Voltage Regulators Panasonic

AN8041S

Liquid crystal backlight control IC

H Overview Unit: mm
The AN8041S is an inverter control IC for liquid
crystal backlight using PWM method. The output m 5
voltage of DC-DC converter and the current of cath- HHEBEHHBHRBH
ode-ray tube can be controlled by using two error
amplifiers, so that the system is designed easily.
Since the n-channel MOSFET can be directly O
driven, it is possible to construct a highly effective

power supply. E' H H H H H H Eli,

10.1+0.3

4.2+0.3
6.5:0.3

2

9
W Features . . -
e Operating supply voltage: 3.6 Vto 34 V * T i H
e Totem pole output circuit: OQutput current of £500 mA 0.4 1.27 0.400.25 S
e Built-in bootstrap circuit Seating plane g Seating plane /

¢ N-channel power MOSFET can be directly driven
e Built-in two error amplifier circuits allow both the SOP016-P-0225A
voltage and current control

Note) The package of this product will be changed to lead-free type
(SOP016-P-0225E). See the new package dimensions section
later of this datasheet.

e Incorporating on/off functions (active-high con-
trol input, standby mode current is 5 A or less)

e Built-in timer latch short-circuit protection circuit

e Maximum oscillation frequency: 500 kHz

Note) *: The voltage is limited to the range of 3.6 V to 17 V if used in a step-down circuit.

B Applications
e |.CD displays, digital still cameras, and PDAs

i : 2 = & ¢!
Ml Block Diagram 2 & 3 £ ks
[
VREF Constant —
1 257V current source >—|_OSC Bootstrap "
CB
or |6 On/off PWM comp.
Off Dn/off
active-high : .
Out
SU.V.L.O. L 8 Bl
> 2l PN
LR ! < 7
Latch Q Error amp. 1 IN-1
9
S.CP. : J_ S.C.P. FB2
S o ST N
> 10
Error amp. 2 IN-2
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AN8041S

Panasonic

B Pin Descriptions

Pin No.|Symbol Description Pin No. [Symbol Description
1 Vrer | Reference voltage output pin 7 IN-1 | Error amplifier 1 inverted input pin
2 RT | Pin for connecting oscillator 8 FB1 | Error amplifier 1 output pin
timing resistor 9 FB2 | Error amplifier 2 output pin
3 CT | Pin for connecting oscillator 10 IN-2 | Error amplifier 2 inverted input pin
timing capacitor 11 IN+2 | Error amplifier 2 noninverted input pin
4 DTC | Dead-time control pin 12 GND | Grounding pin
5 S.C.P. | Pin for connecting the time constant 13 Out | Output pin
setting capacitor for short-circuit 14 CB | Bootstrap output circuit
protection 15 Vee | Power supply voltage application pin
6 IN+1 | Error amplifier 1 noninverted input pin 16 Off | On/off control pin
B Absolute Maximum Ratings
Parameter Symbol Rating Unit
Supply voltage Vee 35 v
Off terminal application voltage Vors 35 v
Error amplifier input voltage Vi —0.3to Vggr v
DTC terminal application voltage Vpre — 0.3 to Vggr v
Out terminal application voltage Vout 35 v
CB terminal application voltage Ves 35 v
Out terminal constant output current Io +100 mA
Out terminal peak output current Toprak) +500 mA
Power dissipation * Pp 143 mW
Operating ambient temperature * Topr -30 to +85 °C
Storage temperature Ty —40 to +125 °C

Note) :*: Expect for the power dissipation, operating ambient temperature and storage temperature, all ratings are for T, = 25°C.

B Recommended Operating Range

Parameter Symbol Range Unit
Supply voltage (when using step-down circuit) Vee 3.6t017 v
Supply voltage (when using step-up circuit) Vee 3.6to 34 v
Oscillation frequency four 5 to 500 kHz
Oscillator timing resistance Ry 5.1t0 30 kQ
Oscillator timing capacitance Cr 100 to 10000 pF
Error amplifier input voltage Vin —-0.1t0+0.8 v
Reference voltage output current Ijgr -1to0 mA
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Panasonic

AN8041S

H Electrical Characteristics at Voo =12 V, Ry = 15 kQ, C1 =120 pF, T, =25°C

Parameter ‘ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Reference voltage block
Output voltage Virer | Irgp=-1 mA 2.483 2.57 2.647 v
Input regulation with input fluctuation | Line | Voc=3.6Vto34V — 7 25 mV
Load regulation Load | Iggp=-0.1 mA to -1 mA — 1 10 mV
Output voltage Vrc; | Ty =-30°C to +25°C — +1 — %
temperature characteristics 1
Output voltage Vricz | T,=25°Cto 85°C — +1 — %
temperature characteristics 2
Output short-circuit current Ios — -10 — mA
U.V.L.O. block
Circuit operation start voltage Vuon 2.8 3.1 34 \Y
Hysteresis width Viys 60 140 220 mV
Error amplifier block
Input offset voltage Vio -6 — 6 mV
Input bias current Iy =500 =25 — nA
Common-mode input voltage range Vicr -0.1 — 0.8 v
High-level output voltage 1 Vel Vrer—0.3|Vree-0.1]  — v
Low-level output voltage 1 VeL — 0.1 0.3 A%
Output sink current Isng | VE=09V — 8 — mA
Output source current Isource| Ve =09V — -110 — UA
Open-loop gain Ag — 70 — dB
Dead-time control circuit block
Input current Ipre | Ry=15kQ -14.8 | =123 | -9.8 HA
Low-level input threshold voltage Vpr.. | Duty =0% — 0.45 0.65 v
High-level input threshold voltage Vpr.u | Duty =100% 1.2 1.4 — v
Output block
Oscillation frequency four | Rr=15kQ, 180 200 220 kHz

Cr=120 pF

Output duty ratio Du Rprc =75 kQ 45 50 55 %
Low-level output voltage Vo | I[o=70mA — 1.0 1.3 v
High-level output voltage Vou | lo=-70 mA Veg—20Vep—1.0] — v
Frequency fqv four =200 kHz, — +3 — \Y
supply voltage characteristics Vec=3.6Vto34V
Frequency far four =200 kHz, — +9 — v
temperature characteristics 1 T, =-30°C to +25°C
Frequency fyro four =200 kHz, — 19 — v
temperature characteristics 2 T,=25°Cto 85°C
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AN8041S

Panasonic

B Electrical Characteristics at Voo =12 V, Ry =15 kQ, Cy =120 pF, T, = 25°C (continued)

Parameter ‘ Symbol ‘

Conditions ‘ Min ‘ Typ ‘ Max

‘ Unit

Bootstrap circuit block

Input standby voltage

‘ VINCB ‘ ICB =-70 mA

\vcc—l.z\vcc—1.0\\/@—0.8\ v

Oscillator block

RT terminal voltage ‘ Vit ‘ ‘ — ‘ 0.37 ‘ — ‘ v
Short-circuit protection block
Input threshold voltage Vraprc 0.70 0.75 0.80 v
Input standby voltage VsrBY — 30 120 mV
Input latch voltage Vin — 30 120 mV
Charge current Icng 276 | 2.3 -1.84 UA
Comparator threshold voltage VruL — 1.82 — v
On/off control block
Threshold voltage | Vi | o8 | — | 20 | v
Whole device
Total consumption current Icc — 3.9 5.0 mA
Standby current Iy — — 5 LA
B Terminal Equivalent Circuits
Pin No. Equivalent circuit Description I/0
1 Vee VRER: (0]
The reference voltage output terminal
(2.57 V (allowance: +3%)).
Incorporating short-circuit protection against
GND.
2 VREF RT: —
The terminal used for connecting a timing resis-
7 tor to set oscillator's frequency.
Use aresistance value within the range of 5.1 kQ
to 30 kQ.
100 @ DTC S.C.P. The terminal voltage is approx. 0.37 V.
RT (= 0.37V)
3 CT: —

VREF

-

To PWM input Lé é‘ Io

OSC
comp.

The terminal used for connecting a timing ca-
pacitor to set oscillator's frequency.

Use a capacitance value within the range of 100
pF to 10000 pF.

For frequency setting method, refer to the

* 2lp " Application Notes, [3] Function descriptions "
section. Use an oscillation frequency in the range
of 5 kHz to 500 kHz.
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Panasonic

AN8041S

B Terminal Equivalent Circuits (continued)

Pin No.

Equivalent circuit

Description

I/0

4

VREF

PWM
comparator

DTC:

The terminal for connecting a resistor and ca-
pacitor to set the dead-time and soft start period
of PWM output. Input current Iy is determined
by the timing resistor Ry, so that dispersion and
fluctuation with temperature are suppressed. It
is approx. —12.3 uA when Rt = 15 kQ.

I, =—Xx—=[A
pIe= R X5 [A]

Latch

S.CP.:

The terminal for connecting a capacitor to set the
time constant of soft start and timer latch short-
circuit protection circuit.

Use a capacitance value in the range of more than
1000 pF.

The charge current Icyg is determined by the
timing resistor Ry, so that dispersion and fluc-
tuation with temperature are suppressed. It is
approx. —1.3 HA when Ry = 15 kQ.

1 =—XxX—[A
CHG= TR X [A]

IN+1:

The noninverted input terminal of the error am-
plifier 1.

For common-mode input, use in the range of
-0.1Vto+0.8 V.

IN-1:

The inverted input terminal of the error ampli-
fier 1.

For common-mode input, use in the range of
-0.1Vto+0.8 V.

l Sink current

FB1:

The output terminal of the error amplifier 1.
Source current: approx. —120 pA

Sink current : approx. § mA

Correct the frequency characteristics of the gain
and the phase by connecting a resistor and a ca-

pacitor between this terminal and IN—1 terminal.

VREF

* Source current

* Sink current

FB2:

The output terminal of the error amplifier 2.
Source current: approx. —120 uA

Sink current : approx. 8§ mA

Correct the frequency characteristics of the gain
and the phase by connecting a resistor and a ca-

pacitor between this terminal and IN-2 terminal.
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AN8041S Panasonic

B Terminal Equivalent Circuits (continued)

Pin No. Equivalent circuit Description I/0

10 IN-2: 1
The inverted input terminal of the error ampli-
fier 2.
For common-mode input, use in the range of
-0.1Vto+0.8 V.

11 IN+2: 1
The noninverted input terminal of the error am-
plifier 2.
For common-mode input, use in the range of
-0.1Vto+0.8 V.

12 GND: —
Grounding terminal.

13 Out: o

Vee Totem pole type output terminal.

A constant output current of £100 mA and a peak
output current of 2500 mA can be obtained.

14 @ CB: o
Bootstrap output terminal.
When using step-down circuit, connect the ca-

@ pacitor for boost between this terminal and the
n-channel MOSFET source side of the switching
device.

When using step-up circuit, short circuit this
terminal with V¢ terminal.
15 Ve I
Power supply application terminal.
16 Off: 1
Internal On/off control terminal.
circuit High-level input: normal operation
Start/Stop (Vore > 2.0 V)
@ Low-level input: standby condition
13 kQ[]
(Vore<0.8V)
The total consumption current can be suppressed
to 10 HLA or less.
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Panasonic

AN8041S

B Application Notes
[1] Main characteristics

P,—T,

600 ‘

518 Glass epoxy board

500 (50 % 50 x 0.8t mm?) —
~ Rip(ja) = 263°C/W
E Pp =380 mW (25°C)
=400 N T T
c.? / Independent IC

360 . .
= without a heat sink
.2 Rupjoy = 278°C/W
g 300 N\ eoomweso
7
5 207 \/
5 200 N
z \
L 43 . N

SN
100 SN
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0
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O 185
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Internal reference voltage temperature characteristics
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Output duty ratio Du (%)
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\ N
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N\ N
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Output duty ratio temperature characteristics
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54
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48 //
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Ambient temperature T, (°C)

Output duty ratio— DTC terminal voltage
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o b\)
> 256 2
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3 L — ] 2 f
2 — 3
2 -
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: S /
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Ambient temperature T, (°C) DTC terminal voltage (V)
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AN8041S

Panasonic

B Application Notes (continued)
[2] Timing chart

1. PWM comparator operation waveform

Off terminal voltage

Supply voltage (V)

Internal reference voltage (Vgrgg)

Error amplifier 1 output (FB 1)
Error amplifier 2 output (FB 2)

N\

Power supply Triangular wave (CT)
on

7

S.C.P. terminal voltage

Out terminal waveform

-
—
|

DTC terminal voltage \

Soft start operation Maximum duty
2. Short-circuit protection operation waveform
Internal reference voltage
Error amplifier output (FB1)
Short-circuit protection comparator
threshold level
DTC terminal voltage //\ A A AILA ANVA A AJLA A A ALA

Error amplifier output (FB2)

Triangular wave (CT)

Out terminal waveform | | | | | | | || ||

VVVARY

S.C.P. terminal voltage

Short-circuit protection
comparator output

(pg

High

Low
3.6V

257V

1.82V

132V

0.44V

0.03V
High

Low

257V

1.82V

1.32V

044V

High

Low
0.75V

0.03V
High

Low
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Panasonic AN8041S

B Application Notes (continued)
[3] Function descriptions
1. Reference voltage block
This block is composed of the band gap circuit, and outputs the temperature-compensated 2.57 V reference
voltage to the Vggg terminal (pin 16). The reference voltage is stabilized when the supply voltage is 3.6 V or higher,
and used as the operating power supply for the IC inside. It is possible to take out a load current of up to —1 mA.

2. Triangular wave oscillation block (OSC)

The triangular wave which swings from the upper limit value Vogcy of approximately 1.32 V to the lowest limit
value Vggcr of approximately 0.44 V will be generated by connecting a timing capacitor Ct and a resistor Ry to
the Ct terminal (pin 2) and Rt terminal (pin 3) respectively. The oscillation frequency can be arbitrarily decided
by the value of timing capacitor Ct and resistor Rt connected externally. The oscillation frequency fogc is obtained
by the following calculations:

VCTH =132V typ
oo 1 B Iy
BT+t 2XCrx(Vern— Veur)
1.7% Vgt 1.7x0.37
O = =
RT RT VCTL =044V typ
Since VCTH - VCTL =0.88V, t th
1
therefore fogc = m [Hz] Charging Discharging
Example) When Cp = 100 [pF], Ry = 15 [kQ], T
fosc = 238 [kHz]. Figure 1. Triangular wave oscillation waveform

It is possible to use the circuit in the recommended operating range of 5 kHz to 500 kHz of the oscillation
frequency. In addition, when the oscillation frequency becomes high, overshoot and undershoot are generated due
to the operation delay of the triangular oscillation comparator. Care should be taken because the actual measure-
ment values deviate from the above calculation values.

In the case of this IC, the output source current of S.C.P. terminal and DTC terminal are set by the timing resistor
Ry externally attached to RT terminal. For this reason, the AN8041S can not be used as a slave IC when multiple
ICs are synchronously operating in parallel.

3. Error amplifier 1 block and error amplifier 2 block

DC-DC output voltage and a detected lamp current of back-light are amplified through the PNP transistor input
type error amplifier, and the amplified signal are inputted to PWM comparator.

Figure 2 shows the connection method of the error amplifier when the backlight inverter is controlled. Select
the connection of error amplifier 1 block or 2 block arbitrarily.

The common-mode input range is from — 0.1 V to +0.8 V. The voltage which is resistor-dividing of the reference
voltage is given to the noninverted input. Also, any desired gain setting and phase compensation can be obtained
by connecting the feedback resistor and capacitor from the error amplifier output terminals (pin 8 and pin 9) to the
inverted input terminals (pin 7 and pin 10).

The overshoot at operation start due to feedback delay can be suppressed by providing the large output source
current (110 pA) and the large output sink current (8 mA).

The output voltage V oyt and the detection voltage of the lamp current V; are given from the following

calculation:
Ry
Ving = VRer X m
Vour = Ving1 X R,
2
Ver =Vine X TR+ Vg

SDH00010CEB 9



AN8041S

Panasonic

B Application Notes (continued)
[3] Function descriptions (continued)

3. Error amplifier 1 block and error amplifier 2 block (continued)

oo »| DC-AC
Vour nverter
\%
REF [ o ‘i i k
RI= R3 é IN+1 9] M
§ 6 Error amp. 1 © E Error amp. 2 11} IN+2 Backlight P
IN-115 10f N2 NI,
D,
R2Z R4S = = Ve LoBP
Ry 5 é‘ Rypo ¢ ZR7
ST I - ©
Error amplifier 1 C C o T
NF1 NF2 Error amplifier 2
block block

DC-DC
converter

Backlight lamp

current detection

output voltage
detection

Figure 2. Connection method of the error amplifier 1 and 2

The control modes of backlight are described below:

1) Power-on mode
When the power supply is turned on, the DC-DC converter which is connected to the error amplifier 1 block
starts the control.
The output voltage V oyt which has been set by the equation in the previous page is reached, and the high
voltage of several kV is generated in the lamp through the DC-AC inverter, and the backlight is lighted up.
During this period, since the lamp current does not flow in the error amplifier 2 block, the error amplifier output
(FB2) becomes high-level, so that its control does not work.
2) Normal control mode

When the backlight is turned on, discharging starts and the current starts to flow in the resistor R7.

When the voltage V¢, rectified by diode D1, and capacitor C1 reaches the voltage set by resistors R5, R6,
and volume control Vg ; The control function is switched over from the error amplifier 1 block to the error
amplifier 2 block. The output voltage of the DC-DC converter Voyr decreases to a voltage lower than the set
voltage, and the lamp voltage is maintained at several hundred volts.
3) Light-regulation operation mode

For the light regulation of the backlight, the "voltage light-regulation" method is used, and the light is
regulated by the input voltage of the inverter. By adding volume Vj, to the inverted input terminal of error
amplifier 2 block to make the detection voltage V¢ variable, the input voltage of the inverter is regulated so
as to make the lamp current variable for light regulation.

Also, the addition of the volume to the noninverted input side of the error amplifier makes the light
regulation possible.

e Usage notes Error amp. 2 11| IN+2 )
p. —
When this IC is used to control the To reference voltage terminal
DC-DC converter, one of two error 10| IN-2
amplifiers is not used. Connection o [FB terminal — High-level
Vinez > VN

should be made so that the FB termi-
nal is fixed to high-level as shown in

FB terminal
open

Figure 3. Connection when the error amplifier 2 block is not used

figure 3.
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Panasonic AN8041S

Bl Application Note (continued)
[3] Function descriptions (continued)
4. Timer latch short-circuit protection circuit

When the short-circuit or overload of the power supply output continues for a certain period, this circuit
prevents the parts such as external main switch device, flywheel diode, the choke coil from destruction or deterioration.

The short-circuit protection circuit is shown in figure 4. The timer latch short-circuit protection circuit detects
the output level of the error amplifier 1 and 2 blocks. When either the DC-DC converter output voltage or the lamp
current detection voltage is stable, the output of that error amplifier is stabilized and the short-circuit protection
comparator also maintains balance.

When the load conditions are suddenly changed, and both of the outputs of the error amplifier 1 block and 2
block (FB1, FB2) become 1.82 V or higher, the short-circuit protection comparator outputs low-level and cut off
the transistor Q1, thereby the external capacitor Cg of the S.C.P. terminal (pin 5) starts charging with current Icyg
given by the following equation:

tpg
Vpe = Vsray + Icng X Cs [V]

tpg

0.75 V =0.03 V + leng X ¢
S

Cs =Icng X [F]

_PE_
0.72
Ichg is constant current which is determined by the timing resistor Ry of the oscillator. It becomes approximately
2.3 uA when Ry = 15 kQ.
Vet X 1
Ieng = Rex 11 [
When the external capacitor Cg is charged to approximately 0.75 V, the latch circuit is set to fix the totem pole
output terminal to low-level and sets the dead-time to 100%.

When the latch circuit is set, the S.C.P. terminal voltage is discharged to approximately 30 mV. However, once

the latch circuit is set, it is not reset unless the power supply is turned off.

¢ Erroramp. 1 ' >
IN+1 7—,—t/ len @% L VRer

Al

IN-1 S Ql—1>
Bl |8 S.C.P. comp. R Q| Output cut-off
Latch
o2 1 Error amp. 2 Q2
iNa ) LU e 7
FB2 |2
wv
sch Lo

Figure 4. Short-circuit protection circuit

5. Low input voltage malfunction prevention circuit (U.V.L.O.)

When the supply voltage is dropped under the transient condition such as power-on or operation stop, this
circuit protects the system from destruction or deterioration due to the malfunction of the control circuit.

This circuit detects the internal reference voltage which varies according to the supply voltage level. During
the period from the time when the supply voltage starts to rise and to the time when it reaches 3.1 V, it keeps the dead-
time of the Out terminal (pin 13) to 100% and maintains the DTC terminal (pin 4) and the S.C.P. terminal (pin 5) at
low-level. When the supply voltage falls, it holds the hysteresis width of 140 mV and operates at a voltage under
296 V.

SDHO00010CEB 11



AN8041S Panasonic

B Application Notes (continued)
[3] Function descriptions (continued)

6. Remote circuit

The IC control function can be turned on or off by the external control. When the voltage of Off terminal (pin
16) is set under approximately 0.8 V, the internal reference voltage falls to stop the IC control function, and decrease
the circuit current to a value under 5 uA, When the voltage of Off terminal is set at a value higher than approximately
2.0V, the internal reference voltage rises, and starts the control operation.

PWM comparator block

The PWM comparator controls the on-period of the output pulse according to the input voltage. While the
voltage of triangular wave of the CT terminal (pin 3) is lower than any one of the output of the error amplifier 1
and 2 block (pin 8 and pin 9) and the voltage of the DTC terminal (pin 4), it sets the Out terminal (pin 13) to high-
level so that the switching device (n-channel MOSFET) turns on .

The dead-time is set by regulating the DTC terminal voltage Vprc as shown in figure 5.

The DTC terminal is of a constant current output using the resistor R, so that the Vpyc is regulated by
connecting the external resistor Rppc between the DTC terminal and GND terminal.

At the oscillation frequency fogc of 200 kHz, the output duty ratio becomes 0% when Vprc = 0.44 V typical,
and 100% when Vprc = 1.32 V typical.

However, pay attention to the peak value Vcry and the trough value Verp of the triangular wave because their
overshoot and undershoot amount differ depending on the oscillation frequency.

CT waveform --- K ----- K """" Vern VREER
DTC waveform é

torr | ton

Out waveform @]

off | on | Off RDT§ 1

Figure 5. Setting the dead-time

The output duty ratio Du and the DTC terminal voltage V¢ are given in the following equation:

ton Vrr 1
Du = m x 100 [%] IDTC = R_T X 7 [A]
Vprc — V. \% =Iprec xR
_ DTC CTL % 100 [ % ] DTC DTC DTC
VCTH - VCTL RDTC 1
=VrrX =X 5 (Al
T

Example) When fogc =200 [kHz] (Rt = 15 kQ, Cr = 150 pF), Rppc =75 [kQ]
Vern = 1.32 [V], Ver, = 0.44 [ V], Vpre = 0.37 [V]
Therefore Iprc=12.3 [UA]
Vpre = 0.925 [V]
Du = 55.1 [%]

In addition, the operation delay of the PWM comparator, the deviation of the peak and trough triangular
oscillation value may cause the deviation of the actual measurements value from the theoretical value. So, regu-
lation on IC-mounted PCB should be required.

By adding the external resistor Rppc and capacitor Cprc , the soft start function can be installed, which
gradually broadens the on-period of the output pulse at the time of the power supply operation start. The soft start
operation prevents the overshoot of DC-DC comparator output.

12
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Panasonic AN8041S

H Application Notes (continued)
[3] Function descriptions (continued)
8. Output block, bootstrap circuit

In the case of the step-down type DC-DC converter control, the bootstrap circuit is required if n-channel
MOSFET is used as the switching device.

The bootstrap circuit is used for keeping the voltage between the gate and the source higher than the gate
threshold voltage of n-channel MOSFET by increasing the high-level of the Out terminal (pin 13) to a level higher
than V¢ when turning on the n-channel MOSFET. The output block including the external circuit and the bootstrap
circuit are shown in figure 6, and the operation waveform in figure 7.

M1 Vs

J'LLJ ! ™ — Vour
Vgs | SBD 7
CB

Ves

Figure 6. Output block and bootstrap circuit

Vesu
\ Vou
\ Turn-off
Vee | N\ Vee = Vpsony [V]
CB terminal waveform — Vee—0.7[V]
Turn-on —{
Out terminal waveform
VoL
ov \ v
M1 source-side waveform TYF
4 ) t3
M1 Off M1 On M1 Off

Figure 7. Bootstrap circuit operation waveform

The bootstrap circuit operation is described below.
1) N-channel MOSFET (M1) off time: t,
While the M1 is off, energy is being supplied from the Schottky barrier diode (SBD) to the choke coil, and
the M1 source side voltage Vy is fixed to —V§ . The capacitor for boost Cy is charged from the V¢ terminal
(pin 15) through the diode inside the IC (D1). The CB terminal voltage (pin 14) Vg is given by the following

equation:
VS = _VF
Veg=Vee—Vpi

Vg : forward voltage of SBD
Vp;: forward voltage of D1

Therefore, the charged voltage of boost Cg is given by the following equation:
Vep=Vs = Ve —Vpi+ Ve

SDH00010CEB 13



AN8041S Panasonic

B Application Notes (continued)
[3] Function descriptions (continued)
8. Output block, bootstrap circuit (continued)

2)

3)

N-channel MOSFET (M1) turn-on time: t,
When the PWM comparator output reverses, the Out terminal (pin 13) is switched over to high-level. The
Out terminal voltage Vg rises toward the CB terminal voltage.
Vo =Vcp — Vg (sat)
At that time, M1 voltage between the gate and source becomes:
Vgs=Vo+ Vg
When the Out terminal voltage Vg rises to the gate threshold voltage, the M1 is turned on. The M1 source-
side voltage after the turn-on rises to the value expressed in the following equation:
Vs =Vece — Vpson
Since the bootstrap capacitor Cg is connected between the M1 source-side and the CB terminal, the CB
terminal voltage is capacitance-coupled, and rises according to the M1 source-side voltage. It is expressed in
the following equation:
Vep=Vs+ Vee = Vpi + Vi
=2xVce = Vp1 + Vpson + Vr
N-channel MOSFET (M1) turn-off time: t;
The Out terminal voltage drops to the saturation voltage of the transistor Q1 and it is turned off.

The M1 source side voltage decreases to —Vg, and in the same way the CB terminal voltage is capacitance-
coupled, and drops to Vcc—Vp; volt, and returns to the condition described in a).

e Bootstrap circuit usage notes

)

2

3

Operating supply voltage range when the step-down circuit is used
When the step-down circuit is used for the DC-DC converter control : As described in the above, when
the n-channel MOSFET of the switching device turns on, the voltage of CB terminal (pin 14) rises to the voltage
about two times higher than the V¢ . Since the allowable applied voltage for the CB terminal is 35 V, use the
boost circuit at an operating supply voltage of 3.6 V or more.
Ve =2XVee = Vpi = Vpsony + VE< 35 [V]
35+ Vp; + Vpsony — VE

VCC < B

(V]
<17 [V]

Value setting for bootstrap capacitor

The bootstrap capacitor is capacitors-coupled with the n-channel MOSFET source-side at its turn-on time
to increase the CB terminal voltage over the V¢ . At this time, the bootstrap capacitor is discharged by the
n-channel MOSFET gate drive current. If the capacitance value of the bootstrap capacitor is set at too low
value, it causes the efficiency decrease due to increase in switching loss.

Therefore, set the capacitance at a sufficiently high value compared with the n-channel MOSFET gate
input capacitance.

CB >> Ciss

Study with the actual mounting board and set the optimum value.

CB terminal connection when the booster circuit is used

In the case of using the step-up type DC-DC converter control, the bootstrap circuit is not required since
the n-channel MOSFET source side is grounded. Therefore, use it by short-circuiting the CB terminal (pin
14) to the V¢ terminal (pin 15).

For that reason, the operating supply voltage range is 3.6 V to 34 V in the case of using the step-up circuit
type.

14
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Panasonic AN8041S
B Application Circuit Examples
e Inverter control for liquid crystal backlight
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AN8041S

Panasonic

B New Package Dimensions (Unit: mm)
* SOP016-P-0225E (Lead-free package)
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Request for your special attention and precautions in using the technical information
and semiconductors described in this material

(1) An export permit needs to be obtained from the competent authorities of the Japanese Government
if any of the products or technologies described in this material and controlled under the "Foreign
Exchange and Foreign Trade Law" is to be exported or taken out of Japan.

(2) The technical information described in this material is limited to showing representative characteris-
tics and applied circuits examples of the products. It neither warrants non-infringement of intellec-
tual property right or any other rights owned by our company or a third party, nor grants any license.

(3) We are not liable for the infringement of rights owned by a third party arising out of the use of the
product or technologies as described in this material.

(4) The products described in this material are intended to be used for standard applications or general
electronic equipment (such as office equipment, communications equipment, measuring instru-
ments and household appliances).

Consult our sales staff in advance for information on the following applications:

e Special applications (such as for airplanes, aerospace, automobiles, traffic control equipment,
combustion equipment, life support systems and safety devices) in which exceptional quality and
reliability are required, or if the failure or malfunction of the products may directly jeopardize life or
harm the human body.

o Any applications other than the standard applications intended.

(5) The products and product specifications described in this material are subject to change without
notice for modification and/or improvement. At the final stage of your design, purchasing, or use of
the products, therefore, ask for the most up-to-date Product Standards in advance to make sure that
the latest specifications satisfy your requirements.

(6) When designing your equipment, comply with the guaranteed values, in particular those of maxi-

mum rating, the range of operating power supply voltage, and heat radiation characteristics. Other-
wise, we will not be liable for any defect which may arise later in your equipment.
Even when the products are used within the guaranteed values, take into the consideration of
incidence of break down and failure mode, possible to occur to semiconductor products. Measures
on the systems such as redundant design, arresting the spread of fire or preventing glitch are
recommended in order to prevent physical injury, fire, social damages, for example, by using the
products.

(7) When using products for which damp-proof packing is required, observe the conditions (including
shelf life and amount of time let standing of unsealed items) agreed upon when specification sheets
are individually exchanged.

(8) This material may be not reprinted or reproduced whether wholly or partially, without the prior written
permission of Matsushita Electric Industrial Co., Ltd.
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