Rled = A6;
// the PWM pin that the red pin of the LEDs is
attached to
17 int Gled = A8;
// the PWM pin that the green pin of the LEDs
is attached to
18 int Bled = A7;
// the PWM pin that the blue pin of the LEDs is
attached to
19
20 int brightnessR = 0;
// how bright the red LED is
21 int brightnessG = 0;
// how bright the blue LED is
22 int brightnessB = 0;
// how bright the green LED is
23 int fadeAmount = 5;
// how many points to fade the LED by (from 0
to 255)
24 int color = 1;
// first color to fade (red)
25 int refresh = 10;
// time between every fade (ms)
26 int val1 = 0;
// variable to store the read value of Vin1
27 int val2 = 0;
// variable to store the read value of Vin2
28
29 // the setup routine runs once when you press reset:
30 void setup() {
31
// declare input pins:
32
pinMode(Vin1, INPUT);
33
pinMode(Vin2, INPUT);
34
pinMode(Vin3, INPUT);
35
// declare output pins:
36
pinMode(Rled, OUTPUT);
37
pinMode(Gled, OUTPUT);
38
pinMode(Bled, OUTPUT);
39
40 }
41
42 // the loop routine runs over and over again forever:
43 void loop() {
44
45
// determine selected mode
46
val1 = digitalRead(Vin1);
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

val2 = digitalRead(Vin2);
// using the potmeter to set the refresh rate
refresh = analogRead(Vin3) / 10;
// mode 1
if (val1 == HIGH) {
// select color
if (color == 1) {
// set the brightness of RGB pins:
analogWrite(Rled, brightnessR);
// change the brightness for next time through the loop:
brightnessR = brightnessR + fadeAmount;
// wait for x milliseconds to see the dimming effect
delay(refresh);
// reverse the direction of the fading at the ends of the fade:
if ( brightnessR >= 255) {
fadeAmount = -fadeAmount;
}
// select next color
if (brightnessR < 0) {
color = 2;
fadeAmount = -fadeAmount;
}
}
if (color == 2) {
analogWrite(Gled, brightnessG);
brightnessG = brightnessG + fadeAmount;
delay(refresh);
if ( brightnessG >= 255) {
fadeAmount = -fadeAmount;
}
if (brightnessG < 0) {
color = 3;
fadeAmount = -fadeAmount;
}
}
if (color == 3) {
analogWrite(Bled, brightnessB);
brightnessB = brightnessB + fadeAmount;
delay(refresh);
if ( brightnessB >= 255) {
fadeAmount = -fadeAmount;
}
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101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154 }

if (brightnessB < 0) {
color = 4;
fadeAmount = -fadeAmount;
}
}
if (color == 4) {
analogWrite(Rled, brightnessR * 0.9);
analogWrite(Gled, brightnessG * 0.7);
brightnessR = brightnessR + fadeAmount;
brightnessG = brightnessG + fadeAmount;
delay(refresh);
if ( brightnessB >= 255) {
fadeAmount = -fadeAmount;
}
if (brightnessB < 0) {
color = 5;
fadeAmount = -fadeAmount;
}
}
if (color == 5) {
analogWrite(Rled, brightnessR);
analogWrite(Bled, brightnessB * 0.7);
brightnessR = brightnessR + fadeAmount;
brightnessB = brightnessB + fadeAmount;
delay(refresh);
if ( brightnessB >= 255) {
fadeAmount = -fadeAmount;
}
if (brightnessB < 0) {
color = 1;
fadeAmount = -fadeAmount;
}
}
}
// mode 2
if (val2 == HIGH) {
analogWrite(Rled, 0);
analogWrite(Gled, 0);
analogWrite(Bled, 0);
//
//
//
//
//

optional second program:
analogWrite(Rled, 255);
delay(200);
analogWrite(Bled, 255);
delay(200);

}
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Appendix C

Datasheets

BD679
NPN Power Darlingt on Transist ors
Feature:
• NPN Plastic Power Darlington Transistors.

TO-126 Plastic Package
Dimensions

Minimum

Maximum

A

7.4

7.8

B

10.5

10.8

C

2.4

2.7

D

0.7

0.9

E
F

2.25 (Typical)
0.49

0.75

G

4.5 (Typical)

L

15.7 (Typical)

M

1.27 (Typical)

N

3.75 (Typical)

P
S

3.0

3.2
2.5 (Typical)
Dimensions : Millimetres

Pin Configuration:
1. Emitter
2. Collector
3. Base

Page 1
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BD679
NPN Power Darlingt on Transist ors
Absolute Maximum Ratings
Parameter

Symbol

BD679

Collector Base Voltage

VCBO

Collector Emitter Voltage

VCEO

Emitter Base Voltage

VEBO

5.0

Collector Current

IC

4.0

Base Current

IB

0.1

Total Power Dissipation at Ta = 25°C
Derate above 25°C

Unit

80

V

A

1.25
10

W
mW/°C

40
0.32

W
W/°C

Tj, Tstg

-55 to +150

°C

Junction to Case

Rth (j-c)

3.13

Junction to Ambient in Free Air

Rth (j-a)

100

PD

Total Power Dissipation at TC = 25°C
Derate above 25°C
Operating and Storage Junction
Temperature Range
Thermal Resistance

°C/W

Electrical Characteristics (Ta = 25°C unless specified otherwise)
Parameter

Symbol

Test Condition

Collector Emiiter Voltage

VCEO*

IC = 50mA, IB = 0
BD679

Collector Cut off Current

ICEO
ICBO

Emitter Cut off Current

Minimum Maximum
80

VCE = Half Rated VCEO, IB = 0
VCB = Rated VCBO, IE = 0
-

ICBO

VCB = Rated VCBO, IE = 0
TC = 100°C

IEBO

VEB = 5V, IC = 0

Collector Emitter Saturation Voltage

VCE (sat)*

IC = 1.5A, IB = 6mA

Base Emitter On Voltage

VEB (on)*

IC = 1.5A, VCE = 3V

-

Unit

-

V

500
0.2

µA
mA

2.0

mA

2.0

mA

2.5

V

-

DC Current Gain

hFE*

IC = 1.5A, VCE = 3V

750

-

-

Small Signal Current Gain

|hfe|

IC = 1.5A, VCE = 3V
f = 1MHz

1.0

-

-

*Pulse Test : Pulse Width = ≤300µs, Duty Cycle = ≤2%.
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Appendix D

Poster
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