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ABSTRACT

LEDs are becoming the de facto light source in today’s world of ever expanding applications. They offer
various advantages such as longer lifetime (average lifespan of greater than 100,000 hours), increased
energy efficiency and better color properties than any other light source available today. But the LEDs
cannot produce light on their own. The component called the LED driver comprises of power electronics
circuit that converts the available 220 V /110 V AC source into DC power source for driving LEDs. The
driver isolates the high line voltage source along with its fluctuations from the LEDs thereby regulating
power supplied to them.

LED drivers are more adjustable and hence more adaptable. Apart from normal applications like bulbs,
tube lights, down lighters, and street lights, LED drivers are showing a variety of new upcoming trends.
The newer LED driver is available with value added features such as dimming, tunable or programmable,
mixing or sequencing of colors, and remote control capabilities.

The application report describes an innovative circuit which can be added to any existing Flyback, Buck or
Buck-Boost high PF single color LED Bulb or down lighter design based on TPS92314 to convert into
Tricolor based design. The color of the LEDs is controlled by repeatedly switching the AC mains switch on
and off. This application report will not cover the design details of the Flyback, buck or buck-boost for
TPS92314. Refer to the TPS92314 based Excel design calculator for designing the Flyback or buck-boost
LED driver. The TPS92314A evaluation module was used (TPS92314A19230VEVM) for integrating and
testing the additional circuit. This application report discusses the step by step design for the innovative

circuit.
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1 TPS92314A19230EVM Electrical Performance Specifications
Table 1. TPS92314A19230EVM Electrical Performance Specifications
PARAMETER | TEST CONDITIONS | MIN | TYP | MAX UNIT
INPUT CHARACTERISTICS
Voltage range 190 230 265 Y
Maximum input current 38 mA
OUTPUT CHARACTERISTICS
Output voltage, Vour 18 20 22 \%
Output load current, loyr 330 350 370 mA
Output current ripple Vin =230 Ve 280 mApp
Output over voltage Primary side bias 36 Y
SYSTEMS CHARACTERISTICS
Switching frequency 75 kHz
Full load efficiency Viy =230 Ve 85%
Power factor >0.9
2 Step by Step Design Procedure
Figure 1 shows the schematic of the TPS92314A19230EVM. Figure 2 is the schematic of the additional
circuit. We will refer to Figures 1 and 2 when choosing the various components for the design. LED
minimum voltage is 18 V and the LED maximum voltage is 22 V.
The LED testing configuration is 6 Cool LEDs in series and 6 Warm LEDs in series.
Additional circuit connections for the EVM are as follows:
* Wire connection from CN2 pin 1 on EVM is attached to LED+ point on additional circuit PCB.
* Wire connection from CN2 pin 2 on EVM is attached to LED- or Gnd point on additional circuit PCB.
2.1 Power Supply for Additional Circuit
Power supply +5 V for the additional circuit is made from the LED+ output derived from the TPS92314A
EVM by using R3, Z1, D3 and C1. R3 is a biasing resistor for shunt Zener Z1. C1 acts as a storage
capacitor for +5 V. D3 blocks the capacitor C1 from getting discharged through the EVM output circuit.
The voltage drop across D3 is 0.6 V. To generate +5 V, a zener with reverse breakdown of 5.6 V (5 V +
0.6 V), BZX79C5V6 has been chosen. R3 must be small enough that the current through Z1 remains in
reverse breakdown. The value of this current is given in the data sheet for Z1. The BZX79C5V6 device, a
5.6 V 0.5 W Zener diode, has a recommended reverse current of 5 mA. Additionally, allowance must be
made for any current through the external load, or the device current consumption. The biasing resistor R3
is thus given by the following equation:
LED —-56
R3 = MIN
Iz +1Iic (1)
Where
* |, is the recommended reverse current of Z1
* | is the current consumption of SN74AHC1G14 and CD4022B
Substituting LED,,y as 18 V, |, as 5 mA, and I as 0.16 mA, R3 is 2.4 K so the standard value of 2.2 K is
used.
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The commonly available 1N4148 is used for D3 but any small signal diode with a voltage rating greater
than 20 V can be used. C1 is empirically chosen as 47 uF. A discharge time of 5 V should be at least 6-7
seconds when the AC main switch turns off. In this regard a small preload of R6, 200 K has been chosen.

2.2 Clock Circuit

The Clock circuit is made with the Schmitt inverter gate U2 along with components R4, R5, C3 and C4.
The low cost Schmitt inverter gate 74AHC1G14 in the SOT-23 package provides a clock or sharp
transition to the next stage counter once the main AC switch is turned off. In a steady state the output of
gate pin 4 is low and once the AC main switch is turned off, the output LED voltage LED+ falls. Once the
LED voltage reaches the negative going input threshold (VT-) of U2, the output goes from low to high thus
acting as a clock for the next stage counter Ul. C4, 0.1 pF 16 V acts as a decoupling capacitor for U2.
The resistor values are calculated using Equation 2.

LEDyn
R4 =R5X(———1

35 ) )
Where
* 3.5is the VT+ positive threshold voltage for 74AHC1G14 at 5V

* LEDy, is the minimum LED voltage

Substituting LED,,y as 18 V and R5 as 12 K, R4 equals 49.7 K. A standard value of 47 K is chosen.
Ceramic Capacitor C3 ,1 nF 16 V is kept across R5 for noise immunity.

2.3 Counter along with Mosfet Control Circuit

As we need to light either cool LEDs or warm LEDs or both with 50% intensity we need a counter with at
least four parts, one output each for reaching the required states and a fourth state for resetting the
counter. Generally a four output counter is not available so the U1 CD4022B Octal Counter with 8
decoded states is used for this application.

C2, 0.1 yF 16 V acts as a decoupling capacitor for U1.

The first output QO drives MOS1, meant for Cool LEDs through R1. As QO goes high the MOSFET MOS1
turns on and ground the LEDs. TPS92314AEVM set for 350 mA current flows through the Cool LEDs.
Once the main AC switch is turned off, U2 generates a low to high transition which acts as a clock input
for UL. Pin 14 thus increments the high state from QO to Q1. Once the AC switch is turned on, the high
state of Q1 drives MOS2 which is meant for the Warm LEDs through R2.

When the AC switch is again turned off U2 generates a low to high transition for U1 clock input pin 14 thus
incrementing the high state from Q1 to Q2. Once the AC switch is turned on again the high state of Q2 is
maintained and drives MOS 1 and MOS 2 through diodes D1 and D2 respectively. The EVM is the
constant current driver of 350 mA. Thus the current is divided equally through cool and warm LEDs. As
QO and Q1 are in low state so R1 and R2 maintains Q3 in a high state.

When the AC switch is again turned off, U2 generates a clock signal transition of low to high for octal
counter U1 thus incrementing the high state from Q2 to Q3. As Q3 output is shorted to the RST pin of U1,
the counter is reset and enters the initial state. The whole process repeats if the AC switch is turned on
and off.

The values of R1 and R2 are obtained by using Equation 3.
1000

ol 3)

R1=R2=(V,; —Vy; —V,,) X

Where

* V., is the output high level maximum

e V,is the diode drop

eV, is the output low level minimum

o |, is the minimum sink current ie 0.42 mA

Substituting V., as 5V, Vy4as 0.7 V, and V, as 0 V, R1 = R2 = 10.23 K so a standard value of 12 K is

used.
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Logical N-channel MOSFET NDS351AN with RDS(on) 0.25 Q and VDS of 30 V has been chosen for
MOSFETs MOS1 and MOS2.

o
=z
5
=

&

Lo IU IU oY
& &
< <
PP P
2 2
3 3
& &

ol 8 = 8
~
&
&q
E
203
o5 8
+(
A
w>
53
8333
I}
T l
=
5
h
S
s A
2
%
B .

e
|1
17
2200pF
250VAC

T

|
§I
|
|
|
o |
|
|
|
o |
|
|
|
|
|
) e
750341087

SMAJ250A
D6
US1J-13-F
TP2
STD3NK80Z-1
11
X NP

D5

R!
0
3 Q1
=
R1
3.0

vee

—

S100 I
s«
<~
L 3
o
re I
ws !
528 w o o w
) . B 2 2 >«
k] g
" 5 B
823 558 s g2 a sk
S8 © o ofF
2 R S

y 4
o]
)
0V
1
1
2
3
)
I,
4.70F

R3
150k
BAV20W-7-F|
A~
R4
66.5k

BAT54HT1G

0.047yF
310VAC

R1

2
VDR1 —==C1
300VAC

il

Som
! <2
“TN3RE €
S&s &
£
F,
Q Q
3 3
e e
12 3
8 8
3 3
&8 &8
) gl &
j[ <
go of

Figure 1. TPS92314A19EVM Schematic
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Figure 2. Schematic of the Additional Part
3 Bill of Materials
This section lists the bill of materials for the additional part schematic.
Table 2. Bill of Materials
Item Qty Reference Value Description Part Number Manufacturer | Size
1 2 C2,C4 0.1 pF Capacitor smd Ceramic | Std Std 805
16 V, 0805, X7R
2 1 C3 1puF Capacitor smd Ceramic | Std Std 805
16 V, 0805, X7R
3 1 C1 47 uF Capacitor, Alum Std Std 00 |-
Electrolytic, 16 V, + 20%
4 3 D1, D2, D3 1N4148 Diode Rectifier, 100 V, 1N4148 Vishay DO-35
150 mA
5 1 MOS1, MOS2 | NDS351AN Trans, N-channel NDS351AN Fairchild SOT-23
MOSFET , 1.4 A, 30V
6 3 R1, R2, R5 12 K Resistor, Chip, 1/8 W, Std Std 805
1%
7 1 R4 47K Resistor, Chip, 1/8 W, Std Std 805
1%
8 1 R3 22K Resistor, Chip, 1/8 W, Std Std 805
1%
9 1 R6 200 K Resistor, Chip, 1/8 W, Std Std 0805
5%
10 1 Z1 56V Zener Diode 5.6 V 500 BZX79C5V6 NXP DO-35
mw
11 1 Ul CD4022B CMOS Octal Counter CD4022BPWR | TI TSSOP-16
with 8 Decoded Outputs
12 1 u2 7T4AHC1G14 Single Schmitt-Trigger 74AHC1G14D | TI SOT-23(5)
Inverter Gate BV
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Experimental Results

A.1  Output Waveforms of Octal Counter Ul

QO0, Q1, Q2 and CLK pins of U1 are observed each time the TPS92314A19230VEVM integrated with
additional circuit is switched ON and OFF through the AC mains switch. The difference between switch off
and the following switch on is approximately 1 second.

The settings of oscilloscope are as below:
» Green trace: Q0 of U1, 5 V/div

* Blue trace: Q1 of U1, 5 V/div

e Agua trace: Q2 of U1, 5 V/div

» Violet trace: CLK of U1, 5 V/div

During the first switch on QO goes high and Q1, Q2, and CLK and Q3 remains low as shown in Figure 3.

0 5.00v/ 5.0v/ @ 500v/ @ 500v/  2440r 5008/ Trigd § ] 225V

R

-/ —————————"—  nHKe¥ue—————ee, 2 ]
Figure 3. QO0, Q1, Q2 and CLK States of Ul During First Time Switch ON of AC Switch
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When the AC switch is turned off for the first time, with CLK set to low-to-high transition, Q0 goes low and
Q1 goes high as shown in Figure 4.

g 5.00v/ 5.0v/ @ 5.00v/ @ 5.00v/ & 24407 5002/ | Trigd £ [ 2.25V

2

Figure 4. QO0, Q1, Q2 and CLK States of Ul During First Time Switch OFF of AC Switch
SLVA760-December 2015 Tricolor control of TPS92314 Based LED Driver With Toggling of Main Light 7
Submit Documentation Feedback Switch

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA760

13 TEXAS
INSTRUMENTS

Output Waveforms of Octal Counter Ul www.ti.com

The second time the AC switch is turned on, Q1 goes high, Q0 and Q2 are low, and CLK is low.
5.00V/ 24402 5002/ | Trigd ¥ [} 2.25V

i
22
Figure 5. QO0, Q1, Q2 and CLK States of Ul During Second Time Switch ON of AC Switch
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The second time the AC switch is turned off, with the CLK set to low-to-high transition, Q1 goes low and
Q2 goes high.

0.00v/ 50v/ @ 500v/ @ 500v/  2440r 5008/ | Trigd £ [} 2.25V

I
¥
2

Figure 6. QO0, Q1, Q2 and CLK States of Ul during Second Time Switch OFF of AC Switch
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The third time the AC switch is turned on, Q2 goes high while QO0, Q1, and CLK remains low as shown in
Figure 7.

il 5.00v/ 5.0v/ B 5.00v/ @ 5.00v/ & 24407 5002/  Trigd £ QB 225V

B
Utility Menu
Figure 7. QO0, Q1, Q2 and CLK States of Ul during Third Time Switch ON of AC Switch
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The third time the AC switch is turned off with CLK set to low-to-high transition, Q2 goes low and Q3 goes
high which resets U1 thus making QO high as shown in Figure 8.

5.00V/ , 24407 5002/ | Trigd ¥ [} 2.25V

2

Figure 8. QO0, Q1, Q2 and CLK States of Ul during Third Time Switch OFF of AC Switch
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A.2 MOS1 and MOS2 Gate Drive Waveforms

Gate Drive Waveforms of MOSFETs MOS1, MOS2 and CLK pin of U1 are observed each time the
TPS92314A19230VEVM integrated with additional circuit is switched on and off through the AC mains
switch. The difference between switch off and the next switch on is approximately 1 second.

The oscilloscope settings are:

e Green trace: Gate drive of MOS1, 5 V/div
» Blue trace: Gate drive of MOS2, 5 V/div

» Violet trace: CLK of U1, 5 V/div

The first time the AC switch is turned on the Gate of MOS1 goes high (5 V) as shown in the Figure 9. As
the gate goes high the MOS1 and the Cool LEDs turn on.

5.00V/ s.ov/ B 5.00v/ @ & 24402 5002/  Trigd £ QD 2.25V

B
m——_—-%
e e T T T R

Figure 9. Gate Drive of MOS1, MOS2 and CLK State of U1 during First Time Switch ON of AC Switch
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The second time the AC Switch turns on the Gate of MOS2 goes high (5 V). As the gate goes high the
MOS2 and the Warm LEDs turn on as shown in Figure 10.

i s5.00v/ s.0v/ @ s00v/ @ ¢ 24407 5002/  Trigd £ QB 2.25V

iy

_..__/”"'

2 o

Figure 10. Gate Drive of MOS1, MOS2 and CLK State of U1 during Second Time Switch ON of AC Switch
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The third time the AC Switch turns on the Gates MOS1 and MOS2 go high (5 V). As the gates go high the
MOS1 and MOS2, the cool LEDs, and the warm LEDSs turn on.

0 5.00v/ 50v/ @ 500vV/ @ & 24407 5002/ | Trigd £ [ 2.25V

2p

Figure 11. Gate Drive of MOS1, MOS2 and CLK State of U1 During Third Time Switch ON of AC Switch
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A.l Turn On Waveforms

The LED output voltage of TPS92314 EVM along with +5 V. voltage of U1 and U2 are observed during
turn on.

The oscilloscope settings are as follows:
» Green trace: +5 V Output, 2 V/div
* Violet trace: LED Output Voltage LED+, 5 V/div

50v/ B 200v/ @ 2008/ | Trigd 4 5.25V

A

Figure 12. +5 V and LED Output Voltage Turn On Waveform

A.2 Conclusion

The novel circuit is fully explained, analyzed and tested in integration with the TPS92314A19230VEVM
operating in flyback topology. The same schematic and design equations derived are applicable for non-
isolated buck-boost or buck topology using the TPS92314.

A.3 References
e Using the TPS92314A19230VEVM User's Guide, Literature Number: SLUUAL17A
» Datasheet- CMOS Octal Counter with 8 Decoded Outputs, CD4022B, Literature Number: SCHS0027C
» Datasheet -Single Schmitt-Trigger Inverter Gate, 74AHC1G14, Literature Number: SCLS321Q
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