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TK11860B

WHITE LED DRIVER Step-up DC-DC Converter IC

1. DESCRIPTION

The TK11860B is a pulse skipping step-up DC-DC
converter 1C designed for White LED driver applications
with the following built in: a very high current switching
transistor (400 mA peak), a schottky diode (300 mA peak)
as a rectifier, an inductor current limit detector, a low
voltage reference (V,4 = 0.515 V), a high speed oscillator, an
error comparator, a zener diode for open-circuit protection
and an ON/OFF control. The IC works with a very wide
operating supply range (2.3 V to 10 V) and the adjustable
output voltage can be set as high as 20 V. The device is in
the ON state when the En pin is pulled to a high level. Using
the very small TK11860B and a few external components,
battery powered systems with LCD displays, such as digital
cameras and cellular phones, can be effectively backlit with
white LEDs. The white LEDs are connected in series and
driven at a constant current, resulting in uniform brightness
and high efficiency. This IC has an adjustable oscillator,
which allows the designer to set the operating frequency by
an external capacitor with the output controlled by pulse
skipping. The reference voltage is a very low 0.515 V,
achieving high efficiency operation with the constant current
output. A small coil can be used because the inductor current
limit detector circuit limits the peak current (caused by an
input voltage increase or the inrush current at start-up) that
flows through the coil. 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.

TK11860B

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 TK11860B can also be used in other applications as a
step-up DC-DC converter.

The TK11860B is available in the 8 bumps flip chip package
(FC-8).

2. FEATURES

W Very High Speed Adjustable OSC (800KHz Max)

W Very Wide Operating Voltage Range (2.3 V to 10 V)

W Low Loss Detector (Low Reference Voltage:
V.4 =0.515V)

B Operates with Toko D31FU, D31FB Miniature Cail
(Current Limited by Inductor Current Sensor)

B |nternal Switching Transistor

B [nternal schottky diode

W Open-Circuit Protection (OVP)

W Active High ON / OFF Control

B Available Intensity Control Using EN Pin with
PWM Signal

W Low component Count

B Very Small 8 bumpsflip chip Package (FC-8)

3. APPLICATIONS

W LED Backlighting and Frontlighting
B LED Flashlights
W Step-up DC-DC Converters

4. TYPICAL APPLICATION

APPLICATION CIRCUIT (3 LEDs in Series)

L: TOKO Part Number D31FB: 984FB-220M
D52LC: A914BYW-220M
ON/OFF
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[= TOKO TK11860B

5. PIN CONFIGURATION

Al Pin Mark
/ PinNo. | SYMBOL Function
- > 1(A1) Vin Power Supply Voltage Input.
LiVinj (ENG (G )7 2(B1) ls Inductor current limit.
3(C1) Vove | Open-Circuit Protection
g AT 4 (C2) EXT External Inductor.
'S L fb
) 5(C3) GND Ground.
6 (B3) Vi Feedback Voltage.
$Vovp (EXT) (GNDyS 7 (A3) Cy Timing Capacitor.
4 8 (A2) EN Enable (ON/OFF) Input.
Top View

6. BLOCK DIAGRAM

vref
Error 0515V
Comp

18v 1kQ

©)

GND
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7. STANDARD APPLICATION CIRCUIT

Standard Application circuit for white LED

——— ON/OFF
EN. C.
(3«
Vip_
;
Mo = Cy
3 EXT_ GND
(i
—] 7

Standard application circuit for LCD Bias

Cin: Input Capacitor

Cout: Output Capacitor

L: Inductor

R, ep: LED Current Setting Resistor
Cy: OSC Frequency Setting Capacitor

Cin: Input Capacitor

l—o ON/OFF ]

y | ' Cout: Output Capacitor

o YO L: Inductor

R1, R2: Output Voltage Setting Resistor
i Cs,: Compensation Capacitor
o & Cy: OSC Frequency Setting Capacitor
TT
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[f= TOKO TK11860B
8. ABSOLUTE MAXIMUM RATINGS
T,=25°C
PARAMETER SYMBOL RATINGS UNITS | TEST CONDITIONS
Supply Voltage Vin 20 V
Operating V oltage Range A 23 ~ \%
Switch Voltage A 20 \Y%
Vovp Pin Voltage \ -0.3 Vovp \%
Vb Pin Voltage Vi -0.3 V
En Pin Voltage Ven -0.3 ~ V
Switch Peak Current g, pesic 400 mA
Schottky Diode
Forwa?/d Peak Current o, pesk 300 mA
Power Dissipation Py 660 mw *
Storage Temperature Range Tyo -55 ~ +150 °C
Operating Temperature Range Top -30 ~ °C
Maximum Freguency frax ~800 kHz

Pp must be decreased at the rate of 5.28mW/°C for operation over 25°C on TK11860B’ s evaluation board.

GC3-J009
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9. ELECTRICAL CHARACTERISTICS
V=3V, 1=0Open, EXT=0pen, V,,=0pen, V=GND, C,=300pF, V=V, Tx=25°C unless otherwise specified

Parameter Symbol MIN | \'/I'?(IL;’e [ MAX Units Conditions
Oscillator Section (C, Pin)
C, Charging Current |y 16 22 30 PA Ve =0.1V, V=1V
C, Discharging Current | gis 35 49 65 PA Ve, =1.0V, V=1V
Cha}rge and Discharge Current W 29
Ratio dis”chg
Cx Threshold Voltage + Voxhion | 810 860 910 mV | Vgl =0uA, V, =1V
Cx Threshold Voltage - Vexiow | 260 300 340 mV | Vatl,=0pA, V, =1V
C, Oscillation Voltage Vose 520 560 600 mvV (Vo nign )" Ve 1ow)
Current Limiting Comparator Section (I Pin)
Inductor Current Limit it 220 260 300 mA Note 1
Pin 1-2 total Resistance Roo 300 360 460 mQ g’i'r?"";”red Between pin 1 and
dctor Crres Limit Serse | R 0 m2 | Note2 Note?3
Output Switch Section (EXT Pin)
\C/’gffa‘ge“a”s‘ stor Seturation Van s 0.1 0.4 V| V=0V, I, =200mA
83:2:::@35” Off Leak low, e 0.01 2 BA | V=20V, V=V, =7V
Feedback Comparator Section (V,, Pin)
Reference Voltage V o 0.495 0.515 0.535 \
Vfb Pin Output Current Lo N -2 -0.3 HA V,=0.4V
Shutdown Section (En Pin)
En Input Voltage + Ven. Hian 1.2 20 \Y On mode
En Input Voltage - Ve Low 0.3 \ Shutdown mode
En Pin Input Bias Current len i 25 40 HA Ven=3V
Open-Circuit Protection Section (V qyp Pin)
Open-Circuiit Voltage Voo | 17 185 20 |V |1,=05mA
Vin Section (Vin Pin)
Low Voltage Stop Vix Low 1.7 2.0 2.3 V
High Voltage Output Stop V \\ Hidh 115 135 145 \
Shutdown Supply Current I oft 0.01 1 HA V,=0.3V
Quiescent Supply Current Iy on 1 15 2 mA V=1V
Schottky Diode Section
Forward Voltage ‘ Ve ‘ 0.5 ‘ 0.7 ‘ 0.9 ‘ \ I, 200mA
Notel I, Thevalue of current source I, (DC measurement) when the switching operation is stopped by the Is comparator.
, _ 0.1v —évIN
Note 2 Rg.: Guaranteed by the design equation: L = Rzcoo

Note 3 Do not connect the output circuit to ground directly, the Ry and Schottky diode might be damaged.
(Excessive current passes through R, Schottky Diode and Cail)
Note4 When the flip chip device will be exposed to direct sunlight , off mode current (Shutdown Supply Current I,y o) Will
be increased . To avoid misoperations, be careful when the TK11860B is exposed to light sources.
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10. TEST CIRCUIT
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11. TYPICAL CHARACTERISTICS
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[= TOKO TK11860B

Reference Voltage vs. Supply Voltage Reference Voltage vs. Temperature
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Open-Circuit Voltage vs. Temperature Shutdown Supply Current vs. Supply Voltage
V=3V, V=0.3V, | ,=500pA Vin=Ven, Ven=0.3V
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12. PIN DESCRIPTION

PIN
No.

SYMBOL

INTERNAL EQUIVALENT

CIRCUIT

DESCRIPTION

1

2

BumpR

Power supply voltage inpuit.

BumpR
30mQ

l().lv
]

The function of this pin is to limit the inductor
current associated with the Is comparator. The
device contains a sensing resistor referenced as
"Rg". The value of Ry is 0.3Q (typ). Because
there is aso bump resistance, it will be
approximately 0.36Q when measured between
pinland pin 2.

EXT

VOVP

This pin is the collector of the internal 20V NPN
power switch. The switch transistor has a
maximum peak current capability of 400mA and
aturn-off delay of 0.2uSec.

The internal schottky diode between pin3 and
pind has a maximum peak current capability of
300mA.

<

18v

1kQ j

This pin will work as open-circuit protection.
Connect Vovp to Output (Vout) to avoid
generating high voltage at the switch pin during
open-circuit conditions. The zener voltage is
approximately 18V.

Feedback input pin

This pin is the non-inverting input of the error
comparator with the inverting input biased with
the interna temperature-compensated 0.515V
reference. The input bias current of Fb has a
typical value of -0.3pA.

GND

Ground.

The oscillator frequency is determined by the
external timing capacitor C, and can be set up to
800kHz maximum. The timing capacitor is the
only component allowed to be connected to this

pin.

EN
(ON/Off)

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.

GC3-J009
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TK11860B

13. CIRCUIT DESCRIPTION

—O ON/OFF

\V4
Y

LED

TK11860B Block Diagram

13-1. Constant-Current
(Charge and discharge type) Oscillator.

The oscillator operates by charging and discharging the
timing capacitor C.. This generates the linear ramp
waveform across Cy and the internal squarewave signal
of the IC. The period time T of the oscillator is
determined by the choice of the timing capacitor Cy and
is set according to the following equation.

Tey =0.038(Cy +195) 1)

The oscillator output signal "CLK" is a fixed-duty-cycle
pulse train, whose on-off time is fixed internally at aratio
of 2.2:1

t
%9 =22 2)

tdist:hg
The period time of the oscillator is the period of one full
cycle of operation.

T = t(:hg + tdist:hg (3)

fou = 4)

osc

=+

The oscillator frequency can be set up to 800kHz.

The internal squarewave (CLK) islogical high during the
taisng Of ramping down and is low during the t, of
ramping up. When CLK goes high and the AND gate
output is low, the switch transistor will be forced off. At
the same time, the R-S flip-flop is set to prepare for the
next on cycle. When CLK goes low, the inverting signal

(CLK) and the output Q of the flip-flop enters the AND
gate; then the AND gate output is high and the switch
transistor will be on.

CX
waveform

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
k
|
|
|
€
|
|
|
|

Internal T
waveform
CLK
Switch Tr Switch Tr
is possible to turn ON. is forced OFF

Figure 1. OSC Waveforms
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13-2. Inductor Current Limit

The Inductor current-limit function associated with the Is
comparator is accomplished by sensing the inductor
current by means of the voltage drop across the interna
resistor Rg..

The voltage drop across Ry, is compared with the
equivalent reference voltage of the Is comparator (V| jyi1)-
If the inductor peak current exceeds the limit, the Is
comparator output resets the flip-flop and the switch
transistor will be forced off.

The limited value of the inductor peak current can be
expressed as

| — VLIMIT

Vin ~Var
Lk LIMIT =~ + ty

L

SC
Q)

Where

Vi wir - Equivalent reference voltage of |s comparator.

R« : Effective current-sense resistor, which is set to 0.3Q.
V n : Supply input voltage.

Vet Switch transistor saturation voltage.

L : Inductor value.

ty : Turn-off delay of switch transistor, which is 0.2jsec.

1 Com)
V:i” Vi”[ Rowm 91V ° P
1
= Rsc
J03Q

Is
2} h—
RBUMPZ
y3SL
IL

Figure 2: Schematic of the Inductor Current Limit

In the right side of the equation, the 1st term expresses
the limitation by the Is comparator and the 2nd term is an
additional inductor current caused by the turn-off delay of
the switch transistor. The internal equivalent reference
voltage of the Is comparator V| r depends on the supply
voltage Vin with resistors Rg; and R, and can be written
as
2.3

VLIMIT 0.1v 300 Vln (6)
Therefore, the inductor current limitation 1,,,,,+ from the
1st term can be given as

Vv .
|y =it 1 Fhgy 23y,
Ree Ree O 300 O

(")

(Asan example, ||, 1=257mA at V,y=3V)

When the voltage drop across Ry reaches the V1, the
switch transistor will be forced off, but there is turn-off
delay of the switch transistor (t,=0.2uSec); the additional
inductor peak current is expressed as the 2nd term of
equation (5).

Asan example
t=0.2uSec, V=3V, L=22uH, V 5,+=0.3V

Vi -V
Al =—N ST - AT t, =24mA

As a result, the total amount of inductor peak current is
limited by equation (5).

For Example
t;=0.2uSec, V,=3.0V, L=22uH, V5 =0.3V
I pLimir=257mMA (1st term)+24mA (2nd term)=281mA

The equations (5), (6) and (7) shows that a higher supply
voltage Vin will reduce the peak inductor current. This
function will alow the use of an inductor with a
physically smaller inductor core under a wide operating
voltage range. When the supply voltage is higher than
13.5V, the Is comparator output keeps the flip-flop reset
(through the OR gate) and the switch transistor will turn-
off constantly.

0.5

~
< o4
5
P
S 03 e
o \\\ IL
@ ~~| 'tekLipiT
8 02 ~ s
& L T
a2 o1 1
£ H
)
0 NS
0 3 6 9

lZf 15

Supply Voltge V (V)
opmax =V N picH

Figure 3: Inductor current limit
As afunction of Supply input voltage
(Rec=0.3Q, L=22H, V4,1=0.3V)
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To increase the inductor peak current

If it is necessary to get more output power, add the
external resistor R, between pin 1 and pin 2 in paralléel
with the internal resistor R to increase the inductor peak
current. Then, the inductor current limit can be expressed

as
| A+ RSCEXT I + VIN _VSAT t
Lpk,LIMIT — R LIMIT —L d
SCouT

(8)

Where

Rscexr: Internal resistor measured pin 1-pin 2.
(Rscext=ReumpitReumpt R =0.36Q)

Rscout : External resistor.

It - defined in equation (7).

Viy -V . . .
%Dd : Defined as the 2nd term in equation (5).

Asan example
Recour=2.2Q, V ,=3.0V, L=22uH
Ve 1=0.3V, t;=0.2uSec
[ LimiT=323MA

0.1V IgCOMP

Figure 4: Increased inductor current limit with R,

An external schottky diode must be put between pin3
and pind in parallel with the internal schottky diode when
Rscout is added in order to increase the current limit as
above mentioned.

That is why the peak current capability of the interna
schottky diode is 300mA maximam.

13-3. 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

V Veny —V
|EN:R EN _, VEN ~ VBE (9)

DOWN R EN

If the voltage applied to the En pin istoo high, put Rg,out
in series with the En pin to reduce its bias current.

EN
a 200kQ
R ENOUT
v
= RDOW N
200kQ
‘/ 7 7T

Figure 5: Internal equivalent circuit of EN pin

The EN pin is aso used to provide LED-dimming (see
DIMMING).

13-4. Operating supply voltage range

When the supply voltage falls below 2.0V (Vy ow), the
TK11860B stops switching operation to avoid
malfunction. The level of V ow IS determined by the
internal circuit. When the supply voltage is above 13.5V
(Vinnicn), the TK11860B also stops switching operation
because of the limitation from equation (7).

However, the maximum rating for the supply voltageis as
high as 20V.

=
o

IN,HIGH

VIN,LOW /

v

0 2 4 6 8 10 12 14 16 18 20
Sipply Voltage (V)

Supply Current (mA)
O P N W O ON 0O ©
<

Figure 6: Operating supply voltage range
(Ven=Vn, V=0V, C,=100pF)

GC3-J009
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13-5. Error comparator, Vfb

The error comparator section of the circuit compares the
output feedback voltage Vfb with the 0.515V internd
reference and generates a reset signal which inhibits the
oscillator output from turning the switch transistor on
whenever the output voltage is too high (see block
diagram). In this manner, the drive to the switch transistor
is essentialy an intermittent pulse train, as a result of the
pulse skipping operation.

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 feedback pin and GND (see Figure 7).

The current of each LED is

I — Vref
LED —
RLED

Where V.4 : the feedback reference voltage 0.515V

(10)

Output voltage Vout is given by
Vour =nl; +V g (11)
Where V;:LED forward voltage drop
n : Number of LEDs connected in series

The maximum number of LEDs connected in series (n) is
four.

VOUT

O

C

ouT J: LED

L
LED =

Figure 7: Setting constant current through LED

To obtain a regulated output voltage for most common
step-up regulator applications, connect a voltage divider
from the output (Vout) to Vfb (see Figure 8). The
regulated output voltage is determined by

R2
Vour = Vi Q-"‘ RLO (12)
Vout can be set from Vin to 16.5V, (Note that maximum
Vout is limited to an interna open-circuit protection
voltage 16.5V.)

Figure 8: Setting output voltage

13-6. Open-Circuit Protection

The TK11860B has open-circuit protection internally.
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 Vout is clamped at

Vour SVoup=V+V,=18.5V
Where V,=18V zener voltage
V=05V error comparator reference voltage.
During open-circuit, the current of zener diodelzis

= V- Vi g5ma (13)

Rove t Riep ovp
Whae Rovpzley ROVP>>RLED

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

GC3-J009

Page 15



[Xa TOKO

TK11860B

13-7. Relationship between Supply input
voltage and Inductor peak current

The TK11860B is a pulse skipping step-up DC-DC
converter where the inductor peak current is limited by
the period time of the oscillator and the inductor current
limit circuit. From the equation (1), the period time (T) of
the oscillator is

T sy = 0.038(Cy +15) (1)

Also, the switch on time derived from oscillator equation
(2) through equation (3) is

ton = tag g =%T+td (14)
Then, the inductor peak current from the oscillator circuit
iswritten as

Vy —V 2.2

| Lo :%(ﬁTﬂd) (15)
This equation (15) shows that when Vin increases, |
will increase linearly. If 1, (given by equation (15))
reaches the value of the inductor current limit, the
inductor peak current limited by the inductor current limit
circuit is expressed as equation (5).

VLIMIT + VIN _VSAT t

I pumiT =

Ry L
. Vi -V
=L Rhav-23y H Y Ver
R O 300 0 L

(%)

Equation (5) shows that when Vin increases, | g, Wwill
decrease linearly.

As a result, the inductor peak current can be plotted in
Fig(10) over awide range of supply voltage input.

Inductor current
waveform which

isbelow I\t

Inductor current
waveform which
reached || w1

~_ !/ Eqgs.(5)

/ 1 H) 2.3 H Vin~Vsa
| =—[0.1V ——Vj, O+ ——"——=t
LpkLIMIT Ree O 300 " L d

00

Egs.(15)

Vin—V. 2
Ika =7mL st %T +td§

Inductor peak current

>
Supply voltage

Figure 10: Plot of Inductor peak current
as afunction of supply voltage
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13-8. DIMMING
The following are 3 kinds of methods.

1. Dimming by R g
The current of the LED (I, gp) is determined by R, ¢, , which can be set by switches such as transistors.

ON/OFF
ONIOFF 0.3V OFF
v, En | OVOFIZVON
8

Vref

LED

I ep =

R gp: Total value of Resistors

V,4=0.515V (typ)

AMA

NI NI .
i A L} Ll
c | 3 Rieps RLEDl Rienz
J; ouT . LED =
Swi Sw2

CONTROL CONTROL
m SIGNAL1 SIGNAL2

Figure 11: Example of 3LEDs with a4 brightness level circuit

The current of the LED can be approximated as

SW1|Sw2 e
1| oN | oN Ve
RLED]// RLEDZ/ Riens
2| ON | OFF Ve |
- - LED
RLEDS// Riep1
Vref
3| oFF | ON S
RLEDS/ RLED2
Vref
4| OFF | OFF -
LED 3
1 2 3 4
Brightness level
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2. Dimming by DAC (D/A Converter) output
Dimming is achievable by applying a DA C output to the V¢, terminal with addition of Rpac; and Rpac»

ON/OFF
ON/OFF 0.3V OFF
ON/OFF 1.2V ON
Viy EN c
8

DAC
OUTPUT

)

= Roace

LED

O
Q
c
S
-
m
o
A
Wy
py)

Figure 11: Dimming by DAC (D/A Converter) output

The current of the LED can be given as

1 0 R O
ltep == Vg ~ DAC2 (Vpacout =~ Vi )O Where V,4=0.515V (typ)
Rieo O DAC1 O
1 .
= (2Vi¢ ~Vpacour)  Where Rpaci=Rpac; is assumed
LED
I ep

DAC output voltage
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3. PWM Dimming

Apply the PWM signal to the EN terminal; (Pin no.8). In this case, a signal frequency of approximately 120 Hz is adequate.
The average current of the LED changes due to the ON/OFF cycle of the IC, which follows the duty cycle of the PWM signal.

Set the PWM signal at ahigh level 1.2V and alow level 0.3V, with adriving current over 8uA

ON/OFF
ON/OFF 0.3V OFF
ON/OFF 1.2V ON
Vi EN c
8

LED CURRENT CURVE vs. PWM SIGNAL CURVE
v lsComp
- e -+ LED SETTING
. LED CURRENT CURRENT
Ty v, Ton | Toff
L g ngggr 0.515V
= —p-}-—f--—-1---- 12v
|J—| < PWM SIGNAL
_'f:;] 4 5 (Appliedto ON/OFF pin) f~—~-~f~——-f~——1—"" 03v
Voue L|_IEXT GND '
T fdim=1/T=120Hz
— — — Duty(%)=(Ton-100) / T
- Ll |l Lt}
J; Cour —> ILep
Figure 12: Dimming by PWM signal
The PWM dimming LED current follows the PWM signal. (As shown above)
The average LED current is obtained from the formula below.
— Uty — Vref
I' ep(avg) = LED(MAX) & Where | gpmaxy == —
The graph below shows an example with | . MAX15mA at a Duty Cycle 80%, 50% and 20%.
Duty Cycle = 80% Duty Cycle = 50% Duty Cycle = 20%
Tek EXTH 25.0kS/s ] lAchs . Tek ST 25.0kS/s : 164 Achs . Tek25.0k$/:s " _10_5ch_5_ o
LED current 126085 hz LED current 120185 Hz LED current 113630 H
Lphilae : : : o] e ampiiide
€2 +Duty C2 +Duty €2 +Duty
80.0 % 50.0 % 19.9%
k, NU Empiitide L L F Hmpiiide R F Spiitide
PWM signal PWM signal PWM signal
L HE A TR T 0 A i N
24| e - 24 24
T0.0mv  ChZ T1.00V M2.00ms ChZJ 560mV 12 Oct 2001 T0.0mV_ ChZ 1.00v  M2.00ms ChZJ 560mY 12 Oct 2001 T0.0mv  Ch2 1.00V  W2.00ms Ch2 7 560MV 12 0Oct 2001
14:13:40 14:12:16 14:10:29
10mA/div, 1V/div, 2mSec/div 10mA/div, 1V/div, 2mSec/div 10mA/div, 1V/div, 2mSec/div

Input PWM signal curve vs. LED current curve (ex. Three LEDs, LED current 15mA)
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14. WHITE LED APPLICATION

14-1. APPLICATION CIRCUIT (3 LEDs in Series, Internal Schottky Diode)

¢ LED Current: 13mA

L: 22uH  Type D31FB Toko Sample Number: 984FB-220M

Type D52L.C Toko Sample Number A914BY W-220M

ON/OFF
ON/OFF 0.3V OFF
EN | OWOFFL2vON .
8

L 22pH
D31FB
TOKO

VIN

LED Current and Efficiency Characteristics
Efficiency (%)=100V out(] go/(V,[y)

100

90

80

70

Efficiency (%)

60

50

Efficiency vs. Supply Voltage

D52LC
— // B
-
D31FB
20 25 30 35 40 45 50
Supply Voltage(V)

LED Current(mA)

20

18

16

14

12

10

LED Current vs. Supply Voltage

2.0

25

30 35 40
Supply Voltage(V)

45

5.0
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14-2. APPLICATION CIRCUIT (4 LEDs in Series, Internal Schottky Diode)
*LED Current: 13mA

L: 15uH Type D31FB Toko Sample Number: 984FB-150M
Type D52L.C Toko Sample Number: A914BY W-150M

—(O ON/OFF

ON/OFF 0.3V OFF
ON/OFF 1.2V ON

LED Current and Efficiency Characteristics
Efficiency (%)=100V out[] o/ (V ndy)

Efficiency vs. Supply Voltage LED Current vs. Supply Voltage

100 20

90 . 18
= <
< D31FB £

> & 5 16
8 -’—//—’_ 5
2 3

s 10 o4
w |
-

12

10

20 25 30 35 40 45 50 20 25 30 35 40 45 50
Supply Voltage(V) Supply Voltage(V)
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14-3. APPLICATION CIRCUIT (3 LEDs in Series, External Schottky Diode)
*LED Current: 13mA

L: 22uH  Type D31FB Toko Sample Number: 984FB-220M
Type D52L.C Toko Sample Number A914BY W-220M

ON/OFF
ON/OFF 0.3V OFF
v, EN | OWOFFL2vON.
8

L 22uH
D31FB
TOKO

SB07-03C
SANYO >t > >t

LED Current and Efficiency Characteristics
Efficiency (%)=100V out(} go/(V,n[y)

Efficiency vs. Supply Voltage LED Current vs. Supply Voltage

100 20

90 D52L.C ~ 18
2 z

S

S | — s

g 80 E—— 5 16
=]

3 10 D31FB 3 1
m 0
-

12

10

20 25 30 35 40 45 50 20 25 30 35 40 45 50
Supply Voltage(V) Supply Voltage(V)

GC3-J009 Page 22



[= TOKO TK11860B

14-4. TK11860B Evaluation Board Layout

VIN
I|— EN
O
EN
Vin \Y C
O Q0 QO
EN ¢ 6\ =0 G+
Voup i @ @ @ GND
med ==y
[} : —® c, ——
: o8} H EXT
L -: Cin 1
——rrre= 4ATUF —— § Ry
c, —
Z.ZUFT
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15. PACKAGE OUTLINE
FC-8
+0.03
Mark 7”30 e on®)
] I |

/

\ Al Pin Mark Area

CAv
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+
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: y Ovy
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ol -
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16. NOTES

17. 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 Dec.2002. 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/

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

I.E B [ VEETING YOUR NEEDS |
Al TOKO, INC.
[ TO BUILD THE QUALITY RELIED BY COSTOMERS |

Semiconductor Division

" YOUR DISTRIBUTOR )
\_ J
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