High Efficiency
For LED Backlight, 1ch LED Driver IC

BLO100OA

Description

BLO100A is LED driver IC for LED backlight, and it
can do dimming to 0.02% by external PWM signal.

This IC realizes a high efficiency by the boost
convertor control that absorbs variability on V.

The product easily achieves high cost-performance
LED drive system with few external components and
enhanced protection functions.

Features
Boost convertor

e Current-Mode type PWM Control
e PWM frequency is 100 kHz to 500kHz
e Maximum On Duty is 90%

LED current control

e PWM Dimming
e Analog Dimming
e High contrast ratio is 1 / 5000

Protections

e Error Signal Output

e Overcurrent Protection for Boost Circuit (OCP)
Pulse-by-pulse
e Overcurrent Protection for LED Output (LED_OCP)
Pulse-by-pulse

e Overvoltage Protection (OVP)
e Output Open/Short Protection
e Thermal Shutdown (TSD)

Typical Application
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Specifications

e Absolute maximum voltage of VCC pin is 20 V
e Adjustable PWM frequency, 100 kHz to 500 kHz

Applications

e LED Backlights
e LED Lighting etc.
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1. Absolute Maximum Ratings

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); and current
coming out of the IC (sourcing) is negative current (—).
Unless otherwise specified, Ta is 25 °C.

Parameter Symbol Cor;l;jeiiitons Pins Rating Unit
REG Pin Source Current lrec 2—7 -1 mA
OVP Pin Voltage Vove 37 -0.3to5 \Y
PWM Pin Voltage Vowm 4—7 -0.t05 \Y
IFB Pin Clamp Current les ﬁ's”g'e pulse § 15 7 10 mA
FSET Pin Source Current leseT 6—7 -300 HA
VCC Pin Voltage Ve 87 -0.3t0 20 \Y
SW Pin Voltage Vsw 9-7 -0.3t0 Ve +0.3 \Y
DRV Pin Voltage Vpry 10-7 -0.3t0 Ve +0.3 \Y
OC Pin Voltage Voc 11-7 —0.3to5 \Y
ER Pin Voltage Ver 14-7 ~0.3~VRes \V
VREF Pin Voltage VRree 1-7 -0.3to5 \V
Operating Ambient Temperature Top — —401t0 85 °C
Storage Temperature Tsig — —40 to 125 °C
Junction Temperature T; — 150 °C

2. Electrical characteristics

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); and current

coming out of the IC (sourcing) is negative current (—).
Unless otherwise specified, Ta is 25 °C, V=12 V.

Parameter Symbol Cor;l;jeiiitons Pins Min. | Typ. | Max. Unit
Start / Stop Operation
Operation Start Voltage1 Vecon) 87 8.5 9.6 10.5 \Y
Operation Stop Voltage Vecorr 87 8.0 9.1 10.0 \Y
Circuit Current in Operation lecion 8—7 — 5.3 8.0 mA
Circuit Current in' Non-Operation lccorr) Vec=8V 8—7 — 70 200 MA
REG Pin Output Voltage Vrec 2—7 4.9 5.0 5.1 \Y
Oscillation
PWM Operation Frequency 1 fowmt Veser=2V 10-7 95 100 105 kHz
PWM Operation Frequency 2 fowmz R22=47kQ| 10-7 440 500 560 kHz
Maximum ON Duty Dmax 10-7 85 90 95 %
Minimum ON Time tMiN 10-7 40 140 240 ns
g:t(ZrI;/IP Pin Voltage at Oscillation Veoupon 137 | 035 | 050 | 065 v
g:t(gpMP Pin Voltage at Oscillation Ve 13-7 0.10 0.25 0.40 v
VREF / IFB Pin
VREF Pin Minimum Setting Voltage| Veeruny | Veer=0V | 17 | 005 | 025 | 045 | Vv

1
Vecon) > Vecorr

BLO100OA-DSJ Rev.1.3
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Test . . .
Parameter Symbol Conditions Pins Min. | Typ. | Max. Unit

VREF Pin Maximum Setting Voltage| Vgrermax) | Vrer=5V 1-7 1.75 2.00 2.35 \V
IFB Pin Voltage at Auto Restart
Operation 9 Virs(ar) Veee=1V 12-7 0.45 0.50 0.55 \
IFB Pin Voltage at COMP Charge
Switching g g Viescomr) | Veer=1V | 12-7 | 055 | 0.60 | 0.65 | V
IFB Pin Overcurrent Protection Low _ N
Threshold Voltage Viesocy) | Vrer=1V 12-7 1.9 2.0 2.1 \
IFB Pin Overcurrent Protection _ N
Release Threshold Voltage Virsocrorr) | Vrer=1V 127 15 1.6 L7 v
IFB Pin Overcurrent Protection High N
Threshold Voltage Vire(och) 12=7 3.8 4.0 4.2 v
IFB Pin Bias Current lire(e) V=5V 12-7 — — 1 HA
Current Detection Threshold Voltage Vies Vege=1V 127 0.98 1.00 1.02 \V
COMP Pin
COMP Pin Maximum Output
VOItage P VCOMP(MAX) Vigg = 0.7V 13-7 4.8 5.0 — \Y
COMP Pin Minimum Output Voltage, Vcompeuingy | Viee=2.0V | 137 — 0 0.2 \Y
Transconductance gm — — 640 — uS
COMP Pin Source Current lcompisre) | Vire=0.7V | 137 =77 -57 -37 MA
COMP Pin Sink Current ICOMP(SNK) V=15V 137 37 57 77 l.,lA
COMP Pin Charge Current at Startup|  lcomes) Veowr=0V | 13-7 -19 =11 -3 HA
COMP Pin Reset Current lcomp(r) 13-7 200 360 520 HA
ER Pin
ER Pin Sink Current during a .
Non-Alarm ler Ver=1V 14-7 25 4.4 6.3 mA
Boost Parts Overcurrent Protection (OCP)
OC Pin Overcurrent Protection _ _
Threshold Voltage Voep Veowp=45V| 11-7 0.57 0.60 0.63 \
Overvoltage Protection (OVP)
OVP Pin Overvoltage Protection »
Threshold Voltage Vovp 37 2.85 3.00 3.15 \%
OVP Pin OVP Release Threshold
Voltage Voveorr 37 2.60 2.75 2.90 \
PWM Pin
PWM Pin ON Threshold Voltage Vewmon) 4—7 1.4 15 1.6 \Y
PWM Pin OFF Threshold Voltage Vewm(orr) 4—7 0.9 1.0 1.1 \V
PWM Pin Impedance Rewm 4—7 100 200 300 kQ
SW / DRV Pin
SW Pin Source Current Isw(sre) 9-7 — -85 — mA
SW Pin Sink Current Iswsnik) 9-7 — 220 — mA
DRV Pin Source Current Ibrv(sRC) 10-7 — -0.36 — A
DRV Pin Sink Current IbRV(SNK) 10-7 — 0.85 — A
Thermal Shutdown Protection (TSD)
Thermal Shutdown Activating o
Temperature Ticrso) B 125 B B c
Hysteresis Temperature of TSD TicrsoyHys — — 65 — °C
Thermal Resistance
Therr_nal Resistance from Junction to 0iA o . . 120 SCIW
Ambient

|
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3. Block Diagram

vee (® ® REG
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b @ ___________________ |
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4. Pin Configuration Definitions
Number Name Function
VREF[ |1 O 14| |ER 1 VREF | Detection voltage setting
REG I: 2 13 :I COMP 2 REG Internal regulator output
ovp I: 3 14 :I FB 3 OVP Overvoltage detection signal input
4 PWM Dimming MOSFET gate drive output
PwM[ |4 11| Joc
5 (N.C) —
(N.C) E > 10 :| DRV 6 FSET Boost MOSFET drive frequency setting
FSETI: 6 9 :‘ SwW 7 GND Ground
GND[ |7 8| |vce 8 vCC Power supply voltage input
9 SW PWM dimming drive output
10 DRV Boost MOSFET gate drive output
1 oC Current mode control signal input and
overcurrent protection signal input
12 IFB Feedback signal input of current detection
13 COMP Phase compensation and soft-start setting
14 ER Error signal output
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5. Typical Application
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Figure 5-1 Typical Application Circuit
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6. Physical Dimensions

* SOIC14
I | §
B/} R S
1
NOTES:

e Dimension is in millimeters

3.9
6.0

1.45

™
L/

0.15

0.43

e Pb-free. Device composition compliant with the RoHS directive

7. Marking Diagram

14 1M
BLO100A
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Part Number

Lot Number:
Y is the last digit of the year of manufacture (0 to 9)
M is the month of the year (1t0 9, O, N, or D)
D isa period of days:
1: the first 10 days of the month (1st to 10th)
2: the second 10 days of the month (11th to 20th)

3: the last 10-11 days of the month (21st to 31st)

Control Number
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8. Operational Description

All of the parameter values used in these descriptions
are typical values, unless they are specified as minimum
or maximum.

Current polarities are defined as follows: current going
into the IC (sinking) is positive current (+); and current
coming out of the IC (sourcing) is negative current (—).

8.1 Startup Operation

Figure 8-1 shows the VCC pin peripheral circuit. The
VCC pin is the power supply input for control circuit
from the external power supply.

When the VCC pin voltage increases to the Operation
Start Voltage, Vccony = 9.6 V, the control circuit starts
operation. After that, when the PWM pin voltage exceeds
the PWM Pin ON Threshold Voltage, Vewmon) 0f 1.5 V
(less than absolute maximum voltage of 5 V), the COMP
Pin Charge Current at Startup, lcomei) = —11 pA, flows
from the COMP pin. This charge current flows to
capacitors at the COMP pin. When the COMP pin
voltage increases to the COMP Pin Voltage at Oscillation
Start, Vcomeony = 0.50 V or more, the control circuit
starts switching operation. As shown in Figure 8-2, when
the VCC pin voltage decreases to the Operation Stop
Voltage, Vccorr = 9.1 V, the control circuit stops
operation, by the UVLO (Undervoltage Lockout) circuit,
and reverts to the state before startup.

External power supply
_‘—

8 PWM —>

. COMP GND
7z —— 13 7
C

R23
C11

C10

—o—o
Figure 8-1.© VCC Pin Peripheral Circuit

lec

\ Stop

> VCC

Vec(orp Veeonw

Figure 8-2. V¢ Versus Icc

BLO100OA-DSJ Rev.1.3
Oct. 11,2016

When the on-duty of the PWM dimming signal is
small, the charge current at the COMP pin is controlled
as follows in order to raise the output current quickly at
startup.

Figure 8-3 shows the operation waveform with the
PWM dimming signal at startup.

VCC Pin Voltage (¢
Veeon| = — — D)
0

A Constant current control
IFB Pin Voltage e

PWM Pin
Dimming Signal |—|

COMP PlnT

VREF pin voltage +

C
D)

Virs(comp.vr)

\4

Charge Current
lcomps)F — = — =+ 1
lcompisre) - — — — ¢}

COMP Pin
Voltage g

o

VCOMP(ON)

v

1C Switching
Status OFF

Figure 8-3. Startup Operation during PWM Dimming

While the IFB pin voltage increases to the IFB Pin
Voltage at COMP Charge Switching, Viegcomp.vr) @
capacitors at the COMP pin are charged by lcomes) = —11
MA. During this period, they are charged by the COMP
Pin Source Current, lcompsre) = 57 HA, when the PWM
pin voltage is 1.5 V or more. Thus, the COMP pin
voltage increases immediately. When the IFB pin voltage
increases to Vegcmp1.vr) OF more, the COMP pin source
current is controlled according to the feedback amount,
and the output current is controlled to be constant. The
on-duty gradually becomes wide according to the
increase of the COMP pin voltage, and the output power
increases (Soft start operation). Thus, power stresses on
components are reduced.

When the VCC pin voltage decreases to the operation
stop voltage or less, or the Auto Restart operation (see
the Section 8.5 Protection Function) after protection is
achieved, then the control circuit stops switching
operation, and capacitors at the COMP pin are
discharged by the COMP Pin Reset Current,
lcompry = 360 WA, simultaneously. The soft start
operation is achieved at restart. The IC is operated by
Auto Restart 1 at startup operation. See the Section 8.5
Protection Function about the caution of startup
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operation. Vegcomp.vr) IS determined by the VREF pin
voltage, as shown in Figure 8-4. When VREF pin voltage
is 1V, the value of Vegcome.vr) becomes 0.60 V.

A
Virgcomp.vr)]

1.2v

0.6V

0.15V

025V 1V v
VREF pin voltage

Figure 8-4. VREF Pin Voltage Versus IFB Pin Voltage
at COMP Charge Switching

8.2 Constant Current Control Operation

Figure 8-5 shows the IFB pin peripheral circuit.

When Q2 turns on, the LED output current, loyrcc), is
detected by the current detection resistor, R11. The IC
compares the IFB pin voltage with the VREF pin voltage
by the internal error amplifier, and controls the IFB pin
voltage so that it gets close to the VREF pin voltage.

The reference voltage at the VREF pin is the divided
voltage of the REG pin voltage, Vres = 5 V, by R20 and
R21, and thus this voltage can be externally adjusted.

The setting current, loyrcc), of the LED_OUT can be
calculated as follows.

V

IOUT(CC) = % (8-1)
SEN

where, Vgegr is the VREF. pin voltage (The

recommended range is 0.5 V to 2.0 V), and Rggy is the
value of R11.

vce ReG |, sv

Xrﬂ LED_OUT(+)
P

5.
R20 ; \Llour(cm

Error Amp. VREF] 1 ;

T LED_OUT(-)

- R21 _I Q2

Abnormal *—
Detector

/ R1L

Output current detection resistor

Figure 8-5. IFB Pin Peripheral Circuit

8.3 PWM Dimming Function

Figure 8-6 shows the peripheral circuit of PWM pin
and SW pin. The PWM pin is used for the PWM
dimming signal input. The SW pin drives the gate of
external MOSFET, Q2. The SW pin voltage is turned on
/ off by PWM signal, and thus the dimming of LED is
controlled by PWM signal input.

As shown in Figure 8-7, when the PWM pin voltage
becomes the PWM Pin ON Threshold Voltage,
Vewmony = 1.5 V or more, the SW pin voltage becomes
Vce. When the PWM pin voltage becomes the PWM Pin
OFF Threshold Voltage, Vewmorr) = 1.0 V-or less, the
SW pin voltage becomes 0.1 V or less. The PWM pin has
the absolute maximum voltage of —0.3 V. to 5.0 V, and
the input impedance, Rpwyn, Of 200 kQ. The PWM
dimming signal should meet these specifications and
threshold voltages of Vewmony @and-Vewmors)-

LED_OUT (+)
A
4] pwMm ul ;
A LED
x
PWM_IN PWM Pulse ~
Detector LED_OUT (-)
I VCC
PWM 0SC w SW A9
2
Main Logic )_| Q
\V
R11

Figure 8-6. The Peripheral Circuit of PWM Pin
and SW Pin.

PWM Pin Voltage“
Vewm(oN)
Vewm(orF)

0

SW Pin Voltage 4
VCC|----ft+—F—F—F -

Time
Figure 8-7. The Waveform of PWM Pin and SW Pin

8.4 Gate Drive

Figure 8-8 shows the peripheral circuit of DRV pin
and SW pin and FSET pin. The DRV pin is for boost
MOSFET, Q1. The SW pin is for dimming MOSFET,
Q2. Table 8-1 shows drive voltages and currents of DRV
pin and SW pin.

BLO100OA-DSJ Rev.1.3
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e Q1 and Q2 should be selected so that these Vgsn
threshold voltages are less than V¢ enough over entire 600

operating temperature range. § 500

e Peripheral components of Q1 (R1, R2, and D2) and Q2 S =
(R8, R9, and D3) affect losses of power MOSFET, 55 400 \
gate waveform (ringing caused by the printed circuit pe = \
board trace layout), EMI noise, and so forth, these %; 300 \
values should be adjusted based on actual operation in T 200 A
the application. g2 N

e R3 for Q1 and R10 for Q2 are used to prevent s ° 100 i
malfunctions due to steep dv/dt at turn-off of the E 0
power MOSFET, and these resistors are connected 1 10 100 1000
near each the gate of the power MOSFETSs and the ) ) N
ground line side of the current detection resistance. Figure 8-9. Relation between PWM Oscillation
The reference value of them is from 10 kQ to 100 kQ. Frequency and Resgr

D1 LED_QUT(+)

L1

Y

8.5 Protection Function

ct i
R2 A As shown in Table 8-2, the IC performs protection
RO operations according to kind of abnormal state. In all
Q2 . ; e

0o protection functions, when the fault condition is removed,
R1 S JR10[R1L the IC returns to normal operation automatically. The
] R3 R8 intermitted oscillation operation reduces stress on the
e—*° " hd power MOSFET, the secondary rectifier diode, and so

o1 VCCI l] SRV forth.

PWM OSC
Main Logoc

Table 8-2. Relationship between a Kind of Abnormal
State and Protection Operations

¢ AGND ¥ -
! Abnormal States grotecpon
perations
Fi 8.8, The Peripheral Circit of DRYH! 1 | Overcurrent of Boost Circuit (OCP)
igure 8-8. e Peripheral Circuit o in,
SW Pin and ESET Pin 2 | Overcurrent of LED Output (LED_OCP)
3 | Overvoltage of LED_OUT(+) (OVP) Auto
4 | Short Mode between LED_OUT(-) and GND | [eoart?
Table 8-1. Drive Voltage and Current = ( ),
5 Short Mode of LED Current Detection
Pins Drive Voltage, Vpgry Drive Current, lpgy Resistor (Rsgy_Short)
High Low Source Sink 6 | Short Mode of Both Ends of LED Output Auto
DRV Vee 0.1v Z0.36 A 085 A 5 | Open Mode of LED Current Detection Restart 2
or less Resistor (Rsgn_Open)
0.1v Auto
SW V, -85 mA 220 mA i
cc or less 8 | Overtemperature of Junction of IC (TSD) Restart 3

As shown in Figure 8-9, the PWM oscillation
frequency of DRV pin can be set between 100 kHz and ~ ® Auto Restart 1:

500 kHz, depending on the value of R22 connected to As shown in Figure 8-10, the IC repeats an intermitted
FSET pin, Reser. oscillation operation, after the detection of any one of

abnormal states 1 to 5 in Table 8-2. This intermitted
oscillation is determined by tars: OF tarsz, and tarorri-
The tags: is an oscillation time in the first intermitted
oscillation cycle, Tar:. The tars, is an oscillation time
in the second and subsequent intermitted oscillation
cycle, Taro. The tarorr: IS @ non-oscillation time in all
intermitted oscillation cycle.

When PWM dimming frequency is low and the
on-duty is small, the startup operation, the restart
operation from on-duty = 0% and the restart operation
from intermitted oscillation operation need a long time.

|
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Thus the value of tars; and tars, depend on frequency
and on-duty of the PWM dimming signal, as shown in
Figure 8-12 and Figure 8-13.

If the on-duty is 100%, the value of tars; is 61.4 ms,
and tarsy is 41.0 ms. The value of tagoges is about 1.3 s.

e Auto Restart 2:

As shown in Figure 8-11, the IC stops the switching
operation immediately after the detection of abnormal
states 6 or 7 in Table 8-2, and repeats an intermitted
oscillation operation. In the intermitted oscillation
cycle, the tarsw is an oscillation time, the tarorr; iS @
non-oscillation time.

The value of tagsw iS a few microseconds. The value
of tarsy is derived from Figure 8-11, and tarorr IS
calculated as follows:

(8-2)

tAROFFZ = tARSZ - tARSW + tAROFFl

If the on-duty is 100%, the value of tarorr, becomes
about 1.341 ms.

e Auto Restart 3:
The IC stops the switching operation immediately after
the detection of abnormal states 8 in Table 8-2, and
keeps a non-oscillation.

fom : PWM dimming frequency

2500 T T T TTTTm
_— fDM =100 Hz
2000 sy ———= fom=300 Hz
1500
(72}
£ N
~ 1000
g R W
+ 500 == J N
i \&._
0 L
0.01 1 100
Duty (%)
Figure 8-12. PWM Dimming On-duty Versus tars:
fom : PWM dimming frequency
1400 I T LT I TTTIH
1200 S fom= 100 Hz|
M| =---  fom=300H
1000 N ow gt
—~ 800
Z N
E 600 \
> "\
€ 400 P =31
~ 200 N
=s~~.
0
0.01 1 10 100
Duty (%)

Release i - i i -
Abriormal Figure 8-13. PWM Dimming On-duty Versus tars,
state
Eg}mlto The operating condition of Auto Restart 1 and 2 is as
\S/\é\llt;)ér; N 251 tars2 tars2 operation follows:
0 ™ < The operating condition of Auto Restart 1 >
tarorrr | tarorrs | laroFRL ime The Auto Restart 1 is operated by the detection signals
Tams Tarz T of the OC pin or IFB pin.
e Operation by the detection signal of OC pin:
Figure 8-10. Auto Restart 1 When the OC pin vol_tage increase to the OC Pin
Overcurrent Protection Threshold Voltage,
Vocp = 0.60 V, or more, the operation of the IC
switches to Auto Restart 1. When the fault condition is
Release .
Abnormal removed and the OC pin voltage decreases to under
state Vocp, the IC returns to normal operation automatically.
Return to e Operation by the detection signal of IFB pin:
SW pin tarsw  tamsw Qﬁéﬂ?i'on As shown in Figure 8-14, IFB pin has two types of
voltage 4 e — threshold voltage. These threshold voltages depend on
tarorrz | tarorr } tarore the VREF pin voltage, as shown in Figure 8-15.
0 >
tars2 tars2 Time
tAROFFL taroFFL tAROFFL
Figure 8-11. Auto Restart 2

|
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IFB Pin4

Voltage . ) < The Operating Condition of Auto Restart 2 >
Y a— : i The Auto_Restart 2 is operated by the detection signal
! | of the IFB pin.
i Vil \ Ay, As shown in Figure 8-16, when the FB pin voltage
P IRARVR-R 1 IFBCOMP) increase to the IFB Pin Overcurrent Protection High
0 : : i : > Threshold Voltage, ViegocHy = 4.0 V, or more, the
Sw pinA ! 1 Return tp normal pperation ¢ operation of the IC switches to Auto Restart 2, and the IC
Voltaglgg | L\ ' stops switching operation immediately. When the fault
‘ ‘ ‘ condition is removed and the IFB pin voltage decreases
0 > to under Vegocry, the operation of the IC switches to
i(_T" :<7—n: Time Auto Restart 1.
Auto Restart 1
IFB Piny
Voltage ,
Figure 8-14. IFB Pin Threshold Voltage ViFB(0CH) |- -~ = - N
and Auto Restart 1 Operation ; 1N = Virg(0cL-0FFVR)
o - .
ViesocLvr) : IFB Pin Overcurrent Protection Low Threshold Voltage SW Pin4 i i igeég?c}g normal
VirsocL-orr.vr) :IFB Pin Overcurrent Protection Release Threshold Voltage Voltage | Lo
Virsarvr) :IFB Pin Auto Restart Operation Threshold Voltage ‘ ‘ ” v
0 | : >
10.0 e Time
Auto Restart 2 E \—Auto Restart 1
\‘/IFB(OCLXR)
S - ---! 30V Figure 8-16. IFB Pin Thresholql Voltage
2 7" ViesocLvr) and Auto Restart 2 Operation
g v |
§ /cl f ‘/IFB(AF’ VR) .
S 10 ai LoV < Note at Startup Operation > _
2 = —~ When the LED current is low and the IFB pin voltage
£ osv /,‘ 17 is less than Veg(arer), during startup for example, the 1C
E 0.4V ’ is operated by Auto Restart 1. If the startup time is too
o : long, the I1C operation becomes the intermitted oscillation
T ! by the Auto Restart 1. It becomes cause of the fault
.:/ startup operation, thus the startup time should be set less
0-102EV | than tars: in Figure 8-10.
0.1 0.25V 1.0

VREF Pin Voltage (V)

Figure 8-15. VREF Pin Voltage Versus
IFB Pin Threshold Voltages

e When IFB Pin Voltage Increases
When the FB pin voltage increase t0 ViggiocLvr) iN
Figure 8-15, or more, the operation of the IC switches
to Auto Restart 1. When the fault condition is removed
and the IFB pin voltage decreases to VegocL-orr.vr) iN
Figure 8-15, or less, the IC returns to normal operation
automatically.

e When IFB Pin Voltage Decreases
When the FB pin voltage decrease t0 Viegarvr) in
Figure 8-15, or more, the operation of the IC switches
to Auto Restart 1. When the fault condition is removed
and the IFB pin voltage increases to above Vegcomp),
the IC returns to normal operation automatically.
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The protection operation according to the abnormal
states in Table 8-2 is described in detail as follows:

8.5.1 Overcurrent of Boost Converter Part
(OCP)

When the OC pin detects the overcurrent of boost
circuit, the IC switches to Auto Restart 1.

Figure 8-17 shows the peripheral circuit of OC pin.
When Q1 turns on, the current flowing to L1 is detected
by R4, and the voltage on R4 is input to the OC pin.
When the OC pin voltage increases to the OC Pin
Overcurrent Protection Threshold Voltage, Vocp = 0.60
V or more, the on-duty becomes narrow by
pulse-by-pulse basis, and the output power is limited.

LED_OUT(+)
LED_OUT(-)
FQ2

R11

—= Cl12

GND 47

Figure 8-17. OC Pin Peripheral Circuit

8.5.2 Overcurrent of LED Output
(LED_OCP)

Figure 8-18 shows the peripheral circuit of IFB pin
and COMP pin.

When Q2 turns on, the output current is detected by
R11. When the boost operation cannot be done by failure
such as short circuits in LED string, the IFB pin voltage
is increased by the increase of LED current. There are
three types of operation-modes in LED_OCP state.

e When the IFB pin voltage is increased by the increase
of LED current, COMP pin voltage is decreases. In
addition, when the COMP pin voltage decreases to the
COMP . Pin ~Voltage at Oscillation  Stop,
VCOMP(OFF) = 0.25 V or less, the IC stops switching
operation, and limits the increase of the output current.
When IFB pin voltage is decreased by the decrease of
LED current, COMP pin voltage increases. When
COMP pin voltage becomes VCOMP(ON) = 0.50 V or
more, the IC restarts switching operation.

e When IFB pin voltage becomes VIFB(OCL.VR) or
more (see Figure 8-15), the IC switches to Auto
Restart 1.

e The LED current increases further and when the IFB
pin voltage increases to the IFB Pin Overcurrent
Protection High Threshold Voltage, VIFB(OCH) = 4.0
V or more, the IC switches to Auto Restart 2.

SANKEN ELECTRIC CO.,LTD. 13
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LED_OUT(+)
Ul IFB |12 1
Feedback 7
eedbac
E
LED_OUT(-)
13
OC control RZS_Ell Q2
C10 R11

Output current detection resistor

Figure 8-18. The Peripheral Circuit of IFB Pin
and COMP Pin

8.5.3 Overvoltage of LED _OUT (+) (OVP)

Figure 8-19 shows OVP pin peripheral circuit.

The OVP pin detects the divided LED output voltage
by R6 and R7. When the LED_OUT (+) or the IFB pin is
open and the‘OVP pin voltage increases to the OVP Pin
Overvoltage Protection Threshold Voltage, Vove = 3.00
V, the IC immediately stops switching operation. When
the OVP pin voltage decreases to the OVP Pin
Overvoltage Protection Release Threshold Voltage,
Voveerr = 2.75 V or the IFB pin voltage decreases to
Viegarvry iN Figure 8-15, then the IC switches to Auto
Restart 1.

LED_OUT(+)
L1 D1
| R6 LED_OUT(-)
QL r
c2 FQ2
R4 R7 R11

Figure 8-19.

OVP Pin Peripheral Circuit

8.5.4 Short Mode between LED_OUT(-)

and GND
When the LED_OUT (-) and the GND are shorted,
and the IFB pin voltage decreases to Vggarvr) in Figure
8-15, then the IC switches to Auto Restart 1.
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http://www.sanken-ele.co.jp/en

BLO100A

8.5.5 Short Mode of LED Current Detection

Resistor (Rsen_Short)

When the output current detection resistor, R11, is
shorted, the IFB pin voltage decreases. When the IFB pin
voltage decreases t0 Viegar.vr) in Figure 8-15, then the
IC switches to Auto Restart 1.

8.5.6 Short Mode of LED Output Both Ends

When the LED OUT (+) and LED _OUT (-) are
shorted, the short current flows through the detection
resistor (R11) while Q2 turns on. The IFB pin detects the
voltage rise of the detection resistor. When the IFB pin
voltage increases to the IFB Pin Overcurrent Protection
High Threshold Voltage, ViegocH) = 4.0 V or more, the
IC switches to Auto Restart 2.

8.5.7 Open Mode of LED Current Detection

Resistor (Rsen_Open)

When the output current detection resistor, R11, is
open, the IFB pin voltage increases. When the IFB pin
voltage increases to the IFB Pin Overcurrent Protection
High Threshold Voltage, VegocH)= 4.0 V or more, the
IC switches to Auto Restart 2.

8.5.8 Overtemperature of junction of IC
(TSD)

When the temperature of the IC increases to
Tjrspy = 125 °C (min) or more, the TSD is activated, and
the IC stops switching operation. When the junction
temperature decreases by Tjrspy — Tjrspynvs after the
fault condition is removed, the IC returns to .normal
operation automatically.

8.6 Error Signal Output Function

When an external circuit such-as microcomputer uses
the error signal output, configure the peripheral circuit of
ER pin using the pull-up resistor, R8, and the protection
resistor of ER pin, Rgg, as shown in Figure 8-20.

The ER pin is connected to internal switch. When the
protection function is active, the internal switch becomes
OFF and ER_OUT becomes REG pin voltage from 0 V.

The resistances of R17 and Rgg are about 10 kQ.

Figure 8-20. ER Pin Peripheral Circuit

BLO100OA-DSJ Rev.1.3
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9. Design Notes

9.1 Peripheral Components

Take care to use the proper rating and proper type of
components.

e Input and output electrolytic capacitors, C1 and C2
Apply proper design margin to accommodate ripple
current, voltage, and temperature rise.

Use of high ripple current and low impedance types,
designed for switch-mode power supplies, is
recommended, depending on their purposes.

e Inductor, L1
Apply proper design margin to temperature rise by
core loss and copper loss.

Apply proper design margin-to core saturation

e Current detection resistors, R4-and R11
Choose a type of low internal inductance because a
high frequency switching current flows to the current
detection resistor, - and of properly allowable
dissipation.

9.2 Inductor Design Parameters

The CRM" or DCM* mode of boost converter with
PWM dimming can improve the output current rise
during PWM dimming.

*CRM is the critical conduction mode,

DCM is the discontinuous conduction mode.

The CRM or DCM inductor design procedure is
described as follow:

(1) On-duty Setting

The output voltage of boost converter is more than the
input voltage. The on-duty, Doy can be calculated using
following equation. The equality of the equation means
the condition of CRM mode operation and the inequality
means that of DCM mode operation.

Dy <207 — N (9-1)

where:

V) is the minimum input voltage,

Vour is the maximum forward voltage drop of LED
string.

Do is selected by the above equation applied to CRM
or DCM mode. If foyy = 100 kHz, the range of Doy
should be 1.4% to 90%. If foym = 500 kHz, the range of
Doy should be 7% to 90%. (The minimum value results
from the condition of tyy = 140 ns, and fpym. The
maximum value is Dyax).

(2) PWM Oscillation Frequency Selection
The PWM oscillation frequency of DRV pin, fowm,
depends on the value of R22 connected to Fger pin.
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The value of fpyyy is set by Figure 8-9.

(3) Inductance Value, L
The inductance value, L, for DCM or CRM mode can
be calculated as follow:

(VIN x Doy )2

2x 1oy X Fopm ><(VOUT _VIN)

L< (9-2)

where:
lout IS the maximum output current,
fownm is the maximum operation frequency of PWM

(4) Peak Inductor Current, 1, p

Vi xD
lp = —F——>% (9-3)

Lxfoum

(5) Inductor Selection

The inductor should be applied the value of inductance,
L, from equation (9-2) and the DC superimposition
characteristics being higher than the peak inductor
current, I p, from equation (9-3).

9.3 PCD Trace Layout and Component
Placement

Since the PCB circuit trace design and the component
layout significantly affects operation, EMI noise, and
power dissipation, the high frequency PCB trace as
shown in Figure 9-1 should be low impedance with small
loop and wide trace.

Figure 9-1.

High-frequency Current Loops
(hatched areas)
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In addition, the ground traces affect radiated EMI
noise, and wide, short traces should be taken into
account.

Figure 9-2 shows the circuit design example.

(1) Main Circuit Trace Layout
This is the main trace containing switching currents,
and thus it should be as wide trace and small loop as
possible.
C1 should be connected near the inductors, L1, in
order to reduce impedance of the high frequency
current loop.

(2) Control Ground Trace Layout
Since the operation of IC may be affected from the
large current of the main trace that flows in control
ground trace, the control ground trace should be
connected at a single point grounding of point A with
a dedicated trace.

(3) Current Detection Resistor Trace Layout
R4 and R11 are current detection resistors.
The trace from the base of current detection resistor
should be connected to the pin of IC with a dedicated
trace.

(4) COMP Pin
Component
R23, C10 and C11 are compensation components.
The trace of the compensation component should be
connected as close as possible to the pin of IC, to
reduce the influence of noise.

(5) Bypass Capacitor Trace Layout on VCC , REG, and
VREF Pins
C9, C6 and C5 of bypass capacitors, connected to
VCC, REG, and VREF pins respectively, should be
connected as close as possible to the pin of IC

(6) Power MOSFET Gate Trace Layout

R3 for Q1 and R10 for Q2 should be connected near
each the gate of the power MOSFETSs and the ground
line side of the current detection resistance.
Peripheral components of Q1 (R1, R2, and D2) and
Q2 (R8, R9, and D3) should be connected as close as
possible between each the gate of the power
MOSFETS and the pin of IC.

Trace Layout for Compensation

© SANKEN ELECTRIC CO., LTD. 2013
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1) Main circuit trace Should b (6) Power MOSFET Gate Trace Layout
® ?Nidc [?U ancde mollljl 8 R3(R10) should be connected near gate of Q1(Q2) and ground line side of R4(R11).
ashviceliaceanasmalioop R1,R2 and D2 (R8, R9 and D3) should be connected as close as possible between gate of
\ Q1(Q2) and DRV(SW) pin.
— F1 — /
P_IN | O /Y'Y » LED_OUT(H)[
- Ny L1 D1
L LED_OUT(-)
R6 O
R2 R9
I 2
a |, ﬁ} o c2 | 5 Q
4t L —® e
D2 R3 t D3 o p
(2) Control ground trace layout should be ®\ RL R4 R7 R8 SR
connected at a single point grounding of _ >
point A with a dedicated trace PGND| O
ER_OUT| O
> R5
R17 b R12
= R18
R20 o—| cs UL
9 VREF | 14 [FER
PWM_IN| O 6 O
‘,4{ } REG 1, 13 [COMP
<
p } OVP — 3 S 12[HEB
c7 \ PWM = oc
C {4 S 13 (3) Current detection trace should
VCC_IN o DRV be connected to the pin of IC
_ ‘._{ 10— - N
with a dedicated trace.
L
L
ON/OFF
R21 R19
S_GND e AW

(5)Bypass capacitor (C5,C6,C8) should be Connected as

(4) COMP pin peripheral components should be ‘
close as possible to the pin of IC.

connected as close as possible to the pin of IC.

Figure 9-2.  Peripheral Circuit Example Around the IC
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10. Reference Design of Power Supply

As an example, the following show a power supply specification, circuit schematic, bill of materials, and transformer
specification.

This reference design is the example of the value of parts, and should be adjusted based on actual operation in the
application.

e Power Supply Specification

IC BLO100A
Input Voltage DC 24V
Maximum Output Power 20 W (max.)
DRV Pin Oscillation Frequency | 100 kHz
Output Voltage 50 V
Output Current 400 mA

e Circuit Schematic

— F1 D1
LED_OUT(+
PN | O — /YN o » _OUT(
LED_OUT(-)
R6 O
R2 1 R9 Q2
c1 A —W—e— Q1 CZZz i
« P e
D2 L D3 —
R1S R7
R3S R4 R8 R10Z RI1l
P_GND| O © &
ER_OUT | O
RS
s Riy R12
SR8
c5
R21 s u1
R23 R19 VREF 10 1 FFER
PWM_IN| O v =
- C6
® } REG 2 < 1311 COMP
J H c7 y OVP | 3 8 12[HEB
—
0 b PWM 14 3 1} ocC
VCC_IN | O~ m < (NC)Hs @ 5o }RRY
¢ FSET 6 ! SW
R16 RIS s, R22 o A GND 4 g [YCcC ) R25
r
ON/OFF| A j Q4 S R20 o cu  |ci2 |ci3
ca R15 = e | C10 T T
b T 4 o

TC_BLO100A 3 R1
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e Bill of Materials

Symbol Part type Ratings® R;;?lg Lng;?ti d Symbol Part type Ratings® R;;?lg Lng;?ti d
F1 Fuse 3A R3 General, chip, 2012 |10 kQ

L1 Inductor 50 uH, 3 A R4 General 0.22Q,2W
D1 Fast recovery 200V,15A |EL1Z R5 General, chip, 2012 | 100 Q

D2 Schottky 30V,1A SIPA-D3 R6 @ |General, chip, 2012 |220 kQ

D3 Schottky 30V,1A SIPA-D3 R7 @ |General, chip, 2012 |11kQ

Q1 Power MOSFET igom\éz’ (typ.) SKP202 R8 General, chip, 2012 470 Q

Q2 Power MOSFET 108 X)”P-) R9 General, chip, 2012 | 1.5 kQ

Q3 PNP Transistor —50V,0.1A R10 General, chip, 2012 |10 kQ

Q4 NPN Transistor 50V,0.1A R11 General 1.35Q,1W
C1 Electrolytic 50V, 22 uF R12 General, chip, 2012 1.5 kQ

c2 Electrolytic 100V, 100 pF R13 General, chip, 2012 | 10 kQ

C3 Electrolytic 50V, 47 pF R14 General, chip, 2012 | 12 kQ

C4 Ceramic, chip, 2012 {50V, 0.1 pF R15 General, chip, 2012 |10 kQ

C5 Ceramic, chip, 2012 | 0.1 pF R16 General, chip, 2012 |15 kQ

C6 Ceramic, chip, 2012 | 10 nF R17 General, chip, 2012 |10 kQ

C7 Ceramic, chip, 2012 | 0.1 uF R18 General, chip, 2012 |82 kQ

Cc8 @ | Ceramic, chip, 2012 | 0.1 uF R19 @ | General, chip, 2012 |560 Q

C9 Ceramic, chip, 2012 {50V, 0.1 pF R20 General, chip, 2012 |10 kQ

C10 Ceramic, chip, 2012 | 0.047 pF R21 General, chip, 2012 |10 kQ

C11 Ceramic, chip, 2012 | 2200 pF R22 General, chip, 2012 | 33 kQ

C12 @ | Ceramic, chip, 2012 | 100 pF R23 General, chip, 2012 |1 kQ

C13 @ | Ceramic, chip, 2012 | 100 pF R24 General, chip, 2012 | Open

R1 General, chip, 2012 [10Q R25 General, chip, 2012 |22 kQ

R2 General, chip, 2012 | 100 Q Ul IC BLO100A

@ Unless otherwise specified, the voltage rating of capacitor is 50V or less, and the power rating of resistor is 1/8W or less.
@ It is necessary to be adjusted based on actual operation in the application.
® Resistors applied high DC voltage and of high resistance are recommended to select resistors designed against

electromigration or use combinations of resistors in series for that to reduce each applied voltage, according to the
requirement of the application.
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Important Notes

All data, illustrations, graphs, tables and any other information included in this document as to Sanken’s products listed herein (the
“Sanken Products”) are current as of the date this document is issued. All contents in this document are subject to any change
without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales representative
that the contents set forth in this document reflect the latest revisions before use.

The Sanken Products are intended for use as components of general purpose electronic equipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the Sanken Products,
please put your signature, or affix your name and seal, on the specification documents of the Sanken Products and return them to
Sanken. When considering use of the Sanken Products for any applications that require higher reliability (such as transportation
equipment and its control systems, traffic signal control systems or equipment, disaster/crime alarm systems, various safety
devices, etc.), you must contact a Sanken sales representative to discuss the suitability of such use and put your signature, or affix
your name and seal, on the specification documents of the Sanken Products and return them to Sanken, prior to the use of the
Sanken Products. The Sanken Products are not intended for use in any applications that require extremely high reliability such as:
aerospace equipment; nuclear power control systems; and medical equipment or systems, whose failure or malfunction may result
in death or serious injury to people, i.e., medical devices in Class Il or a higher class as defined by relevant laws of Japan
(collectively, the “Specific Applications”). Sanken assumes no liability or responsibility whatsoever for any and all damages and
losses that may be suffered by you, users or any third party, resulting from the use of the Sanken Products in the Specific
Applications or in manner not in compliance with the instructions set forth herein.

In the event of using the Sanken Products by either (i) combining other products or materials therewith or (ii) physically,
chemically or otherwise processing or treating the same, you must duly consider all possible risks that may result from all such
uses in advance and proceed therewith at your own responsibility.

Although Sanken is making efforts to enhance the quality and reliability of its products, it\is impossible to completely avoid the
occurrence of any failure or defect in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which
the Sanken Products are used, upon due consideration of a failure occurrence rate or derating, etc., in order not to cause any human
injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products. Please refer
to the relevant specification documents and Sanken’s official website in relation to derating.

No anti-radioactive ray design has been adopted for the Sanken Products.

No contents in this document can be transcribed or copied without Sanken’s prior written consent.

The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products and Sanken assumes no responsibility whatsoever for any and all damages and losses that may be
suffered by you, users or any third party, or any possibleinfringement of any and all property rights including intellectual property
rights and any other rights of you, users or any third party, resulting from the foregoing.

All technical information described in this document (the “Technical Information”) is presented for the sole purpose of reference
of use of the Sanken Products and no license, express, implied or otherwise, is granted hereby under any intellectual property
rights or any other rights of Sanken.

Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty
of merchantability, or implied warranty-of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to any information contained in this document (including its accuracy, usefulness, or
reliability).

In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use of any particular controlled substances, including, but not limited to, the EU RoHS
Directive, so as to be in strict compliance with such applicable laws and regulations.

You must not use the Sanken Products or the Technical Information for the purpose of any military applications or use, including
but not limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Technical
Information, or providing them for non-residents, you must comply with all applicable export control laws and regulations in each
country including the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan,
and follow the procedures required by such applicable laws and regulations.

Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including
the falling thereof, out of Sanken’s distribution network.

Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the contents included herein.

Please refer to the relevant specification documents in relation to particular precautions when using the Sanken Products, and refer
to our official website in relation to general instructions and directions for using the Sanken Products.

e All rights and title in and to any specific trademark or tradename belong to Sanken or such original right holder(s).
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