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2 Channel Step-up DC-DC Converter IC for White LED Driver
TK61220AQ4

1. DESCRIPTION 3. APPLICATIONS

The TK61220AQ4 is a 2ch step-up DC-DC converter B LED backlight for displays

White LED driver IC. The IC has 2 independent step-up B General Illumination, White LED driver
circuits that drive 2 external MOSFETSs allowing many B Step up DC-DC converter

LEDs per channel.

If chl stops operating due to an open in the chl LED
string, ch2 will continue to operate and vise versa. Each
channel is independently driven with the appropriate
voltage increasing efficiency and reducing overall heat VDD  ENI AGND PGND EN2  PVINZ
generation.

LED brightness control is available using PWM dimming B
or bias current dimming. UVLO, over-voltage protection PVINL | 1
circuit, FET over-current protection circuit and LED -
over-current protection circuit are built in. An external M
resistor and capacitor can set oscillator frequency. T

1s1 3

2. FEATURES -

ovP1 4

B Each channel can be operated independently -
B External n-channel power MOSFET FBL |5 |
W Bias current dimming, PWM dimming .
W Oscillator frequency, Max 2.2MHz BAOUTL| & 1 mmmmm e |1 | peoorz
B Maximum duty cycle can be set i el B S B et B St B o

B Synchronize parallel operation between two or more L1l Ll

ICS PGOOD1 DIM cT RT REF DTC

4. PIN CONFIGURATION

117 152

16 ovP2

115 FB2

p—
Q —————————————————————— 1 18 sw2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

| | 14 | EAOUT2
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B UVLO, over-voltage, FET over-current, LED over-
current protection
B Non-lead small package less than 1.0mm

5. BLOCK DIAGRAM

AGND
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6. ABSOLUTE MAXIMUM RATINGS
T,=25°C
Parameter | Symbol | Rating | Units | Conditions

Absolute Maximum Ratings

VDD Pin Voltage VDD,MAX -0.3~16.0 Vv

PVIN1 Pin VOltage VPVINl,MAX -0.3~16.0 Vv

PVIN2 Pin VOltage VPVINZ,MAX -0.3~16.0 Vv

SW1 Pin Voltage VswiMAx -0.3 ~ Vppt+0.3 Vv

SW2 Pin Voltage Vswamax -0.3~Vppt0.3 Vv

EN1 Pin VOltage VENl,MAX -0.3~16.0 Vv

EN2 Pin Voltage VENZ,MAX -0.3~16.0 V

PGOOD1 Pin VOltage VPGOODl,MAX -0.3~16.0 Vv

PGOOD2 Pin VOltage VPGOODZ,MAX -0.3~16.0 Vv

I1S1 Pin Voltage VISl,MAX -0.3~16.0 Vv

IS2 Pin Voltage Vis2.MAX -0.3~16.0 \Y

OVP1 Pin VOltage VOVPl,MAX -0.3~16.0 Vv

OVP2 Pin VOltage VOVPZ’MAX -0.3~16.0 V

DIM Pin Voltage VDIM,MAX -0.3~16.0 Vv

FB1 Pin VOltage VFBl,MAX -0.3~6.0 Vv *2

FB2 Pin VOltage VFBZ’MAX -0.3~6.0 Vv *2

EAQUT1 Pin Voltage VEAOUTl,MAX -0.3~6.0 Vv *2

EAOUT?2 Pin VOltage VEAOUTZ,MAX -0.3~6.0 Vv *2

REF Pin VOltage VREF,MAX -0.3~6.0 Vv *2

DTC Pin Voltage VDTC,MAX -0.3~6.0 Vv *2

RT Pin VOltage VRT,MAX -0.3~6.0 Vv *2

CT Pin VOltage VCT,MAX -0.3~6.0 Vv *2

Storage Temperature Range Tstg -40 ~ +125 °C

Power Dissipation Pp 2500 mw | *1
Operating Condition

Operating Temperature Range Top -40 ~ +105 °C

Operating Voltage Range Vop 3.0~145 \Y VDD Pin, PVIN1 Pin, PVIN2 Pin

Maximum Operating Frequency fmax 2.2 MHz

*1 Pp must be decreased at the rate of 25.0mW/°C for operation above 25°C on TK61220AQ4’s evaluation board.
*2 Please does not apply a voltage greater than Vger during IC operation.

The maximum ratings are the absolute limitation values with the possibility of the IC breakage.

When the operation exceeds this standard quality can not be guaranteed.

GC3-N008B
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7. ELECTRICAL CHARACTERISTICS

Vpp=5V, T,=25°C, Ry=16kQ, Ct=22pF, C, =1000pF

Value . .
Parameter Symbol MIN T TYP | MAX Units Conditions
Quiescent Supply Current lo - 1.0 1.5 mA | *4
Standby Supply Current Ist - 0.01 1.0 BA | Ven1=Ven2=0.3V
REF Voltage VRer 245 | 250 | 255 \Y/ I.=0mA
Vgrer Load Regulation LoaReg - 10 30 mV | I.=0~1mA
EN Voltage High Voltage VEN H 1.2 - 145 \Y
EN Voltage Low Voltage VEeN L 0 - 0.3 \Y
Undervoltage Lockout Section
Threshold Voltage Vuvio 2.6 2.7 2.8 V Vpp falling
HyStereSiS VUuvLo HYs - 0.18 - V
Oscillator Section
Oscillator Frequency fosc 0.91 1.0 1.09 | MHz | Vprc=1V
RT Voltage VR 0.45 0.5 0.55 \Y
Over Voltage Protection Section
Threshold Voltage | Vow | 135 | 15 | 1.65 V | Vowerising
LED Over Current Protection Section
Threshold Voltage | Vieo | 063 | 07 | 077 V | Vigprising, *5
FET Over Current Protection Section
Threshold Voltage | Vis | 008 | 01 | 012 V | Vigrising
PGOOQOD Section
Output Low Voltage VoL - 0.2 0.4 \Y; Lpfofg_lmA’ Vieo=0.77V
Error Amplifier Section
Vg1 0.481 | 05 | 0.519 \Y/ Vpim=2.0V, *2
Vg o 0.481 | 05 | 0.519 \Y/ Voim=14.5V, *2
Feedback VOItage VFB 3 - 0.01 0.1 Vv VD|M=0.2V, *2
Vrg 4 0.481 | 05 | 0.519 \Y/ *2,*3
Voltage Gain Ay - 60 - dB
Band Width BW - 1.5 - MHz | Ay=0dB
EAOUT OUtpUt VOltage ngh Level VEAOUTH 2.35 2.49 - Vv V=0V, *3
EAOUT Output Voltage Low Level VEAOUT L - 0.01 0.1 Vv *3, *4
Driver Section
Driver Rise Time t, - 40 - nS
Driver Fall Time ts - 25 - nS
Pull Down Resistance Rout - 20 - kQ

*1 Timer latch turns on, and measures.

*2 FB pin connects to EAOUT pin, and measures.
*3 DIM pin connects to REF pin, and measures.

*4 FB pin connects to REF pin, and measures.

*5 EAOUT pin connects to REF pin, and measures.

GC3-N008B
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8. TEST CIRCUIT

B Test Circuit

EN1

EAOUT1
PGOOD1

AGND PGND

EAOUT2

PGOOD2

Rr=16kQ, Cy=22pF, C_=1000pF

B Measurement Conditions

Parameter 0V Setting ConnetI:Dtisnto REF Measltpjirr?ment Conditions
Quiescent Supply Current Vis, Vovp | FB, DTC
Standby SUpply Current Vs, Vove FB, DTC Ven1=Ven2=0.3V
Overvoltage Protection Threshold Voltage Vis, Ve DTC SW Vovp input
LED Overcurrent Protection Threshold Voltage | Vis, Vove | DTC, EAOUT SW Vg input
FET Overcurrent Protection Threshold Voltage | Vove, Ves | DTC SW Vs input
PGOOD OUtpUt Low VOItage *1 Vs, Vove DTC, EAOUT PGOOD lpgoop=1MA

*1 After the LED overcurrent protection turns on, it inputs ImA into the PGOOD pin and measures the PGOOD pin

voltage.

GC3-N008B
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9. TYPICAL CHARACTERISTICS

Vpp=5V, T,=25°C, Rr=16kQ, Ct=22pF, C_ =1000pF

W Quiescent Supply Current vs. Supply Voltage B Shutdown Supply Current vs. Supply Voltage
2.0 2.0
1.8 | 1.8 |
— 16 —. 16 |
< | < i
g 14 T,=425°C T,=+105°C 5 14
= 12 | \l = 12
[} [
= 1.0 £ 10 t
L (@]
L_; 0.8 T,=-40°C > 08 |
g g'i %0'6 | T,=-40°C
’ 0.2 7 - T,=+105°C TeC
2t 0.2 2=+105° \
0.0 0.0 L ===
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Supply Voltage [ V] Supply Voltage [ V]
W Reference Voltage vs. Supply Voltage W Reference Voltage vs. Temperature
2.70 2.70
2.65 | 2.65 |
> 260 | > 260 |
§ 255 | ;:f» 255 |
S 250 | S 250 |
. 2 =
S 245 | 2 245 |
o o
£ 240 | £ 2.40
o o
235 | 235 |
2.30 2.30
0 2 4 6 8 10 12 14 16 50 25 0 25 50 75 100 125
Supply Voltage [ V] Temperature [°C]
W Reference Voltage vs. Load Current W Supply Voltage vs. Temperature
3.0 3.0
—_ 2.5 29 |
> ~—
- \ > UVLO OFF
o 2.0 -
g N\ g 28 |
S 15 | 5
@ > [—— N
5 L0 \ s UVLO ON
€ g5 | P26 |
Vpp=3V
0.0 2.5
0.1 1 10 50 -25 0 25 50 75 100 125
Load Current [ mA ] Temperature [°C]
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B Enable Threshold Voltage vs. Supply Voltage

Enable Threshold Voltage [ V ]

1.6
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

T.=+25°C T,=-40°C
i A\
X
L m—
T,=+105°C
0 2 4 6 8 10 12 14 16

Supply Voltage [ V]

W Feedback Voltage vs. Supply Voltage

Feedback Voltage [ V]

0.53

0.52

0.51

0.50

0.49

0.48

0.47

2

4 6

8

10 12 14 16

Supply Voltage [ V]

B Feedback Voltage vs. DIM Input Voltage 1

Feedback Voltage [ V]

0.6

0.5

0.4

0.3

0.2

0.1

0 2

4 6

8

10 12 14 16

DIM Input Voltage [ V]

B RT Voltage vs

0.60
0.58
0.56
0.54
0.52
0.50
0.48
0.46
0.44
0.42
0.40

RT Voltage [ V]

. Supply Voltage

0 2 4 6 8 10 12 14 16
Supply Voltage [ V]

B Feedback Voltage vs. Temperature

0.53

0.52

0.51

0.50

0.49

Feedback Voltage [ V]

0.48

0.47

-50 -25 0 25 50 75 100 125

Temperature [°C]

B Feedback Voltage vs. DIM Input Voltage 2

0.6

o
w

<
~
T

o
N

Feedback Voltage [ V]
o
w

o
=

/

o

o
o

0.5 1.0 1.5 2.0 2.5
DIM Input Voltage [ V]
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W Error Amplifier Gain and Phase vs. Frequency

IMAG

FHA

RB:

3

S

TA/R MK ( 205): 0.9155d8 1008/ 3000008
TAR MK@ ¢ 285): 61.3502° Sge # 9.200°
L] !
Ay
9
=] e
L]
[
NetWork
9
Input=-70dBm
STA: 188 Hz STO: 18MHz RBW=3Hz

W Oscillator Frequency vs. Timing Resistance

Oscillator Frequency [ MHz ]

10
Cr=15pF ||
Cr=22pF ~:\
1 [—C=47pF \
Cr=100pF \\\
0.1
1 10 100 1000
Timing Resistance [kQ]

W Oscillator Frequency vs. Supply Voltage

Oscillator Frequency [ MHz ]

1.20
1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80

0 2

4 6 8 10 12 14 16
Supply Voltage [ V]

680kQ

47uF
¥

W Triangle Waveform Swing Voltage vs. Oscillator Frequency

Triangle Waveform Swing Voltage [ V ]

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

0.1 1 10

Oscillator Frequency [ MHz ]

W Oscillator Frequency vs. Temperature

Oscillator Frequency [ MHz ]

1.20
1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80

-50 -25 0 25 50 75 100 125

Temperature [°C]
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B Duty Ratio vs. DTC Input Voltage 1 (fosc=0.5MHZz) B Duty Ratio vs. DTC Input Voltage 2 (fosc=0.5MHZz)

100 100
80 |
/ %0 |
— 70 | —
S 60| / R 85| /
o o
S 50 f = 80 |
o o
> 40 > 75 |
> 30 | >
e 2 / i
10 | 65 B
0 L L L L L 60
0506070809 1.0 1.1 1.2 1.3 1.4 110 115 1.20 125  1.30
DTC Input Voltage [ V] DTC Input Voltage [ V]
W Duty Ratio vs. DTC Input Voltage 3 (fosc=1MHZz) W Duty Ratio vs. DTC Input Voltage 4 (fosc=1MHZz)
100 100
9 | 95 |
80 |
70 / 90 |
—_ L —_
8 / S 85 ]
> 60 o
S /r S /
= 50 = 80
o [
> 40 / > 75 |
> >
[a) 30 ' [a]
70 |
20 | /
10 | 65 1
0 60 ‘ ‘
0506070809 1.0 1112 13 1.4 110 115 120 125  1.30
DTC Input Voltage [ V] DTC Input Voltage [ V]
W Duty Ratio vs. DTC Input Voltage 5 (fosc=2MHZz) W Duty Ratio vs. DTC Input Voltage 6 (fosc=2MHZz)
100 100
9 |
95 |
80 ~
i L 90 |
S 60 | < S 85| "
o o
S 50 f = 80 |
< 40 ; 75
T i
> 30 | >
[a)] / & 70 /
20
10 65 B
O L L L L L 60 L
0506070809 1.0 1.1 1.2 1.3 1.4 110 115 1.20 125  1.30

DTC Input Voltage [ V] DTC Input Voltage [ V]
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B Duty Ratio vs. Supply Voltage 1 (fosc=0.5MHz) B Duty Ratio vs. Temperature 1 (fosc=0.5MHz)
100 100
95 | 95 |
— | < 9 |
S %0 Vpre=1.30V = Vpre=1.30V
S g5 £ 85
& g
2 g | 2 g0 |
[a] Vpre=1.25V [a) Vpre=1.25V
75+ 75 |
Vprc=1.20V Vprc=1.20V
70 ‘ — 70
0 2 4 6 8 10 12 14 16 50 -25 0 25 50 75 100 125
Supply Voltage [ V] Temperature [°C]
W Duty Ratio vs. Supply Voltage 2 (fosc=1MHz) W Duty Ratio vs. Temperature 2 (fosc=1MHz)
100 100
95 | 95
S 90 T 90
= Vpre=1.30V E ~S———_ Vpre=1.30V
= 85 g 85 |
o e
5 80 | 5 80 |
e Vore=1.25V a] \ Vpre=1.25V
75 75
Vpre=1.20V Vpre=1.20V
70 L L L L L 70
0 2 4 6 8 10 12 14 16 50 25 0 25 50 75 100 125
Supply Voltage [ V] Temperature [°C]
W Duty Ratio vs. Supply Voltage 3 (fosc=2MHz) B Duty Ratio vs. Temperature 3 (fosc=2MHz)
100 100
95 | 95 |
S 90 | SR
S Vpre=1.30V ° \ Vpre=1.30V
5 85 | g 8 | ——
o o \
>
2 g | 3 80 | \\v_—_lzsv
o Vpre=1.25V e —
75 | 75
Vprc=1.20V Vprc=1.20V
70 L L L L L L 70
0 2 4 6 8 10 12 14 16 50 25 0 25 50 75 100 125
Supply Voltage [ V] Temperature [°C]

* Vprc=1.20V (Resistance between REF pin-DTC pin: 39k, Resistance between DTC pin-GND pin: 36kQ)
* Vprc=1.25V (Resistance between REF pin-DTC pin: 36k<2, Resistance between DTC pin-GND pin: 36kQ)
*Vp1c=1.30V (Resistance between REF pin-DTC pin: 36k<, Resistance between DTC pin-GND pin: 39kQ)
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B LED Over Current Threshold vs. Supply Voltage B FET Over Current Threshold vs. Supply Voltage
0.90 0.13
S —_
Z 0.85 > o |
S 080 | 2
(%} = -
8 o075 | § 0.11
= =
~ =
2 070 | = 010 |
g g
5 0.60 5
3 3 008 |
a 055 | et
L L
- 050 L 0.07
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Supply Voltage [ V] Supply Voltage [ V]
W OVP Sensor Threshold vs. Supply Voltage B PGOOD Voltage vs. Load Current
1.70 0.8
— 1.65 0.7
> —_
S 160 | > 06 |
2 155 | 2 05 /
4] S
F 150 S 04 | /
<] a)
g 145 | o 03
o] (@]
$ 140 | G 02 | /
o o
3 135 | o1 |
1.30 0.0
0 2 4 6 8 10 12 14 16 00 05 10 15 20 25 30
Supply Voltage [ V] Load Current [ mA ]
B Latch Time vs. Oscillator Frequency B Rise Time and Fall Time vs. Supply Voltage
1.6 70
1.4 | — 60
12 | g
- = 50 |
£ 10 E
< = 40
e 0.8 } (=\S tr
C o6 s 30T
= . - (]
g s £ 20 N —
- 0. \ 2 \ T —
f
0.0 L . 0 .
00 05 10 15 20 25 0 2 4 6 8 10 12 14 16
Oscillator Frequency [ MHz ] Supply Voltage [ V]

GC3-N008B Page 11



[<=s TOKO

TK61220AQ4

10. PIN DESCRIPTION

Pin Pin

No | Description Internal Equivalent Circuit

Description

1 PVIN 1 -

This pin is the power supply pin for the chl driver.
PVINL1 is not connected with PVIN2 and VDD inside the
IC.

PVIN1

| " 2 ‘Jﬁ

LTJ

This pin is the driver output pin for the chl external
MOSFET gate drive. Pull-down resistor (about 20kQ) is
built in.

3 IS1

0.1v

mm

%Eg

This pin is the chl resistor connection pin for over-current
detection.

VREF

e

4 OVP1

This pin is the chl resistor connection pin for over-
voltage detection.

VREF

T %H

5 FB1

This pin is the chl error amplifier inverting input pin.
This pin outputs the PWM control signal detecting the
output level of the DC-DC converter. The output of the
DIMMING CONTROL part is connected to the non-
inverting input. Because it connects the return resistance
and the capacitance to the EAOUT pin and the FB pin, it
can set the optional loop gain. Stable phase compensation
setting is possible.

VREF

6 EAOUT 1

This pin is the ch1 error amplifier output pin.

VREF

7 PGOOD 1

This pin is the chl protection state output pin.
This pin is an open drain and can sink 1mA. When the
timer latch functions, output of this pinisa "L" level.

GC3-N008B
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Pin
No

Pin
Description

Internal Equivalent Circuit

Description

DIM

VREF

This pin is the bias current dimming and PWM dimming
pin. Pull-down resistor (about 300kQ) is built in. The FB
pin voltage changes in a constant ratio when a voltage
between OV and 2V is applied to the DIM pin. The LED
current varies with the FB pin voltage. When the applied
voltages exceed 2.0V, the FB pin voltage becomes a fixed
0.5V. The FB voltage difference between FB1 and FB2 in
the fixed state is less than +2.5% (+12.5mV).

CT

This pin is the capacitor connection pin for triangle
oscillator frequency setting. One side of a capacitor
connects with GND. Please use capacitors greater than
15pF. When the pin voltage becomes less than 0.3V, the
driver output turns Off.

10

RT

VREF

3
e

This pin is the resistor connection pin for triangle
oscillator frequency setting. One side of a resistor
connects with GND. Please use resistors greater than
8.2kQ. Oscillator frequency is expressed in the following
equation by a combination of Ry and Ct. It must be
200kHz or more. fosc=1/((2x(Ct+4pF)xR1)+160ns)

11

REF

#

11

This pin is the reference voltage Vrer=2.5V output pin for
the outside supply.

12

DTC

VREF

This pin is the dead time control pin. The DTC pin
voltage is set by dividing the REF pin voltage by a
resistor.

13

PGOOD 2

VREF

13

This pin is the ch2 protection state output pin.

14

EAOUT 2

VREF

14

This pin is the ch2 error amplifier output pin.

GC3-N008B Page 13
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Pin Pin Internal Equivalent Circuit Description
No | Description a P
VREF
15 FB 2 ] 1 R This pin is the ch2 error amplifier inverting input pin.
I
1 il
VREF
16 OVP 2 % This pin is the ch2 resistor connection pin for over-
15v ?{ }H,WE 16 voltage detection.
VREF
17 IS 2 This pin is the ch2 resistor connection pin for over-current
o1V 17 | | detection.
PVIN2
This pin is the ch2 driver output pin for the external
18 SW 2 18 MOSFET gate drive. Pull-down resistor (about 20kQ) is
built in.
This pin is the power supply pin for the ch2 driver.
19 PVIN 2 - PVIN2 is not connected with PVIN1 and VDD inside the
IC.
VDD
This pin is the ch2 voltage control pin. Independent
20 EN 2 operation is possible with this pin. Pull-down resistor
20 (about IMQ) is built in. If either EN1, EN2 pin is "H", the
REF voltage turns On.
21 PGND i I_30\_Ner Ground. PGND is not connected with AGND
inside the IC.
22 AGND - Analog Ground
VDD
This pin is the chl voltage control pin. Independent
23 EN 1 operation is possible with this pin. Pull-down resistor
23 (about IMQ) is built in. If either EN1, EN2 pin is "H", the
REF voltage turns On.
24 VDD i Supply Voltage Input. VDD is not connected with PVIN1
and PVIN2 inside the IC.

GC3-N008B
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11. APPLICATIONS INFORMATION

11-1. Timer Latch

The output of the FET over-current protection and the
LED over-current protection and the over-voltage
protection are connected, count time is 1/foscx240. It can
be resumed by either turning EN pin voltage off and on or
by restoring supply voltage.

11-2. FET Overcurrent Protection

The TK61220AQ4 has built in FET over-current
protection and can set the maximum current of the
external FET by lswmax=0.1/R;s. When the IS pin voltage
exceeds 0.1V, the driver output turns Off, and the timer
latch starts counting. If it recovers while the timer is
counting, the driver output turns On again. If it doesn't
recover while the timer is counting, the timer latch
functions, and the driver output turns Off.

Even if the timer latch functions during a short between
Vout-GND, and the driver output turns Off, the over-
current flows to the coil and the Schottky diode. If this
state continues for a long time, it may damage the coil
and the Schottky diode. If this is a concern, add the
circuit shown in figure 1.

The PGOOD pin changes to an "L" level when the timer
latch turns off the IC. The Pch FET at the input turns Off.
The route of the coil and Schottky diode is cut. The over-
current at the short state between Vour-GND can be
limited.

Figure.1l: Additional protection circuitry example 1

D Vour
/T 13

"k Cour

HE

OVP AMP2

777777 1 out
TIMER
on/off LaTeH2 || THATEZ
o—
FET CURRENT

SENSE 2
EAOUT

ERROR AMP 2 Hi

.
o
el
@
[}
[}
I}
N
Qo
52
St
5
E
BRR R R Rk

Vref

11-2-1.The IS pin setting

Because the threshold voltage of FET over-current
protection is low (0.1V), the GND location of R;s should
be as close as possible to the IC GND. This will help
reduce possible noise generation. In addition, please use
wide traces because a considerable current flows in Rs.

When an inrush current is generated during the start up
and PWM dimming, there is a possibility of enabling the
FET over-current protection. Please adjust the

capacitance at the error amplifier to eliminate any inrush
current during start up time.

In addition, when gate capacitance of the FET is large,
the charge current of the gate flows to R;s for a short time,
and there is the possibility of the FET over-current
protection malfunctioning. In this case please add a RC
filter.

Figure.2: RC filter constitution example

PWM COMP 2 SW2

DRIVER2 |— 18 —|[:e_\

osc
DTC
EAOUT2

TR

G+l

OVP AMP2
ouT

DIM T-LATCH?2

T-LATCH 2

FET CURRENT
SENSE 2 I 100mv
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11-3. LED Overcurrent Protection

The TK61220AQ4 controls the LED current by
controlling a step-up DC-DC converter. V\n<Vour
consists as a relation between the supply voltage and the
output voltage. When Vy>Vour, the IC loses control, and
changes the over-current-state.

The TK61220AQ4 has built in LED over-voltage
protection. When the FB pin voltage exceeds 0.7V, a
timer latch starts counting. If it recovers while the timer is
counting, the count of a timer is reset. If it doesn't recover
while the timer is counting, the timer latch functions, and
the driver output turns Off.

Even if the timer latch functions during a short between
Vout-FB, and the driver output turns Off, the over-
current flows to the coil and the Schottky diode. Current
becomes V\n/Riep. It may exceed the allowable current
of the coil and the Schottky diode. It exceeds power
dissipation loss of R_gp and may damage the coil and the
Schottky diode. If this is a concern, add the circuit shown
in figure 3.

The PGOOD pin changes to an "L" level when the timer
latch turns off the IC. The Pch FET at the input turns Off.
The route of the coil and Schottky diode is cut. The over-
current at the short state between Vout-FB can be limited.

Figure 3: Additional protection circuitry example 2
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11-4. Overvoltage Protection

In an LED open-state, the control of the feedback loop is
cut. Therefore Even if the output voltage (Vour) rises, the
Veg does not rise, and the output voltage will continue to
rise. This condition could easily damage the external FET
and the Schottky diode by exceeding their dielectric
strength.

The TK61220AQ4 has built in over-voltage protection
and monitors the output voltage separately from an LED
control loop. When the output voltage is connected to the
OVP pin, it is possible to control that the OVP pin does
not exceed the voltage, which is set externally.

When the OVP pin voltage exceeds 1.5V, the IC limits
the output voltage, and the timer latch starts counting. If it
recovers in the count time, the count of a timer is reset. If

it doesn't recover in the count time, the timer latch
functions, and the driver output turns Off.

The OVP voltage can be set by two different methods.
The method used will depend on the application.

If a zener diode is used: Vz+1.5V
—There is no leak current when the IC is Off.

If resistor are used: (1+Rovp2/Rovp1)x1.5V
— It reduces of ambient temperature, low-cost.

Please set the dielectric strength value to each constant in
consideration of the output voltage when Vf of LED is
the maximum.

Figure 4: Additional protection circuitry example 3
VIN L D VOUT
O

[

T %

PWM COMP 2 SW2

osc
pre DRIVER 2
T-LATCH 2 q

OVP AMP2 I 15v
EAOUT

ERROR AMP 2 ; »

A V;0rRou

GC3-N008B

Page 16



[<=s TOKO

TK61220AQ4

11-5. Undervoltage Lockout (UVLO)

When the supply voltage is under 2.7V the IC turns off
the internal circuitry and prevent any malfunction.

11-6. Thermal Sensor

When the chip temperature exceeds about 150°C, the
driver output turns Off. Afterwards when the chip
temperature decreases, the driver output turns On again.

11-7. Parallel Synchronization Operation

It is possible to synchronize several TK61220AQ4 by
connecting them together using the CT pin. Set only one
IC as the master and set other ICs as slaves.

The master IC is configured the same as a single
application TK61220AQ4. Then connect the CT pin of
the master IC to the CT pin of the slave IC.

The RT pin of the slave IC is connected to the REF pin.
The oscillator frequency needs to be set with
consideration of the wiring capacitance of the CT line. It
is necessary to distribute the dimming and the EN signals
to the master IC and all the slave ICs.

Figure.5: Parallel synchronization operation example

Master Slave 1 Slave 2
REF REF REF
11 11 11
RT RT RT
Eﬂ? “] ﬂ
cT cT cT
44444444;§]41447 : {{g:]

11-8. Notes on use

This IC might become an unstable operation below the
lowest operation voltage.

Please use the relation among the supply voltage, the
oscillator frequency, and the load capacitance below the
solid line of Figure 6.

Figure.6: Oscillator Frequency vs. Supply Voltage
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11-9. TK61220AQ4 16 White-LEDs Drive

Input voltage :VIN=TV~16V
LED : 6~8 LEDs in series

LED current : 73.5mA(DIM pin 3.0V~14.5V condition) 100mA setting at the maximum is possible.
Inductor peak current : 1.5Amax
Oscillator frequency : 350kHz

11-9-1. Application Circuit

: - O
C
ICIR;E %'
DIMMINGO
v O
11-9-2. Value of component
Ris: 0.047Q R1: 1kQ L: 10uH
Riep: 6.8Q £1% R2: 470kQ (TOKO D63LCB Type, Part Number: A921CY-100M)
Rovp 82kQ2 R9: SHORT
Dovp: 2MQ R14: 100kQ Cin: 4.7uF/35V (KYOCERA CM316X5R475M35A)
Rt: 11kQ+1% Cop: 4.7uF/16V (KYOCERA CM21X5R475M16A)
Roter: 33kQ+1% D1: 100V, l0=3A Cr: 120pF/50V (KYOCERA CMO05CH121J50A)
RoTez: 33kQ +1% TR1: Nch-60V, 2A, 4V drive C1: 0.1uF/10V (KYOCERA CMO05X5R104K10A)
TR7: Nch-50V, 0.2A,2.5 drive Cout: 0.1puF/50V

GC3-N008B Page 18
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11-9-3. Characteristics

W Efficiency vs. Supply Current (I_gp=73.5mA) B LED Current vs. Supply Current (V gp=5.0V)
100 90
95 | g5 |
< 90 z
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g s
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65 D63LCB | 65 | liept, liep2
60 L L L ‘ L 60
7.0 85 100 11.5 13.0 145 16.0 70 85 10.0 115 13.0 145 16.0
Supply Voltage [ V] Supply Voltage [ V]

W LED Current vs. Duty Ratio(PWM Signal Frequency=200Hz)
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*Efficiency =

*Current loss of 1C oneself is not calculated in upper expression.

Vg 05V

*I ep = =73.5mA
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11-9-4. Operation Waveform

(Top) Output Voltage Waveform : 1V/Div(AC)
(Bottom) Inductor Current Waveform : 1A/Div

VIN=7V V|N=12V

NI

Chi 10.0mv  [GF] 1.00 V& M 1.000s Chi # 10.0mv Chi 10.0mv BB 1.00V~ M1.0004s Chi 7  9.8mV

V|N=16V

Chi T0.0mv BB T.00 V& W 1.000s Chi #0.8mv
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11-9-5. PWM Dimming Waveform

Input PWM signal into DIM pin. (V|y=12V, PWM Signal Frequency=200Hz)

(Top) DIM Pin Voltage Waveform (PWM Signal) : 2V/Div
(Bottom) LED Current Waveform (Ch1 Standard) : 50mA/Div

Duty Ratio=5% Duty Ratio=10%

EHH H H HHH - H

Chi T0.0mV WM2.00ms CR3 7 1.2V Chi To.omv M2 00ms Ch3 7 1.2V
2. :

Duty Ratio=50% Duty Ratio=80%

UL

¢hi fo.omv  M2.00ms Ch3 7 1.2V Chi fo.omv _ Mz2.00ms ch3F 1.2V
2. 2.
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12. PACKAGE OUTLINE
W 24-Lead Quad Flat Non-Leaded Package With Heat Sink: HQFN4040-24

0.50 0.30
TOKO Mark Lead Free Mark *H*
7 I
/ | Ll
S x o
1l S
O g
= =
q  En—  E—
g oW AR R nonong
1 Pin Mark 4.00+0.20 Lot No. 9631 L 2.55 >
Mark > 0.275
A Reference Mount Pad
o S
el i o 2 G
Lo =
([ 0.08] $ §
I e
0.50 1385
e R LEULY
© [1 1 &%
a[ UUUUU 1
o
73’ / C 2
B A=
= = |39
[To]
1= - N
_3_ _E_
D . I I ‘ J C @V
NENEANNEANH
. J 3
2.457810
Unit : mm
Package Structure and Others
Package Material . Epoxy Resin Mark Method . Laser
Terminal Material : Copper Alloy Country of Origin  : Malaysia
Terminal Finish . Lead Free Solder Plating (8~25um) Mass : 0.044g

Solder Composition : Sn100%
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13. NOTES

14. OFFICES

W Please be sure that you carefully discuss your planned
purchase with our office if you intend to use the products in
this application manual under conditions where particularly
extreme standards of reliability are required, or if you intend
to use products for applications other than those listed in this
application manual.
® Power drive products for automobile, ship or aircraft
transport systems; steering and navigation systems,
emergency signal communications systems, and any
system other than those mentioned above which include
electronic sensors, measuring, or display devices, and
which could cause major damage to life, limb or property
if misused or failure to function.
® Medical devices for measuring blood pressure, pulse,
etc., treatment units such as coronary pacemakers and heat
treatment units, and devices such as artificial organs and
artificial limb systems which augment physiological
functions.
® Electrical instruments, equipment or systems used in
disaster or crime prevention.

B Semiconductors, by nature, may fail or malfunction in
spite of our devotion to improve product quality and
reliability. We urge you to take every possible precaution
against physical injuries, fire or other damages which may
cause failure of our semiconductor products by taking
appropriate measures, including a reasonable safety margin,
malfunction preventive practices and fire-proofing when
designing your products.

B This application manual is effective from Feb 2008. Note
that the contents are subject to change or discontinuation
without notice. When placing orders, please confirm
specifications and delivery condition in writing.

B TOKO is not responsible for any problems nor for any
infringement of third party patents or any other intellectual
property rights that may arise from the use or method of use
of the products listed in this application manual. Moreover,
this application manual does not signify that TOKO agrees
implicitly or explicitly to license any patent rights or other
intellectual property rights which it holds.

B None of the ozone depleting substances(ODS) under the
Montreal Protocol are used in our manufacturing process.

If you need more information on this product and other
TOKO products, please contact us.

B TOKO Inc. Headquarters

1-17, Higashi-yukigaya 2-chome, Ohta-ku, Tokyo,
145-8585, Japan

TEL: +81.3.3727.1161

FAX: +81.3.3727.1176 or +81.3.3727.1169

Web site: http://www.toko.co.jp/

B TOKO America
Web site: http://www.toko.com/

B TOKO Europe
Web site: http://www.tokoeurope.com/

B TOKO Hong Kong
Web site: http://www.toko.com.hk/

B TOKO Taiwan
Web site: http://www.tokohc.com.tw/

B TOKO Singapore
Web site: http://www.toko.com.sg/

B TOKO Seoul
Web site: http://www.toko.co.kr/

B TOKO Manila
Web site: http://www.toko.com.ph/

[« TOKO

Semiconductor Division

" YOUR DISTRIBUTOR )
\ %
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