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1. Description

The TKL313SC is a LED driver IC up to 10W(AC100V) and 20W(AC200V) output
suitable for LED light bulb and LED straight bulb. It operates with AC direct input and
realizes high efficiency and high power factor without flicker by switching ripples. High
reliability is realized with simple circuit construction, and it can be applied for PMW
and TRIAC dimming. HV-MOSFET control blocks which can control output power by

outer configuration resistance are included.

2. Features

+ LED driver with non isolated direct connection to AC line

- Adaptable for AC100V(110V) and AC200V(220V)

+ Capable of configuration of LED current

+ High power factor

+ High efficiency

+ The driving circuit can be mounted on the same PCB

of LEDs.

+ Special circuit block for EMI reduction

+ PWM dimmable

+ TRTIAC dimmable

+ Power compensation function to keep out turning off
and reduce flickering in case of input voltage drop.

+ Current hold function to keep out turning off and reduce
flickering on TRIAC dimming.

+ Patent pending architecture realizes that minimum

additional parts count and cost reduction and high reliability.

+ Over Voltage Protection circuit

+ Under Voltage Lock Out circuit

+ Over Temperature Protection circuit

+ Conformity with RoHS

Applications
+ LED light bulb, LED straight bulb
+ Other indoor LED lighting system
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3. Block Diagram
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Internal circuit block

4. Pin Configuration

°
VIN i / 8 DS1
SW 2 9 7 DS2
GND
Thermal Pad
LV 3 ( ) 6 EN
VR 4 | 3 PCR
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Pin # Symbol Function

Power supply input
1 VIN Power source voltage is from 80V to 240V.
Non rectified voltage cannot be inputted.

String 1sink current (switching) input
It is connected to cathode of LED string 1.

Internal power output
3 LV It is via an internal regulator and is to be connected a
capacitor for stable operation.

4 VR Output adjustment
A resistor is connected to it for LED current adjustment.
5 PCR Power compensation configuration
A resistor is connected to it for compensation ratio setting.
PWM dimming input
6 EN Logical signal is inputted to it on dimming. It is not
connected with internal pull up in case of no dimming.
- DS2 String 3 sink current input
It is connected to cathode of LED string 3.
3 DS1 String 2 sink current input
It is connected to cathode of LED string 2.
9 GND Ground connection (Back pad for heat radiation)
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5. Package Outline

Package Outline Drawing
E-SOP-8 (150 mil)
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6. Electrical Characteristics
Absolute maximum ratings
Parameter Ratings Condition
VIN maximum input voltage 700V
SW, DS1, DS2 maximum input voltage 500V
LV, VR, PCR, EN maximum input voltage 6V
Acceptable ESD voltage 2kV HBM
200V MM

Operating ambient temperature -25~+125C
Maximum junction temperature 150C
Storage temperature -65~+150C
Soldering temperature 260°C 10sec
Electrical Characteristics
Ta=25°C, VIN=AC110V in case without notice

Parameter Symbol Values Unit

MIN TYP MAX

Input voltage (in case 110V) VIN 80 130 \Y
Input voltage (in case 220V) VIN 200 240 A%
Input current 1IN 2 mA
Additional resistance Rext 180 400 kQ
Accuracy of LED current Tout -5 5 %
OVP voltage VOVP 400 \%
LED current (Rext=300k Q) ILED 60 mA
PWM frequency FPWM 200 kHz
PWM duty DPWM 100 %
UVLO voltage VUVLO 4 \%
ON threshold voltage VEN 1.2 \'%
OFF threshold voltage VEN 0.4 A%
OTP temperature OTP 150 C
OTP hysteresis OTP 50 T
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7. Thermal characteristics

Thermal resistance

Parameter Ratings Condition
0 sa (Junction-Ambient) 75°C/IW JEDEC 51-7
6 sc (Junction-Case) 15°C/W

Heat radiation

Driving current is limited in the IC and the power consumption turn to heat. Heat
radiation from the back pad of IC is indispensable. The back pad is GND electrically,
and needs to be connected to external GND. When the heat radiation is not enough and

OTP operates immediately, LED turns off after short time

Example of mounting for heat radiation

The figure shows an example of soldering from the other side after the IC is mounted on
the pattern side of a universal board. Designers make a hole (around ¢ 3mm) in the
board and fix IC before soldering, and solder to the back pad through the hole from the
other side as shown in the figure. Please note that designers must not solder the other

IC pins, and connect the pad to the GND of circuit electrically.

J|__ TKL313 _—||—

PCB

Heat radiation plate Wwhich is connected to GND l
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An example of dropped soldering

through a hole in a universal board.
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The input power is constant to 125 ‘C regardless of the chip temperature as shown in
the figure. IC includes a temperature compensation circuit which adjusts driving
current in inversely proportional to the temperature over 100 “C. The trends of driving

current by temperature rise are as follows.

Chip temperature and input power

Pac [W]

r

4 X ] X L] 60 0 100 120 14
Tewe [C]

Chip temperature and LED driving current

ILep [MA] 50
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8. Circuit Examples

; LEDstnng1 LEDstring2 LEDstring3
Pulsating voltage vy, 05 VEE3vx10  VEE3Vx8
LED LED LED LED LED LED
AR AR AR AR AR AR
— WP PPN
\ D1
H C1
T 0uF
' C2
T T 01uF
DB1 A =
i __Cin Rin 5 B Z U1
ACIIOY \/K £ 100k TKL313SC enp [
Va : 2z Rper
Cv T R
TuF
In case of Cin=10 1 F 3 strings basic circuit

Basic operation
The figure shows a basic circuit. There are three LED strings (series) which are LED
string1, LED string2 and LED string3. IC operates as follows.
(DIC turns on the DS1 input and LEDs of string 1 and 2 when the input voltage to the
LED series exceeds total Vf of both strings.
@IC turns off the DS1 and turns on the DS2 and all LEDs when the input voltage to the
LED series exceeds total Vf of string 1,2 and 3.
Determination of total number of LEDs
Designers need to adjust the total number of LEDs according to the cases regardless of
IC has a function of pulsating voltage sense on VIN, discriminates 100V or 200V
automatically. Designers adjust the optimum LED series number after the selection of
which is significant, efficiency or power factor as LED driver.
When Vp is maximum input voltage and Vft is total Vf of LED series.
In case of AC100V input
Vp=100X1.41=141V
(DIn case efficiency is significant, adjust to Vft =Vp X0.8=112.8V
For example V=3V of one LED, the total number is more than Vft / Vf=112.8/3=23"7.
@In case power factor is significant, adjust to Vft = Vp X0.7=98.7V
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For example V=3V of one LED, the total number is around Vft / Vf=98.7/3=32.
In case of AC200V input

Vp=200X1.41=282V

(DIn case efficiency is significant, adjust to Vit = Vp X 0.8=225.6V

For example V=3V of one LED, the total number is more than Vft / Vf=225.6/3="175.

@In case power factor is significant, adjust to Vft = Vp X0.7=197.4V

For example V=3V of one LED, the total number is around Vft / Vf=197.4/3=66.
Determination of the divisional ratio of LED series number
The ratio of LED number depends on the presence of smoothing capacitor Cin.
(DWithout Cin : Power factor comes to near 100%, but flicker is remarkable.
@With Cin : The more capacitance increases, the more power factor decreases. The
flicker is reduced because capacitance fills valley of pulsating wave and reduces OFF
term.
If designers increase LED number of string 1 and decrease LED number of other strings,
it is advantageous from the point of LED light power, because ON term of string 1
increases in proportional to capacitance Cin. If the number of string 1 is too high, THD
increases and power factor decreases. For example of total 36 series
(DWithout Cin : 18 series (string 1), 12 series (string 2), 6 series (string 3)
@With Cin : 24 series (string 1), 10 series (string 2), 2 series (string 3)
Designers can calculate Cin on the basis of 65V valley fill at 3.3pF in case Vp=141V
under actual measurement. If the capacitance exceeds 3.7nF=3.3uFx72V, 65V, makes
voltage over Vf when summation of string1 is Vf=72V(24pcsx3V). LED OFF term is

eliminated with it.

Tek_g'_gi?_\q:‘wjj'@lﬁ B s - si— J{;{'-Z‘ULP-JD Tek BA® Nfited —_— L0532

LEDstr1 @Vf(72v=2{;f@ % 3V)

T DU T DU SO DU PO D HUUUE U DUUUE DU JUUUE JUUUE FUUUE TOUOE
5004 J[4.00ms | 33354 Hel3:36:09 & soov Ja00ms J&» %0V 33,9764 Hefos23402

Pulsating voltage without Cin Smoothed wave with Cin=4 u F

The assignment of the basic circuit is as follows.

String 1 : 20 series of LEDs(Vf=3V) , comes to total Vf=60V
String 2 : 10 series of LEDs(Vf=3V) , comes to total Vf=30V
String 3 : 8 series of LEDs(Vf=3V) , comes to total Vf=24V
LED total number is 38
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Parts for constructing driver circuit

Va

Va is a varistor to be added to avoid the possibility of malfunctions or damages from
noises and high voltage surges, which is around 271(AC100V), 471(AC200V). The
circuit can operate without Va, but it is needed for the solution against surge.

C1, C2

C1 and C2 are capacitors to be added to avoid the possibility of damages from rush
current, which are around 0.1 u F and high voltage film capacitors. The circuit can
operate without them normally.

DB1

DR1 is a diode bridge for full wave rectification.

D1

D1 is a diode which stops reversing charge from the smoothing capacitor. VIN detects
pulsating wave under the reversing stop, so VIN is connected to the anode of D1. If a
capacitor is connected to the anode of D1, IC cannot detect precisely and compensate
power, and string 2 and 3 do not turn ON. If no capacitance on Cin, D1 is not needed.
Cin

Cin is a smoothing capacitor for reduction of flicker.

Rin

Rin is a resistor to discharge the capacitor after the circuit OFF.

Cv

Cv is a capacitor to stabilize the inner regulator operation.

From 1uF to 2.2uF as the capacitance is recommended.

Rvr

Rvr is a resistor for configuration of LED current, has the range from 180k to 400k Q.

The relationship between Rvr and LED current is shown.
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Rvr and LED current

i —

Rvr [kQ]
Rper

The IC has power compensation function by detecting AC rectified voltage. When the
voltage is high, IC decreases driving current, when the voltage is low, IC increases
driving current. As a result of that, power Pac is almost constant although the Vac

changes as shown in figure. Rpcr is a resistor which sets the compensation ratio.

Input voltage and power

Pac [W] :

Vac[V]
Others

1. EMI filters are not needed because the circuit is not switching regulator as a chopper

and a fly back converter and so on.
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2. No measure is needed although spikes arise on the timing of ON/OFF for each strings

in principle, because IC operates internal MOSFET using soft switching.

Protection functions

Over Voltage Protection

IC stops and protects LEDs when the voltage exceeds 400V, and retains off until VIN
voltage decreases under 40V.

Under Voltage Lock Out

IC stops in case the internal voltage decreases under 4V, and remains off until the
voltage exceeds 5V.

Over Temperature Protection

IC stops in case the ambient temperature exceeds 150°C, and retains off until the

temperature decreases under 100°C.
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9. Circuit Examples

AC200V input driver

When the LED number is doubled with attention to permissible voltage of parts, the
circuit can operate under 200V. Designers can double LED voltage regardless of the

same current as 100V circuit, the driver is capable of 20W maximum compared with
10W for 100V circuit as a result.

LEDstring1 LEDstnng2 LEDstnng3
Vi=3Vx40 Vi=3vx20 Vf=3Vx16

LED

_H)). -.Eﬁ -.E;))‘ LEi)). LEﬁ - LEﬂ .
Falad P! P
D1 41
N C1
T 0.1uF
- c2
T T 0.1uF
DB1 o~ o o =
5 _|Cin {Rin z2 8365 U1
AC200V - 100k AU
Va £3z¢ Roe
g
1uF

AC200V driver =

Copyright by Takion Co.,Ltd.

Page.14



Tckion TENTATIVE

TKL313SC Application Note  Oct. 2014

2 strings driver

Designers can reduce LED wires and cost by integrating string 1 and 2.

Power factor decreases because THD increases a little on the input in this case.

LEDstring1+2 LEDstring3
WF=3Vx30 Vf=3Vx8
LED LED LED LED LED LED
_N)v' )I)v ”M ”M NM AR
D1
H c1
T 0.1uF
J_CQ
’7 T 0.1uF
DB1 w| | o = =
5 _|Cin {Rin 2385 |Ul
ACW_U% y il TKL313SC oo -2
Va - £§=c¢ Rper
T Rvr
TuF

AC100V, 2 strings circuit
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TRIAC dimming circuit
The basic circuit can operate under TRIAC dimming by ON/OFF according to firing
angle. IC has a function of retaining LED current to reduce off-term and flicker when

firing angle is too small. SW needs to be connected to the anode of string 1 for this

function as follows.

/\a«c\ (S e

ILep Iiep

ILeD
LEDstring1+2 LEDstring3
Vf=3Vx10 WV=3Vx8
LED LED LED LED LED LED
_”z‘/‘ Hz")‘ HM! ’I)‘)‘ H)‘)‘ H)‘)‘
D1
” C1
L 0.1uF
' C2
T T 0.1uF
DB1 o | o w =
i __Ci!'l Rin 2 8 Z K U1
ACIO0Y T 100k TKL3135C ono |2
Va $F > Rpcr
Cv T+ Rvr
1uF

AC100V TRIAC dimming circuit
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PWM dimming circuit

All strings turns ON when EN is opened under internal pull-up, the string 2 and 3 turn
OFF when EN is connected to GND. IC can operate with PWM dimming in proportional
to its duty by H/L logical input to EN. Maximum PWM frequency is 200kHz and

maximum duty is 100%.

LEDstring1 LEDstring2 LEDstring3
Vi=3Vx20 Vi=3vx10 V=3x8
LED LED LED LED LED LED
A AR An AR An AR
PPN
D1
N C1
T 0.1uF
L P
T 0.1u
DB1 o | o @ =
N Cin /Rin s 8 z & (Ul PWM INPUT
= o = Max: 6V
ACE\L{ 100k TKL313SC ouo [ J_L
Vaﬂ S Rpcr
CV Ty RVT
TuF

AC100V, PWM dimming 3 string circuits
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10. Tape and Reel configuration
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1. 10 sprocket hole pitch cumulative tolerance £0.2mm

2. Camber not to exceed Imm in 100mm.

3. Material is Anti-static Black Advantek Polystyrene.

4. Ao and Bo measured on a plane 0.3mm above the bottom of the pocket.

5. Ko measured from a plane on the inside bottom of the pocket to the top surface of the

carrier.

6. Pocket position relative to sprocket hole measured as true position of pocket hole.
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NOTICE

+ The contents in this document are subject to modify, for improvement and other purposes
without notice. Please make sure that the document is the latest version before use.

+ The operation and circuit example in this document are provided for reference purposes
only. We take on no responsibility for violation of industrial property, intellectual property,
other rights of us or the third parties that be attributed to these examples.

+ In the case of using that the product in this document, the user must take on responsibility
for considering and determining.

- We will continue to improve quality and reliability of our products, but semiconductor
products have certain fault and failure rates by nature.

The user must take on responsibility for designing and checking to secure equipment and
system so that a part failure may not lead to injury accident, fire, social damages and others.

- Please don't use these products for devices that request high responsibility (such as
transport machines and their control units, disaster prevention equipments, any kind of
security equipments, aerospace instruments, nuclear power control units, medical
instruments for life support and others.)

+ The contents in this document must not be transcribed or copied without our consent.
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