APPLICATION MANUAL
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White LED Driver Step-up DC-DC Converter IC

1. DESCRIPTION

The TK11859F is a step-up DC-DC converter designed for
white LED driver applications, using constant freguency
PWM architecture, with the following built in: a very high
current switching transistor (0.24A peak), a high speed
oscillator (1.2MHz), a switch over current detector, a low
voltage reference (Vgx=0.179V), an error amplifier, a PWM
comparator, a zener diode for open-circuit protection and
ON/OFF control.

TK11859F can drive two, three or four LEDs in series. This
IC works with a very wide operation supply range
(2.3V~16V) and the adjustable output voltage can be set as
high as 20V. The white LEDs are connected in series and
driven at a constant current, resulting in uniform brightness
and high efficiency. The reference voltage is a very low
0.179V, achieving high efficiency operation with the
congtant current output. The ON/OFF control is built-in and
the circuit current can be decreased when the EN pin is low
(shutdown mode). The white LEDs can be dimmed by
applying a PWM signal to the EN (ON/OFF control) pin.
With this method, the white LED brightness is still
controlled by constant current, resulting in constant
chromaticity.

TK11859F

The built-in zener diode can be used for open-circuit
protection in case the output load is disconnected, such as
the string of LEDs opened. The internal zener diode reduces
the external component count.

The TK11859F can also be used in other applications as a
step-up DC-DC converter.

The TK11859F is available in the SON3024-8 surface
mount package.

2. FEATURES

W High Efficiency

B Very Wide Operating Voltage Range (2.3V to 16V)
W 1.2MHz Operation

W [nternal Switching Transistor

B Maximum Duty Cycle 90%

W Very Small Inductor Available

W Very Small Package SON3024-8

3. APPLICATIONS

B | ED Backlighting and Frontlighting
W Step-up DC-DC Converters

4. TYPICAL APPLICATION

APPLICATION CIRCUIT (4LEDs in Series)

L
KW Efficiency vs. V|n
100 (4LEDs, LED Current 20mA )
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5. PIN CONFIGURATION

Pin No. Symbol Function
EN Bl] HS] PGND 1 Enable (ON/OFF) Input
2 Power Supply V oltage Input
vV [2] [7] sw 3 GND | Ground
4 Feedback Voltage
GND [3] [6] ovP 5 EAoyr | Error Amplifier Output
6 OVvP Open-Circuit Protection
Vs I:AFI [T] EA T 7 Switch (Connect inductor and diode here)
8 PGND Power Ground
‘ 6. BLOCK DIAGRAM
EN |1 — Oscillator 8 | PGND
Reference
Voltage J_,
J_, PWM Comp 7| sw
Vi | 2 : Output
. Drive
+ Control
O.G\L_ Over
- Current
GND 3 Detector
6| OVP
TIT
I N~
Vv 4 l LT
B AN ¢ >
N My 5 | EAour
[ >~ Error Amp
;; 0.179Vv
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7. ABSOLUTE MAXIMUM RATINGS
T,=25°C
Parameter | Symbol Rating Units | Conditions
Absolute Maximum Ratings
Supply Voltage Vin -0.3~20 V
Maximum Switch Voltage V sw max 22.5 V
EN Pin Voltage Ve -0.3~20 \%
V5 Pin Voltage Vg -0.3~14 V
EAqur Pin Voltage Veaout -0.3~1.2 V
OVP Pin Voltage Vovp -0.3~Voye \%
Maximum Switch Peak Current | sw PEAK MAX 12 A
Power Dissipation Py 600 mw *
Storage Temperature Range Tsre -55 ~+150 °C
Operating Conditions
Operating Temperature Range Top -30~85 °C
Operating V oltage Range Vop 2.3~16.0 V

* P, must be decreased at the rate of 4.8mW/°C for operation above 25°C on TK 11859’ s evaluation board.

8. ELECTRICAL CHARACTERISTICS

V|N=V EN=3V1 TA=25°C

Parameter Symbol MIN | \_/r?(u;,e T MAX Units Conditions

Oscillator Section

Frequency \ f | 084 | 12 | 156 | MHz |
Error Amplifier Section (Vg Pin, EAgyr Pin)

Threshold Voltage Vea 167 179 191 mv

Input Bias Current leain -1.0 -0.2 1.0 MA Vg=0V

Voltage Gain Ay - 39 - dB

Gain Band Width GBW - 2 - MHz | A,=0dB

Output High Voltage V eAoUT HIGH 0.76 0.85 - \% V=0V

Output Low Voltage V eaouT Low - 0.05 0.2 \Y% V=10V

Output Source Current | enouT SOURCE - -36 -21 A Veaour=0.45V

Output Sink Current lEacuT SINK 21 36 - MA Veaour=0.45V
Dead Time Control Section

Maximum Duty Cycle | Dwax | 8 | 90 | - | % |[Vg0v
Shutdown Section (EN Pin)

EN Input Voltage + Ve HigH 12 - 20 \% On mode

EN Input Voltage - Ventow 0 - 0.3 \Y% Shutdown mode

EN Pin Input Bias Current lenin 25 40 A V=3V
Output Switch Section (SW Pin)

Switch Current Limit lowimiT 0.24 0.36 0.48 A

Switch Saturation Voltage Vaw sat - 0.12 0.40 \% | 5w=200mA

Switch Leakage Current | sw.orr - 0.01 2.0 PA V=1V, V=22V
Open-Circuit Protection Section (OVP Pin)

Open-Circuit Voltage Vop | 180 | 200 | 220 | V [1,=0.18mA
V y Section (Vy Pin)

Low Voltage Stop VN Low 17 2.0 2.3 \%

Quiescent Supply Current I'non 17 2.8 3.9 mA V=1V

Shutdown Supply Current lin.oFF - 0.01 10 HA Ve =0V
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9. TEST CIRCUIT

IEN
N
&) !
Ven |
=
%‘ &) T 12
VIN I
‘7— 3
IFB
-—
O
Veo , ‘ ~So—| 2
A7

EN

GND

FB

PGND

OVP

EAOUT

Ta

.

7
¢~

@@

§¢.

¢®T

2 EAOUT

GC3-L024

Page 5



[Xa TOKO

TK11859F

10. TYPICAL CHARACTERISTICS

B Quiescent Supply Current vs. Supply Voltage
Vin=Ven, Ves=1V
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B Maximum Duty vs. Temperature m Switch Current vs. Switch Saturation Voltage
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B Zener Diode Current vs. Open-Circuit Voltage ® Open-Circuit Voltage vs. Temperature

V=3V, Vi=0.3V, V=0V, T,=25°C V=3V, Vg=0.3V, V=0V, 1,=0.18mA
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11. PIN DESCRIPTION

No. Symbol Internal Equivalent Circuit Description

1 EN This is the chip-enable input with a built-in 200kQ
pull-down resistor. Set the EN-pin higher than 1.2V to
enable the device. Set the EN-pin below 0.3V to
disable the device. The EN pin can be pulled up to

200kQ 20V, regardless of the supply voltage and output
voltage.
2 Vin Power supply voltage input.

200kQ When the supply voltage falls below 2.0V (VyLow)s
the TK11859F stops switching operation to avoid
malfunction.

3 GND Ground.

4 Vg Vi Error amplifier inverting input.

'[ | Feed back input. The error amplifier detects the output
é == é voltage of the DC-DC converter and outputs the PWM
control signal. Threshold voltageis 0.179V

6 OVvP

This pin will work as open-circuit protection. Connect

= T Ovp to Output (Vyr) to avoid generating high voltage
51~ at the switch pin during open-circuit conditions. The

Open-Circuit Voltage is approximately 20.0V.

-

500Q 500Q
W

5 EAouT Vin Error amplifier output.
Compensation pin. A capacitor combination connected

to this pin provides compensation for the control loop.
®
K 4 S
= = =
500Q :
@7%"
= 8 8
7 SW Vin This pin is the collector of the internal 20V NPN power
R switch. The switch transistor has a maximum 0.24A
8 8 peak current capability.
O 1
8 PGND - Power Ground.
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12. CIRCUIT DESCRIPTION

12.1 PWM Comparator

The voltage comparator has one inverting and three non-
inverting inputs. The comparator is a voltage-pulse width

converter that controls the ON time of the output pulse
depending on the input voltage. The output level is high
when the sawtooth wave is lower than the error amplifier
output voltage, current sense comparator output voltage,
and idle period setting voltage.

Maximum duty cycle, which is a maximum ON time of
output pulse, is decided by a idle period setting voltage.
The maximum duty cycle is set to 90% including circuit
delay and Turn-off delay of Switching Transistor.

Error .
. Oscillator
Amplifer
oO———-- PWM
+ Comparator
Pin4 (FB) |_ +
Vin +
I +
Current Sensd
Comp. Out
Idle Period

Setting Voltage

Fig.1: Internal equivalent circuit of PWM Comparator

Fig.2: Timing Diagram of PWM Comparator

Idle Period Setting Voltage —»

Error Amp. Out (5Pin) —* / M

osC ———»

/
wemon — | L UL LU L
SW.Tr Collector —» II

SI==s

SW. Tr Collector Current —»

Inductor Current —»

OmA
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12.2 Error Amplifier

The error amplifier detects the output voltage of the DC- EL R2

DC converter and outputs the PWM control signal. The Vou = Vea - +ED ©)

voltage gain is fixed, and connecting a phase
compensation capacitor to the EAyr pin (pin 5) provides
stable phase compensation for the system. Reference
voltage (Vg,=0.179V) divided from the Band gap voltage
is supplied to the inverting input of the error amplifier.

This architecture alows the series-connected white LEDs
to be driven with a constant current. The LED current
(I.ep) is set by an externa resistor (R gp) connected
between the FB pin and GND (see Fig.3).

The current of each LED is

Vea

D

| =
LED R
LED

Where Vg, : Error amplifier threshold voltage 0.179V
Output voltage V o7 iS given by
Vou =NVe + Vg, @

Where V. :LED forward voltage drop
n : Number of LEDs connected in series

RLED l
ILED

Fig3: Setting constant current through LED

I Voy=0.179V

To obtain a regulated output voltage for most common
step-up regulator applications, connect a voltage divider
from the output (Voyr) to FB (see Fig.4). The regulated
output voltage is determined by

Vour Can be set from V, to 17.5V, (Note that maximum
Vour is limited to an internal open-circuit protection
voltage 18.0V.)

_hf‘ . ouT O
l OovP

Cour l 6
R2Z
v ) Vv =19.8V

I Vy=0.179V

Fig.4: Setting Output voltage

12.3 Operating supply voltage range

When the supply voltage falls below 2.0V (Vy ow), the
TK11859F stops switching operation to avoid
malfunction.

The recommended operating voltage range of this IC is
2.30V~16V. However, the maximum rating for the
supply voltageis as high as 20V.

GC3-L024
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12.4. EN(ON/OFF)

Set the EN pin higher than 1.2V to enable the device. Set
it below 0.3V to disable the device; that is, shutdown
mode. During shutdown, the supply current drops to 1pA
or less. Theinternal 200kQ pull-down resistor ensures the
shutdown mode when the EN pin remains open. The EN
pin can be pulled up to 20V, regardliess of the supply
voltage and output voltage.

The relationship between control current (Iz) and EN pin
voltage (Vgy) IS
[ = Ven + Ven ~ Ve
EN
RDOWN REN

(4)

Where RDOWNzREN=200kQI RENOUT=OQ
Vin
] )
=
len EN
------ > 200kQ
o—1
Ven I Toom

Fig.5: Internal equivalent circuit of EN Pin

If the voltage applied to the EN pin is too high, put
Renout iN series with the EN pin to reduce its bias current.

VIN

EN
W 1

200k

ENOUT

O
R
Ven I TZWKQ =

Fig.6: Renout With the EN pin

The EN pin is also used to provide LED-dimming.

12.5 Open-Circuit Protection

The TK11859F has internal open-circuit protection.
When the main feedback loop is opened, the internal
zener diode will work as another path of the feedback
loop. This prevents the switch node from generating high
voltage. The voltage level at Vo is clamped at

Vour =Vove=V z+Vge=20.0V

Where V,=19.8V  zener voltage

Ve,=0.179V  Error amplifier threshold voltage.

During open-circuit, the current, I, of the zener diodeis

_ VEa _ Ve
2[Royp *Rigp  2[Ropp

I, <0179mA  (5)

The clamped level of Vo, is enough to drive 4 white
LEDs connected in series.

GC3-L024
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13. APPLICATIONS INFORMATION

13-1 APPLICATION CIRCUIT (3LEDs in Series)

L: Type DB3018C  TOKO Part Number: 1069BS-220M
Type D310C TOKO Part Number: 1092BS-220M
Type D3313FB  TOKO Part Number: 1036FB-150M

L
AR
ONJ/OFF :\‘H_‘ PGND
O :IJ Oscillator 8

Reference

5

Vi PWM Comp 7]77
4[2] —: Output Drive
v Cn = —: Control SBD
T aTpF RB551V-30
GND (ROHM)

C

1
IZ.ZuF
i |

FB
41 | S
- -1
= r‘/ L5]
Error Amp

L
T, 0.079v E
CEA

LED

R

I T %
:
”

Fig.7:Typical 3 LEDs Application

V,=3.0V V,—=4.2V
Efficiency Curve Efficiency Curve
( BLEDs, Input Voltage 3.0V) (3LEDSs, Input Voltage 4.2V)
90 0
80 80
g | g
g 0 g 70
S i)
T SR 4 A = :DB3018C_22uH 5 — :DB3018C_22uH
60 : D310C_22uH H 60 : D310C_22uH -
ST : D3313FB_15UH o — : D3313FB_15uH
50 1 50
0 5 10 15 20 0 5 10 15 20
LED Current (mA) LED Current (mA)
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13-2 APPLICATION CIRCUIT (4LEDs in Series)

L: Type DB3018C  TOKO Part Number: 1069BS-220M
Type D310C TOKO Part Number: 1092BS-220M
Type D3313FB  TOKO Part Number: 1036FB-150M

ON/OFF
O

L
A0
EN PGND
1J Oscillator 8
Voltage sw
Vi PWM Comp 7]77
4[2] . Qutput Drive
£ M Control SBD
RB551V-30
ND (ROHM)

VFIB“| |
4 = EAour
T f‘> (5] 1
Error Amp
T, 0.267v E
CEA
0.1pF

L,
IZ.ZuF
i |

LED

Fig.8:Typical 4 LEDs Application

R

LED

%
£
i

V =3.0V V,y=4.2V
Efficiency Curve Efficiency Curve
(4LEDs, Input Voltage 3.0V) (4LEDs, Input Voltage 4.2V)
2 90
|
=
80 80 P
g S . D
kel ©
= — :DB3018C_22uH |. = — :DB3018C_22uH
60 :p3wc_ 22 H 60 :p310C_20H
"""" = = = :D3313FB_15uH o = = = :D3313FB_15uH
I —— T 50 - I
0 5 10 15 20 5 10 15 20

LED Current (mA)

LED Current (mA)
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14. PACKAGE DESCRIPTION

Package : SON3024-8

0.30-0.05 [AN]
0.65 . Dt 010 (W
3082
| g
T Sk
| +
| 12
| L | S
[ 11 [ 11 i [ 11 11 A4

#1

2.8%02 R
(02) ()

<3 | )
¢7 |

Lo

N I

iy

o] LTJ

#1 : Exposed metal tabs

Unit : mm
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15. NOTES

16. OFFICES

B Please be sure that you carefully discuss your planned
purchase with our office if you intend to use the productsin
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 Oct. 2005. 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 TOK O Seoul
Web site; http://www.toko.co.kr/

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

B TOKO Brazil
Web site: http://www.toko.com.br/

[« TOKO

Semiconductor Division
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