Voltage Regulators Panasonic

AN8014S

Step-down, step-up, or inverting DC-DC converter control IC

H Overview
The AN8014S is a single-channel PWM DC-DC
converter control IC. n 10.120.3 5
This IC can provide any one output type from HHHHEHHHBH
among step-down, step-up and inverting output.
Allowing n-channel power MOSFET direct driv-
ing, the AN8014S is ideal for high-efficiency power O
supplies.

Unit: mm

B Features

e Wide operating supply voltage range (3.6 V to 34 V)
(The voltage is limited within a range between 3.6 u:ujjj_‘ 7777777

Vand 17 V if it is connected to a step-down volt- 04 0404095
age CerUIt') Seating plane

e Totem pole output circuit: output peak current (&1/A)
e On-chip pulse-by-pulse overcurrent detection and SOP016-P-0225A
protection circuit
Threshold voltage V¢ — 0:095, Vitypical
e On-chip bootstrap circuit (allowing n-channel
MOSFET direct driving.)
¢ On-chip under-voltage lock-out eircuit (U.V.L.O.)
e On-chip on/off function (active-high'control inputystandby current of maximum 5-1A)
¢ On-chip timer latch short-circuit protection €ircuit
e Maximum oscillatorfrequency (500 kHz)

0.1+0.1

Seating-plane

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

B Applications
e DC-DC switching power supply
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AN8014S Panasonic
W Pin Descriptions
Pin No. Description Pin No. Description
1 Internal reference output 9 Not connected
2 Oscillator timing resistor connection 10 Overcurrent protection input
3 Oscillator timing capacitor connection 11 Signal ground
4 Dead-time control 12 Output stage ground
5 Capacitance connection for short-circuit 13 Totem pole type output
protection delay 14 Bootstrap eutput
6 Error amplifier noninverting input 15 Supply voltage
7 Error amplifier inverting input 16 On/off control
8 Error amplifier output
B Absolute Maximum Ratings
Parameter Symbol Rating Unit
Supply voltage Vee 35 V.
Supply current Icc — mA
Power dissipation *? Pp 143 mW
Operating ambient temperature - Topr ~30'to +85 °C
Storage temperature *! Ty —40 to +125 °C
On/off pin allowable application voltage | Von/oFr Vee A%
Error amplifier allowable input voltage Vi —073't0 Vrer \Y
DTC pin allowable application voltage Vbtc ~0.3 to/VRer v
Out pin allowable‘application voltage Vour 35 \Y%
Out pin'constant output current Io +100 mA
Outpin peak output current o (Peak) +1000 mA
CB pin allowable@application,voltage Vg 35 \Y%
CB pin constant output curtent Ieg —-100, 150 mA
CB pin peak output current Iopp —500, 1000 mA
CLM pin allowable application voltage Veim Vee A%
Note) 1. *1: Except for the operating ambient.temperature and storage temperature, all ratings are for T, = 25°C.
#2: At T, = 85°C
2. Do not apply external currents or voltages to any pins not specifically mentioned.
For circuit currents, '+' denotes current flowing into the IC, and '-' denotes current flowing out of the IC.
B Recommended Operating Range
Parameter Symbol Range Unit
Supply voltage Vee Step-up circuit system 3.6t034 A%

Step-down circuit system

3.6t017
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Panasonic AN8014S
M Electrical Characteristics at V=12V, T, =25°C
Parameter Symbol Conditions Min | Typ | Max | Unit

Reference voltage block

Output voltage Vrer | IrRgp=—1 mA 2.522 | 2.6 |2.678 \'%

Line regulation with input fluctuation | Line Vee=36Vto34V — 16 25 mV

Load regulation Load | Ixgp=-0.1 mA to -1 mA — 1 10 mV

U.V.L.O. block

Circuit operation start voltage Vuon — 2.8 3.1 34 \"

Hysteresis width Viys — 60 140 | 180 | mV

Error amplifier block

Input offset voltage Vio — -6 — 6 mV

Input bias current Iz E— <500 | =25 F— nA

Common-mode input voltage range| Vicr — 01| — 0.8 \Y

High-level output voltage VEn — Vrer | VRep | = v
-03 | -0.1

Low-level output voltage \%59 — — 0.1 0.3 A%

Dead-time control circuit block

Input current Ipfe — -156:8| -1312)| —-10.6 | pA

Low-level input threshold voltage Vpri| Duty 0% — N0.45 | 0.65 A%

High-level input threshold‘voltage, | Vpry | Dutgy100% 1.2 1.4 — v

Output block

Oscillator frequeney. four Cr =120 pF, Rt =15 kQ 196 | 218 | 240 | kHz

Outputduty Du Rppe= 75 kQ 47 52 57 %

Low-level output voltage Vor Io =70 mA — 1.0 1.3 \Y

High-level output voltage Vou Ip =-70.mA Ves | Ves — v
-2.0 | -1.0

Bootstrap circulit block

Input standby voltage Vines & Icg =70 mA Vee | Vee | Vee v
-12 | -1.0 | -0.8

Short-circuit protection circuit block

Input threshold voltage Vipe — 0.70 | 0.75 | 0.80 v

Input standby voltage Vsrey — — 30 120 mV

Input latch voltage Vin — — 30 120 mV

Charge current Icng — -2.76 | -2.30 | -1.84 | pA

On/off control block

Threshold voltage ‘ Vriu — ‘ 0.8 ‘ — ‘ 2.0 ‘ \"

Overcurrent protection block

Threshold voltage VoM — Vee | Vee | Vee \"

—0.115-0.095- 0.075
SDH00004CEB 3
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AN8014S Panasonic

B Electrical Characteristics at Voc=12 V, T, =25°C (continued)

Parameter Symbol Conditions Min | Typ | Max | Unit
Whole device
Total consumption current Icc — — 5.0 7.0 mA
Standby current Ices) — — — 5 LA

¢ Design reference data

Note) The characteristics listed below are theoretical values based on the IC design and‘are notiguaranteed.

Parameter Symbol Conditions Limit Unit

Reference voltage block

Output voltage temperature Vel T, =-30°C to +25°C +1 %
characteristics 1

Output voltage temperature Vricr | Ta=25°C to 85°C +1 %
characteristics 2

Output short-circuit current Ios — —40 mA

Error amplifier block

Output sink current Ising (Ve =09V 8 mA
Output source current Isource [ Vs =09 ¥V —110 UA
Open-loop gain Ag — 70 dB
Output block

Frequency supply.voltage fov four =200 kHz, 3 %

characteristics Vee=36Vto34V

Frequency temperature Tt fout = 200 kHz, 19 %

characteristicg | T, =+30°C to +25¢C

Frequency temperature faro fout = 200 kHgz, 19 %

characteristics\2 T, =25°C.to 85°C

Oscillator block

RT pin voltage ‘ Vit ‘ — 0.4 A%

Short-circuit protection circuit block

Comparator threshold voltage VouL — 1.87 v

Overcurrent protection circuit blogk

Delay time ‘ By ‘ — 200 ns

4 SDHO00004CEB
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Panasonic

AN8014S

B Terminal Equivalent Circuits

Pin No.

/0

Equivalent circuit

Description

1

(0]

Vee

VRer:
Outputs the reference voltage

2.6 V (allowance: 3%)
Incorporating short-circuit protection

against ground.

DTC S.CP.

100 Q
RI(= 0.4V)

RT:

Connection for the timing resistor which
decides the Oscillator frequency. Use a re-
sistor in the range 5.1 kQ to 30 kQ. The
pin voltage isapprox. 0.4 V.

VREFE

To PWM input

-

CT:

Connection-for the timing capacitor which
decides'the oscillator frequency. Use a ca-
pacitor'in the range 100 pF to 10000 pF.
For the oscillator frequency setting, refer
to the "Application Notes, [1] Function
descriptions” section. Use an oscillator fre-
quency in the range 5 kHz to 500 kHz.

VREF

PWM comparator
input

DTC 4> l Iptc

CDchg Rone

TIT

DTC:

Connection for a resistor and a capacitor

that set the dead-time and soft start period

of PWM output.

Input current Ipyc is decided by the timing

resistor Rt which controls sample to sample

variations and temperature variations.

It is approx. —13.2 HA when Rt =15 kQ.
Ver 1

Iprc =R7T X5 [A]

SDHO00004CEB
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AN8014S Panasonic

B Terminal Equivalent Circuits (continued)

PinNo.| I/0 Equivalent circuit Description

5 — S.CP.

Connection for the capacitor that sets the
soft start period and the timer latch short-

ICHGl circuit protection circuit time constant.

Use a capacitor with a value of 1 000 pF

J W or higher.
U.VL.O. | O[-_ 75V R The ¢harge current Iy is decided by the

output . : .
P 7%. timing résistor Rt which controls sample
1 to samplevariations and temperature varia-

tions.
(5)s.cp. Ibis-approx. —2.3 pA when Ry= 15 kQ.

Vrrd 1
I =—IxX—4A
CHG= "R 11[ ]

6 I IN+:

VREF Noninvertingiinput to the epror-amplifier.
* é l l Use the.common-mode ifiput in the range

-0.LVto+0.8 V.

7 I IN-:
Inverting-input to the error amplifier.

747_ Use the common“mode input in the range
" — 01V to40.8 V.

-

8 O EB:
Output from the error amplifier.

The source current is approx. —110 LA and
FB sink current is approx. 8 mA.

Correct the frequency characteristics of
* Sink curFent the gain and the phase by connecting a re-
sistor and a capacitor between this pin

and IN— pin.

9 — = N.C.: Not connected.

10 I v @ CLM:
O(I:CV CLM Detects the overcurrent state in switching

transistor.

Insert a resistor with a low resistance between
this pin and V¢ to detect overcurrent states.

r CLM When this pin falls to a level 95 mV or
comp. more lower than V¢ , the PWM output is

[ f—!>_ turned off for that period thus narrowing
50 uA ‘ 50 uA ‘ the width of the on-period.
(This implements a pulse-by-pulse

overcurrent protection technique.)

6 SDHO00004CEB
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Panasonic

AN8014S

B Terminal Equivalent Circuits (continued)

Pin No.

/0

Equivalent circuit

Description

11

() SGND

SGND: Signal ground.

12

GND: Output stage ground.

13

14

Out:

Totem pole output.

A'constant output current of £100 mA or a
peak output current of =1 A can be ob-

tained.

CB:

Bootstrap output.

Connect:a bootstrap capacitor(between
this pin and the n-channel MOSFET source-
side pin of the.switching-element when
using a step~down voltage circuit.
Short-circuit this pin‘and the V¢ pin when
using.a.step-up voltage circuit.

15

; :) GND
Vee
(1996EB
Out
Vee

Ve Power’supply.

16

@ l?sz <

13°kQ

OFF:

Controls the on/off state.

When the input is high: normal operation
(Vor>2.0V)

When the input is low: standby mode
(Vo< 0.8 V)

In standby mode, the total current consu-
mption is held to under 10 pA.

B Application Notes

[1]1 Function descriptions

1. Reference voltage block

This block is composed of the band gap circuit and outputs the temperature compensated reference voltage (2.6

V) to the Vggg pin (pin 1). The reference voltage is stabilized when the supply voltage is 3.6 V or more and used
as the operating power supply in IC. It is possible to take out a load current of up to —1 mA.

SDHO00004CEB
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AN8014S Panasonic

B Application Notes (continued)
[1] Function descriptions (continued)
2. The triangular wave generator block (OSC)
The triangular wave which swings from approximately 1.32 V (upper limit value, Vogcp) to approximately 0.44
V (lower limit value, Vgcr) Will be generated by connecting a timing capacitor Ct and a resistor Ry to the Ct pin
(pin 3) and Ry pin (pin 2) respectively. Oscillator frequency can be freely decided by the value of Cy and Ry
connected externally. The oscillator frequency fogc is obtained by the following formula;

1 IO 7777777777777777777777 Vet =132V (typ.)
fosc = = 5xC -
ti+1t X CrX (Ve — Venr)
Vrr 0.4
IO_ 17XR7T =1.7x% Ri"f
Because Verg— Ve, =0.88 V

: N VRS R — -4 Vem=0.44V (typ.)

|
|
fosc~ 5 59 % Cr x Ry Tl ©

[Hz]

T
| Charging Discharging

Example) An fogc of approximately 215 kHz will be T

obtained if Cr is 120 pF and Ry is 15 kQ.

Figure 1. Triangular oscillation wayeform

It is possible to use the circuit in the recommended operating range of 5 kHz to 500 kHz ofrthe oscillator
frequency. As the AN8014S is used at increasingly,higher frequen€ies; the amount of overshoot and undershoot
due to the operation delay in the triangular wave oscillator comparator increases, and dis¢repancies.between the
values calculated as described previously and the actual valies may. occur.

The output source curtents of the?/AN8014S's S.C.P.and DTC pins, are determined by thétiming resistor Ry
which is externally connected to the RT pin. Therefore, note,that this IC can notbeused.das.an IC for slave when
the several ICs are operated in parallel synchronouis mode.

3. Error amplifiex bloek

Detecting andamplifying DC-DC conyerter output,voltage, the error’amplifier with pnp transistor input inputs
the signal to.the PWM comparator.

Figure 2 shows the way to connéctthe error amplifier.

The common-mode input voltage range.is — 0.1 V to + 0:8.V, and a'voltage obtained by dividing the reference
voltage with built-in resistors is‘applied to the non-inverting input. Connecting the feedback resistor and the
capagitorbetween the error amplifieroutput pin (pin &) and the inverting input pin (pin 7) allows the arbitrary gain
setting and the phase.compensation.

Startup evershooting causedby feedback delays will be suppressed by setting the output source current and
output sink current toras high as 110 pA and 8 mA‘respectively.

The input voltage Vn, and Vin_ to'the erropamplifier are obtained from the following formulas.

R,

Vins = VRer X% R, +R,

L Vin- =Vour X
R;+Ry -

VREF
R3 Error PWM comparator

DTC
IN-|7
R1

s :
Rnp FB 7L R2
WA

Figure 2. Connection method of error amplifier

Vour
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Panasonic AN8014S

B Application Notes (continued)
[1] Function descriptions (continued)
4. Timer latch short-circuit protection circuit
This circuit protects external main switching devices, flywheel diodes, choke coils and so forth from breakdown
or deterioration when overload or short-circuit of power supply lasts a certain time.
Figure 3 shows the short-circuit protection circuit. The timer latch short-circuit protection circuit detects the
output level of the error amplifier.
If the output voltage of the DC-DC converter is stable, the output of the error amplifier from the FB pin is stable
and the short-circuit protection comparator is well balanced.
In that case, the transistor Q1 is conductive and the S.C.P. pin voltage(is approximately 30 mV constantly.
If the load condition changes radically and output signal voltage of'the‘error amplifier (FB) is 1.87 V or
higher, the short-circuit protection comparator outputs low-level veltage. Thenyby cutting offithe transistor Q1,
the external capacitor Cg of S.C.P. pin (pin 5) starts charging with the current Icyg which'is obtained from the
following formulas.

tpg
Vpe = Vstay + Icng X TS [V]

tpE

0.75V=0.03V+ ICHG X
Cs

Cs =Icng X % [F]
Ichg is constant current which is determined by the timing@esistor Ry
If Rris 15 kQ, Icyg will be approximately 2.3 pA.
Virr 1
Icng = Ry X101 [A]
When the external€apacitor Cgis‘charged up to approximately 0.75 V, the latch ¢itcuit will be turned on. Then
the totem-poléoutpit pin will be set to low leveland the dead-time will-be’set to 100%.
When the latch circuit is turned on, the' S.C.P. pimwill discharge.electricity till the voltage on the S.C.P. pin
reduces to approximately 30 mV. The latch circuit cannot be, however, resétwintil power supply to the AN8014S
is turned Off.

VREF
Ichg ‘
S.C.P. 0

Error amp: : [ S Q
6 rr P P Cut output off
IN+ 7 + R Q
IN- ~ Q1 1 Latch
8
FB
1.82-V Q2

1 Cs

i

Figure 3. Short-circuit protection circuit

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

This circuit protects system from breakdown or deterioration caused by malfunction in control circuit when
supply voltage is dropped during transient time at power on or off.

The low input voltage malfunction prevention circuit detects internal reference voltage which changes in
accordance with the supply voltage level. When the supply voltage is turned on, it sets the dead-time of Out pin
(pin 13) to 100% and keeps the DTC pin (pin 4) and S.C.P. pin (pin 5) low level until the supply voltage reaches
3.1 V. When the supply voltage falls, it will operate even below 2.96 V because of its hysteresis width of 140 mV.

SDHO00004CEB 9
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AN8014S

Panasonic

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

6. Remote circuit

It is possible to switch on or off the IC control by using an external control signal. When the OFF pin (pin 16)
voltage is lowered to below approximately 0.8 V, the internal reference voltage goes down thereby stopping the
IC control and reducing the circuit current to 5 WA or less. When the OFF pin voltage is increased to approximately
2.0 V or more, the internal reference voltage rises thereby starting the control operation.

PWM comparator block

The PWM comparator controls the on-period of output pulse in accordanée with the input voltage. While the
triangular wave voltage on the CT pin (pin 3) is lower than both the error amplifier'sfoutput voltage on pin 8 and
the voltage on the DTC pin (pin 4), the output on the Out pin (pin 13).will,be et to high level, Then the switching
element (n-channel MOSFET) will be turned on.

The dead-time is set by adjusting the voltage Vprc on the DTC pin (pin 5) as shown/in figure 4.

The DTC pin has constant current output determined(by the resistor Ry . Therefore\Vprc is adjusted by
connecting the DTC and GND pins through the externalwesistor Ryre. .

When the oscillator frequency fogc is 200 kHz, thetoutput duty cycle will be 0% at‘Vpr¢ of 0.44 V typical and
100% at Vprc of 1.32 V typical.

The levels of overshooting and undershooting of the peak value Vg and'the trough value Vg, of the
triangular wave vary with the oscillator frequency.

CT waveform /\ Z\“ ---- Ve VRer
DTC Viptc
waveform / I\/ \ o1 l PWM
: ! : | - - Ve ] %g
dorr, | oy l
— - I
) ¢ " L DTC
Out waveform Off On Off Repre Cpre
A s

Figuré 4. Setting the-dead-time

Output duty ratio Du and DTC pin voltage Vpe are expressed by the following formulas;

ton Vore — Vemrx 1.1
=~ — X100 [%]=
ton — torr A7 (Veru- Nem) X1

v 1
Iorés & X 5 1Al

Du x 100 [%]

B B Rpre o\
Vore = Inge® Rpre = Vrpx-p 250x 5 [V
T
Example) When fogc = 215 [kHz] (Rt = 15 kQ, C = 120 pF) and Rppc =75 [kQ]
Vern is approximately 1.32 V, Vpy is approximately 0.44 V, and Vgt is approximately 0.4 V.
Therefore, the following are obtained.
Iprc = 13.3 [UA]
VDTC = 099 [V]
Du = 52.3 [%]

There may be an operational delay of the PWM comparator and a difference in peak and trough values of the
triangular wave oscillation. Discrepancies between the values obtained from the above formulas and the actual
values may occur, in which case adjust the values on the mounting substrate.

In starting, if the capacitor Cprc is added in parallel to the external resistor Rprc , and the output pulse width
are gradually widened, the AN8014S will be in soft-start operation. Thus the overshoot at the output of DC-DC
converters can be prevented.

10
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Panasonic AN8014S

B Application Notes (continued)
[1] Function descriptions (continued)
8. Overcurrent protection block
Utilizing that the overcurrent of power output is proportional to the current value which flows in the main switch
(power MOSFET), the block regulates the upper limit of the current flowing in the main switch, thus protects the
parts such as main switch device, a flywheel diode and a choke coil from the damage caused by the overcurrent.
The current detection are done by monitoring, at CLM pin (pin 10), the voltage drop in resistor which is placed
between the main switch device and V¢ pin.
When the main switch device (power MOSFET) is switched on and the veoltage of CLM pin reaches "V¢c —
95 mV", threshold level for overcurrent detection, the output drive transistor isccut off.so that no more current
flows in the main switch device. This control is repeated at each cycle. When overcurrentis detected once, the
transistor remains off during the same cycle, and is switched on in the next cycle:
Such an overcurrent detection method is called "Pulse-by-pulse overcurrent detectiont"”

(3) Output Off [ (5) Turned on in the next cycle J

132V
l Triangular wave (CT) ‘
l Error amplifier output (FB) 0:44V
High
’ Output waveform (Out) ‘
Low
Overcurrent protection input (CLM) Vee
X ' Vee =95 mV
(1) Overcurrent detection $| ‘« I : »\ F’ I *“! ‘« :
| | P
L I 1 - I
(et v 2
! I T
| | |
Latch eircuit set signal ] \F I : l— I : |_ I
T T
K !
M by
4 | ! |

T
|
I I
|
o I
= T Low
= I
I g I
[ I

Low

High
r Latch circuit reset signal —I l l £ I | ’_L

(4) Latch reset J

FigureS. Waveforms of the'pulse-by-pulse overcurrent protection operation

R2 and C1 shown in figure 6 constitute a low-pass
filter to eliminate noise due to parasitic capacitance when J_ C1 R2
the power MOSFET is turned on. T
. . . In o /\/\/\/ o Out
The cut-off frequency of the filter is obtained from A ¥
the following.
fo= 5o [Hel
2nCiR, | v-out cm |
Figure 6. CLM noise filter circuit
SDH00004CEB 11
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AN8014S Panasonic

W Application Notes (continued)
[1] Function descriptions (continued)
9. Bootstrap circuit of output block
If the n-channel MOSFET is used as a switching device for DC-DC converter control of step down method,
a bootstrap circuit is required.
Bootstrap circuit ensures that the gate-source voltage is gate threshold voltage or higher by going up the high
level of the Out pin (pin 13) than V¢ voltage when n-channel MOSFET turns on: Figure 7 shows the output of
bootstrap circuit including the external circuit. Figure 8 shows the operating waveform of the bootstrap circuit.

M1 V,
i . : o V-Out
v =)
e T=’ Vas
15 SBD 7
A i T AN
14| CB ?
PWM comparator ( I
CT N Ql =8 Ve
DT +
FCB — 1t 13 | Qut
Q2

Vee —Vpson [V

= r
CB pin waveform |r

i+ Vec—0.7[V]
|
I
:
I
Out pin waveform |! v
N —— e — vy

er sofirce side Waveform—l‘h ¢
1
1

! M1 Off

Figure 8.) Bootstrap circuit operating waveform

The following describes the operation of the bootstrap circuit.
1) N-channel MOSFET (M1) off time: t;

While the M1 is turned off, the choke coil is provided with energy from the Schottky barrier diode (SBD)
and the source-side voltage Vg of the M1 is fixed to —V . The bootstrap capacitor Cy is charged from the V¢
pin (pin 15) through the AN8014S's internal diode D1.

The voltage Vg on the CB pin (pin 14) is expressed by the following.

Vg=-Vg
Ve =Vee — Vi
Vg : Forward voltage of SBD
Vpi: Forward voltage of D1
Therefore, the charged voltage of bootstrap capacitor Cy is expressed by the following.
Veg — Vs =Vee— Vpr + VE

12 SDH00004CEB
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Panasonic AN8014S

B Application Notes (continued)
[1] Function descriptions (continued)
9. Bootstrap circuit of output block (continued)
2) N-channel MOSFET (M1) turn-on time: t,
When the PWM comparator output is inverted, the Out pin (pin 13) output changes into a high level. The
Out pin voltage Vg rises toward the CB pin voltage.
Vo =Vcp — Vcg(sat)
Then the voltage between the gate and source of the M1 is obtained from the following.
Vgs=Vo+ Vg

When the Out pin voltage V is the same as or higher than the gate thréshold voltage Vg , the M1 turns

on. Then the M1 source-side voltage rises up to the voltage expréssed by the following.
Vs=Vce— Vpson)

The bootstrap capacitor Cy is connected to the sourceside and,CB pin of the M1\ Therefore,the CB pin
voltage rises according to the M1 source-side voltage due to capacitor coupling.'V.cp is.expressed by the
following formula.

Veg=Vs+ Vee = Vpr + Vi
=2xVce = Vpi + Vpson) + Vi
3) N-channel MOSFET (M1) turn-off tine: t3

The Out pin voltage turns off after rising to the saturation yoltage of the AN8014S's internal transistor Q1.

The M1 source-side voltage drops,to =V . The CBpin voltage dropsto,V oc — Vp; orbelow daeto capacitive
coupling. Then the M1 will be in the state described in the,above. 1).

[2] Bootstrap circuit usage notes
1. Operating voltage rangefor step-down circuit
Just like what deseribed previously, if a step-down circuit is in DC-DC.converter-control, the CB pin (pin 14)
voltage will be approximately twice as hightas Vo when the n-channéel MOSFET; as a switching element is turned
on. The allowable voltage applied to the/CB pin 18 35 V. Therefore the operating supply voltage must be within a
range between 3.6,V and 17 V.
Vep=2 X Voo =V — Vpsfon + Ve< 351V]

35+ Vp +V =V
Veek DI ZDS(ON) E IVi<17[V]

2. Value setting of bootstrap €apacitor
The bootstrap capacitor rdises the CB pirivoltage to-V ¢ or higher due to capacitor coupling to the source side
of the n<channel MOSFET when the n-channel MOSFET is turned on. At that time bootstrap capacitor is dis-
charged by n-channel MOSFET gate-drive-cufrent. If the capacitance of the bootstrap capacitor is too low, an
increase in switchingdoss will result;, which'\will reduce the efficiency.
Therefore, the capacitance-must be targe enough in comparison with the gate input capacitance of the n-
channel MOSFET. Refer to-the following.
CB > Ciss
Determine the best value by testing on the printed circuit board for mounting.
3. CB pin connection for step-up circuit
If a step-up circuit is in DC-DC converter control, no bootstrap circuit is required because the source side of

the n-channel MOSFET is grounded. Therefore, short-circuit the CB pin (pin 14) and the V¢ pin (pin 15).
Thus, the operating supply voltage range in the step-up circuit method is between 3.6 V and 34 V.
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AN8014S Panasonic

B Application Notes (continued)
[3] Timing chart

! ¥
|

High
OFF pin voltage
o | Low
| ‘ 3.6V
i Supply voltage (V)
' ‘ PP ?/ g8 ec ‘ ‘ Error amplifier output (FB) ‘
| Internal‘reference voltage
| | | 26V

powersupply \| S g /N
turning on

Software start operation The maximum duty

Figute I, PWM comparatoroperation waveforni

Internal referencevoltage ‘

26V

1.87V

Short-cireuit protection comparator
(threshold level)

DTC pin voltage

‘ Error amplifieroutput (EB) 1

‘ Triangular wave (CT) %/A/ V

132V

044V

Out pin waveform

S.C.P. pin voltage

Short-circuit protection tpg
comparator output

Figure 2. Short-circuit protection operation waveform
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Panasonic AN8014S

B Application Notes (continued)
[3] Timing chart (continued)

( Turned on in the next cycle. )
| Triangular wave (CT) |—> P P / PN Py 132V
/

I I I I I I I I I I \
. o [ [ \/ I | 0.44 V
| Error amplifier output (FB) | - - , . o X
| I I .
o SRS L iHigh
; Rl DRRRE I I S
—_— L L L L L L : Low
I I I I I I I ]
[ ! ! ! v
| Overcurrent protection input (CLM) | : : : : 1 ree
| | 1 I :
1 1 |\ 1 1 ~
- -t b --8 - '——‘————————{———-:VCC—95mV

)
—>:| | tppy: Delay time :

I
' High

: Low

I
| Latch circuit reset signal | !
Low.

Figure 3. Waveforms of the pulse-by-pulse overcurrent protection operdtion

| Latch circuit set signal | Lo
I I
I I

[4] Pp— T, curves of SOP016-P-0225A

Pp—T,

600

518 Glass epoxyprinted

500 circuit/board

(50 < 50 mm x (0.8 mm)
Ryiw= 263°CAW

~ Py = 380 mWA25°C)
g
"Q 400 \
8360
g
= Independent IC
& 300 without a heat sink——
Z X \ Ry = 278°C/W
S| Pp =360 mW (25°C)
-
o
g 207
° N
A, (200 N \“

143 R

)
D
100 o
s
s
AR
XY
\““
0
0 25 50 75 85 100 125 150

Ambient temperature T, (°C)
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AN8014S Panasonic

B Application Notes (continued)
[5] Main characteristics

Internal reference voltage temperature characteristics Oscillator frequency temperature characteristics
2.63 225
S — 220
~ N
o / \ =)
= / =2
i 2.62 \\ 5 215
20 / <2 /
< / s /
210
15} g 7
o
3 =
Y g 205 4
= )/ 3 £
z S 200 /|
RS > v
2.60 195
50 25 0 25 50 75 100 125 ~50 25 0 5. &0 W5 100 125
Ambient temperature T, (°C) Ambient temperature T, (°C)
Output duty ratio— DTC pin voltage Outputiduty ratio temperature characteristics
100 56
55 ]
80 7/
S / S
Z o s
= / = 4
R 60 . b
g g
& g 53
2 2
=1 =
o 40 o
2 2 % S
=3 =
8 3 /
20
51
0 50
0.4 0.6 0.8 1.0 1.2 1.4 50 25 0 25 50 75 100 125
DI€pimyvoltage VeV, Ambient temperature T, (°C)
Oscillator frequency — Timing capacitance Output peak current — Cqy
10000 ——=— 0.6
Vee=12V
Royr=10Q
05 -
: 2 4
= 1000 NS /I
E LT Z o4
5 AN =
- Rr=5.1kQ = L~
Foy NUN o
g 100 B E o3
& ~ <
:‘-‘: Rr=15kQ N s /
8 \\\ =02
<:“ \\ N a /
S = =]
g W -~ 5
© 0.1
1 0
10 100 1000 10000 1000 5000 10000
Timing capacitance C; (pF) Value of output connection capacitor Cgyr (pF)
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Panasonic AN8014S
B Application Circuit Examples
1. DC-DC converter control (Example of step-down circuit)
0.1Q
In ° . NaaaW oOut
ooz | =T W% b v
> 100 uF 33Q 7T
Vi 0.1 uF f 0.039 uF .
9.1 kQ 75 kﬂg 1 000 pF 47 uF

120 pFT gﬁ kQ

& 0
= 5 3 f =200 kHz =0
- <t o o
Triangular
| Vger l wave OSC P 10
2.5V Constant ﬂl CLM
current source Latch
o L On/off R QS 7%'15 Vee
active-high 1 HAl llo HA Boot
strap In
— Q 14| CB I
U.V.L.O.
S Q PWM
comp. o
ut
LR 13
Latch Q
S.CP. . WA
1 6 N
7 | IN-

comp. o~

EB

PGND |12

3 SGND %_I jm

2. DC-DC convertercontroh(Example of step-up circuit)

L| —
=

(=
=

Triangular
| Vgere l wave OSC 10
2.5V Constant ﬂl CLM
current source Latch
OFF 16 On/off R Q S 7;7-15 Vee
active-high luAl llO uA
In
] Q
U.V.L.O. CB
N Q PWM
%| comp. out
LR  Out ) M_'
Latch Q
scr|s [ — N
J— 6 | IN+ §
A |
I e
S.C.P. Error amp. _L
- a comp. 7%- 00 §
a a £ TIT
Z Z
O @)
2] a8
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AN8014S Panasonic

B Application Circuit Examples (continued)
3. DC-DC converter control (Example of polarity-inverting circuit)

S Emci& :
"Iy 3 1:

—o Out

VREFR

O
H
@)

— <t (<o N
Triangular
| Veer l wave OSC Lo
2.5V Constant 4|_<<t}1 CLM
current source Latch
OFF 16 On/off R QS 7;7'15 Vee
active-high 1 HAl llo HA Boot
strap In
— R Q 14] CB
U.V.L.O.
S Q PWM
comp. A
L IR 1 13 Ou
Latch Q
scr|s - . - a =
1 . 6 | IN+
E I ;]5 _‘I 7 | IN-
7;' __|_ S.C.P. Error amp. _L Vi §
- 9 I__L comp. o
" AZ 2
a
2 N
195} [a® REF

B New Package Dimensions (Unitamm)
® SOP016-P-0225E (Lead-freepackage)

10.0920.20

5 B A\E 8% A

(1.05)

10
0.15'363

4.30:0.20
6.40+0.30

HEEEHBERH
1 8
(0.60) 1.27 040088 &
é

L 1 : l

\ e D\ e
Seating plane s Seating plane
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Request for your special attention and precautions in using the technical information and
semiconductors described in this book

(1)If any of the products or technical information described in this book is to be exported or provided to non-residents, the laws and
regulations of the exporting country, especially, those with regard to security export control, must be observed.

(2)(The technical information described in this book is intended only to show the main characteristics and application circuit examples
of the products, and no license is granted under any intellectual property right or other right owned by our company or any other
company. Therefore, no responsibility is assumed by our company as to the infringement upon any such right owned by any other
company which may arise as a result of the use of technical information described in this book.

(3)/The products described in this book are intended to be used for standard applications or general electronic equipment (such as office
equipment, communications equipment, measuring instruments and household appliances).

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

« 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 prod-
ucts may directly jeopardize life or harm the human body.

* Any applications other than the standard applications intended.

(4)(The products and product specifications described in this book are subject to change without notice for modification and/or im-
provement. 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.

(5)['When designing your equipment, comply with the range of absolute maximum rating and the guaranteed operating conditions
(operating power supply voltage and operating environment etc.). Especially, please be careful not to exceed the range of absolute
maximum rating on the transient state, such as power-on, power-off and mode-switching. Otherwise, we will not be liable for any
defect which may arise later in your equipment.

[1 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.

(6)Comply with the instructions for use in order to prevent breakdown and characteristics change due to external factors (ESD, EOS,
thermal stress and mechanical stress) at the time of handling, mounting or at customer's process. When using products for which
damp-proof packing is required, satisfy the conditions, such as shelf life and the elapsed time since first opening the packages.

(7)[This book 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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