Voltage Regulators Panasonic

AN8049FHN

1.8-volt 3-channel step-up, step-down, and polarity inverting
DC-DC converter control IC

Unit: mm
m Overview

The AN8B049FHN is a three-channel PWM DC-DC
converter control IC that features low-voltage operation.
This IC can form a power supply that provides two step-
up outputs and one step-down or polarity inverted output
with a minimal number of external components. Minimal
operating supply voltage of this IC is as low as 1.8 V, so
that it can operate from 2 dry-batteries.

And also, it is housed in an ultrathin, 4-directional-
lead SMD-package whose thickness is 0.8 mm maximum
and pin-pitch is 0.5 mm therefore it is most suitable for i
making a power supply small and thin. Seating plane
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m Features
» Wide operating supply voltage range: 1.8 V to 14 V QFNO024-P-0405

« High-precision reference voltage circuit
— Vger pin voltagex1%
— Error amplifier:+1.5%
« Ultrathin surface mounting package for miniaturized and thinner power supplies
Package: QFN-24
0.5-mm lead pitch
54 mmx 4.4 mmxt0.8 mm
» Supports control over a wide output frequency range: 20 kHz to 1 MHz
» On/off (sequence control) pins provided for each channel for easy sequence control setup
» The negative supply error amplifier supports 0-volt input.
Common-mode input voltage range0.1 V to Vi, c 1.4 V
This allows the number of external components to be reduced by two resistors.
« Fixed duty factor: 86%
However, the duty can be adjusted to anywhere from 0% to 100% with an external resistor.
 Timer latch short-circuit protection circuit (charge current: iAltypical)
« Low input voltage malfunction prevention circuit (U.V.L.O.)
(operation start voltage: 1.67 V typical)
« Standby function (active-high control input, standby mode currgm& thaximum)

m Applications
« Electronic equipment that requires a power supply system
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AN8049FHN

Voltage Regulators

m Block Diagram
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m Pin Descriptions
Pin No. Description Pin No. Description
1 DT2 13 QuUT3
2 DT1 14 Vee
3 CTL3 15 OoSsC
4 CTL2 16 IN+3
5 CTL1 17 IN-3
6 Off 18 FB3
7 VREF 19 IN_2
8 RB2 20 FB2
9 RB1 21 IN-1
10 OuUT1 22 FB1
11 ouT2 23 S.C.P.
12 GND 24 DT3
2 Panasonic
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Voltage Regulators AN8049FHN
m Absolute Maximum Ratings
Parameter Symbol Rating Unit
Supply voltage Yc 14.2 \%
Off pin allowable application voltage  J¢r 14.2 \%
Error amplifier input allowable X Vee \Y,
application voltagé?
OUT1 and OUT2 pin output sb(oum -50 mA
source current
OUT3 pin output current slour) +50 mA
Power dissipatioft Po 111 mw
Operating temperature odr —-30 to+85 °C
Storage temperature sty -55 to+150 °C
Note) =1: T, = 85°C. For the independent IC without a heat sink.
*2: When \&¢ is less than 6 V, ¥_; and Vjy., must be V.
m Recommended Operating Range
Parameter Symbol Range Unit
Off pin application voltage Yrr Oto 14 \%
OUT1 and OUT2 pin output source current so(buT) —-40 (min.) mA
OUT3 pin output current sloun 40 (max.) mA
Timing resistance R 31t0 33 kw
Timing capacitance £ 100 to 1 000 pF
Oscillator frequency dut 20 to 1 000 kHz
Short-circuit protection time-constant setting capacitance gcp C 1 000 (min.) pF
Output current setting resistance s R 750 to 15 000 Q
Panasonic 3
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AN8049FHN Voltage Regulators

m Electrical Characteristics at Vcc=2.4 V, Cregr = 0.1 uF, T, =25°C

Parameter ‘ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Reference voltage block
Reference voltage Bée | lIrer=— 0.1 mA 1.247 1.26 1.273 \%
Line regulation with input fluctuation Line | Vec=1.8Vto 14V g 2 20 mV
Load regulation Load| Reg=-0.1 mA to-1 mA -20 | -3 O mV
Vrertemperature characteristics| gpéqr | Ta= —30°C to+85°C a 1 g %
V rer Pin short-circuit current de d -10 | O mA
U.V.L.O. block
Circuit operation start voltage ‘ U¥N ‘ ‘ 1.59 ‘ 1.67‘ 1.75‘ \%
Error amplifier 1 block
Input threshold voltage 1 Vi1 1.241) 1.26| 1.279 V
Input bias current 1 gh ad 0.1 0.2 | pA
High-level output voltage 1 Mq 1.0 1.2 1.4 \Y,
Low-level output voltage 1 M1 d d 0.2
Output source current 1 sdEe)1 -38 | =31 | -24 HA
Output sink current 1 slesy 0.5 d O mA
V14 temperature characteristics 1 1Mr1 | Ta=—30°C to+85°C O 1.5 O %
Open-loop gain 1 ' ad 80 O dB
Error amplifier 2 block
Input threshold voltage 2 Yi2 1.241| 1.26| 1.279 V
Input bias current 2 b ad 0.1 0.2 | pA
High-level output voltage 2 Mp 1.0 1.2 1.4 \Y,
Low-level output voltage 2 Mo d d 0.2
Output source current 2 sde)2 -38 | =31 | -24 HA
Output sink current 2 sles)2 0.5 d O mA
V14 temperature characteristics 2 M2 | Ta=—-30°C to+85°C O 1.5 O %
Open-loop gain 2 o ad 80 O dB
Error amplifier 3 block
Input offset voltage Yo -6 d 6 mV
Common-mode input voltage range c¥ -01| O Vee \%

-1.4

Input bias current 3 b -06|-03| O HA
High-level output voltag 3 W3 1.0 1.2 1.4 \Y,
Low-level output voltage 3 M3 ad ad 0.2
Output source current 3 sdB)3 -38 | =31 | -24 HA
Output sink current 3 sles)s 0.5 d O mA
Open-loop gain 3 b ad 80 O dB
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Voltage Regulators

AN8049FHN

m Electrical Characteristics (continued) at Vcc=2.4 V, Cgregr = 0.1 uF, T, =25°C

Parameter ‘ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Oscillator block
Oscillator frequency dur | Rr=7.51kQ, C; =680 pF 170| 190, 210 kHz
Frequency supply voltage o R =7.5kQ, C; =680 pF ad 1 O %
characteristics
Frequency temperature ot R =7.5kQ, C; =680 pF ad 3 O %
characteristics
Output 1 block
Output duty factor 1 Du | Rr=7.5kQ, C; =680 pF 80 86 92 %
High-level output voltage 1 M1 | lo=-10mA, RR=1kQ Vee-1l O O \Y
Low-level output voltage 1 M1 | lo=10mA RR=1kQ ad O 0.2 \%
Output source current 1 sdoum| Vo=0.7V, R =1kQ =32 | =27 | -22 mA
Output sink current 1 slouni| Vo=0.7V, R =1kQ 40 O O mA
Pull-down resistor 1 B 20 30 40 K2
Output 2 block
Output duty factor 2 Dy | Rr=7.5KQ, C; =680 pF 80 86 92 %
High-level output voltage 2 M2 | lo=—10mA, RR=1kQ Vee—l O O \%
Low-level output voltage 2 Mo | lo=10mA RR=1kQ ad O 0.2 \Y
Output source current 2 sdounzl Vo=0.7V, R =1kQ =32 | 27 | -22 mA
Output sink current 2 slourz2| Vo=0.7V,RR=1kQ 40 O O mA
Pull-down resistor 2 B 20 30 40 K2
Output 3 block
Output duty factor 3 Dy | Rr=7.5kQ, C; =680 pF 80 86 92 %
Output saturation voltage Nsam) ad O 0.2 \%

Short-circuit protection circuit block

Input standby voltage Mey ad O 0.1 \%
Input threshold voltage Mpc 0.8 0.9 1.0 \Y,
Input latch voltage ¥ ad O 0.1 \Y
Charge current e | Vsep=0V -1.3| -1.0| -0.7| pA
Comparator threshold voltage W ad 126 | O \Y,
On/off control block

Input threshold voltage M(TH) 0.7 1.0 1.3 \%
Off pin current bree | Vorr=5V 35 O HA
CTL block

Input threshold voltage ML 1.07 | 1.26| 1.47 \%
Charge current dr | Ve =0V -1.3| -1.0| -0.7| pA
Whole device

Average consumption current cdorr | Re=9.1 K, duty=50% ad 4.2 5.5 mA
Standby mode current cd(se) ad PA
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AN8049FHN

Voltage Regulators

m Terminal Equivalent Circuit

Pin No.

Equivalent circuit

Description

110

1

DT2:

Sets the channel 2 soft start time.
Set the time by connecting a capaci
between this pin and ground.

Note that although the channel 2
maximum on duty is set internally tg
86%, the maximum on duty can be
to a value of 86% or less by insertin
a resistor between this pin and grou
and can be set to a value of 86% or
more by inserting a resistor betwee
this pin and the Wgg pin.

for

I

@@

50 kQ

PWM1
50 kQ

DT1:

Sets the channel 1 soft start time.
Set the time by connecting a capaci
between this pin and ground.

Note that although the channel 1
maximum on duty is set internally to
86%, the maximum on duty can be
to a value of 86% or less by insertin
a resistor between this pin and grou
and can be set to a value of 86% or
more by inserting a resistor betwee
this pin and the Wgg pin.

tor

I

High—
channel 3 operation
1.26 'V is turned off.

CTL3:

Controls the on/off state of channel 3.

A delay can be provided in the powe
supply turn-on start time by connecti
a capacitor between this pin and grou
torys = 1.26 (V)x Cers (MF)/L.L (@A) (s)
This pin can also be used to control

on/off state with an external signal.

r

ng
nd.

he

In that case, the allowable input voltage

range is from 0 V to ¥. Note that
during U.V.L.O. and timer latch
operation, this pin is connected to
ground through a 20k resistor.
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Voltage Regulators

AN8049FHN

m Terminal Equivalent Circuit (continued)

Pin No.

Equivalent circuit

Description

11O

4

High—
channel 2 operation
1.26V is turned off.

CTLZ2:
Controls the on/off state of channel 2.
A delay can be provided in the power
supply turn-on start time by connecting

a capacitor between this pin and ground.

toryz = 1.26 (V)* Cerip (MF)/L.1 (A)  (S)
This pin can also be used to control the

on/off state with an external signal.
In that case, the allowable input voltage
range is from 0 V to ¥.. Note that
during U.V.L.O. and timer latch
operation, this pin is connected to
ground through a 20¢k resistor.

High—
channel 1 operation

1.26 'V is turned off.
|

CTL1:
Controls the on/off state of channel [1.
A delay can be provided in the power
supply turn-on start time by connecting

a capacitor between this pin and ground.

tory1 =1.26 (V)x Cemg (MF)/1.1 @A) (s)
This pin can also be used to control the

on/off state with an external signal.
In that case, the allowable input voltage
range is from O V to ¥.. Note that
during U.V.L.O. and timer latch
operation, this pin is connected to
ground through a 20k resistor.

Start and stop of

internal circuits.
100 kQ

(]
777

Off:

Controls the on/off state.
When the input is high: normal
operation

(Vorr>1.2V)

When the input is low: standby mode
Vore< 0.6 V)

In standby mode, the total current
consumption is held to unden.

VReg
Outputs the internal reference voltage.

The reference voltage is 1.26 V

(allowance*1%) when \¢cis 2.4 V
and keeis —0.1 mA. Insert a capacitor
of at least 0.JuF between ¥grand
ground for phase compensation.
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AN8049FHN

Voltage Regulators

m Terminal Equivalent Circuit (continued)

Pin No.

Equivalent circuit

Description

110

8

RB2:

Connection for a resistor that sets th
channel 2 output source current.
Use a resistor in the range 76800
1.5 kKQ.

RB1:
Connection for a resistor that sets th
channel 1 output source current.
Use a resistor in the range 76800
1.5kQ.

10

OuUT1:

Push-pull output.

The absolute maximum rating for th
output source current 50 mA.
Connecting the external resistor to R
terminal allows this circuit to provide
an output source current with excelle

line regulation and minimal sample-t
sample variations.

14

11

\'_s»cy(oum
{ 30 kQ

ouT2:

Push-pull output.

The absolute maximum rating for th
output source current 50 mA.
Connecting the external resistor to R
terminal allows this circuit to provide
an output source current with excellg

line regulation and minimal sample-t
sample variations.

[4%

12

GND:
Ground.
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Voltage Regulators

AN8049FHN

m Terminal Equivalent Circuit (continued)

Pin No.

Equivalent circuit

Description

11O

13

Vee

OUT3:
Open-collector output.

The absolute maximum rating for th
output current i350 mA.

D

14

Vo
Power supply terminal.

Provide the operating supply voltage

in the range 1.8 Vto 14 V.

15

OSC:
Connection for the capacitor and
resistor that determine the oscillator|

frequency. Use a capacitor in the range

100 pF to 1 000 pF and a resistor in
the range 3R to 33 Q. Use an
oscillator frequency in the range

20 kHz to 1 MHz.

16

17

IN+3:

Noninverting input to the error
amplifier 3.

IN-3:
Inverting input to the error amplifier

w

18

FB3:

Output from the error amplifier 3.
This circuit can provide a source
current of-31 YA or a sink current of
0.5 mA (minimum).

19

IN-2:
Inverting input to the error amplifier

L
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AN8049FHN

Voltage Regulators

m Terminal Equivalent Circuit (continued)

Pin No.

Equivalent circuit

Description

110

20

FB2:

Output from the error amplifier 2.
This circuit can provide a source
current of-31 pA or a sink current of
0.5 mA (minimum).

21

IN-1:
Inverting input to the error amplifier

=

22

FB1:

Output from the error amplifier 1.
This circuit can provide a source
current of-31 YA or a sink current of
0.5 mA (minimum).

23

Output
shutoff

S.C.P.:

Connection for the capacitor that se
the timer latch short-circuit protectio
circuit time constant. Use a capacitg
with a value of 1 000 pF or higher.
The charge currenglg is 1.1pA
typical.

[s

= 35

24

DT3:

Sets the channel 3 soft start time.
Set the time by connecting a capacit
between this pin and ground. Note t
although the channel 3 maximum ond
is set internally to 86%, the maximu

or
hat
bty

m

on duty can be set to a value of 86% or
less by inserting a resistor between this

pin and ground, and can be setto a v

lue

of 86% or more by inserting a resistor

between this pin and thex¥: pin.

10
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Voltage Regulators AN8049FHN

m Usage Notes
[1] Allowable power dissipation
Since the power dissipation (P) in this IC increases proportionally with the supply voltage, applications must be
careful to operate so that the loss does not exceed the allowable power dissigat@rthE package.
Reference formula:

P = (MccVeegd X Isoum X Dug — Power dissipation in the channel 1 output stage
+(VeeVeeod X Isour)2* Du, — Power dissipation in the channel 2 output stage
+Vosamz X lours % DUg ~ Power dissipation in the channel 3 output stage
+Vee X e — Power dissipation betweentyand ground

<Pp
Vgeo1 : The voltage between the base and emitter of the npn transistor Q1

Isooumn1 : The OUTL pin output source current
(When Reg1is 1 KQ, IsoounWill be 38 mA, maximum.)
Du; : The output 1 duty factor
VBeQ2 : The voltage between the base and emitter of the npn transistor Q2
Isoour2 : The OUT2 pin output source current
(When Regzis 1 KQ, IsooumzWill be 38 mA, maximum.)

Du, : The output 2 duty factor

Voiansz - The OUTS3 pin saturation voltage (0.5 V maximum when OUTL is 40 mA.)
louTts : The OUT3 pin current (This will be { - Vgegs — Vosanad/Ros)

Dus : The output 3 duty factor

lcc : The V¢ pin current

[2] Allowable V¢ ripple

V¢ ripple due to the switching transistor being turned on and off can cause this IC's U.V.L.O. circuit, which is
biased by ¥, to operate incorrectly, and can cause the S.C.P. capacitor charging operation to fail to start when the
output is shorted.

The figure shows the allowable range feicVipple. Applications should reduce-¥ripple to be within this range,
either by inserting a ripple filter in thec¥ line or by inserting a capacitor between the IC GND agdpins and
locating that capacitor as close to the IC as possible.

Note that the allowable range shown here is the result of testing the IC alone and that the allowable range may
differ depending on the actual structure of the power supply circuit. Also note that this allowable range is a design
target, and is not guaranteed by testing of all samples.

Allowable V¢ ripple

oM T T T
i i i
I
— Allowable range|
E when V. is 3 V.
2 1M
j
)
=}
o
g
=
Q
o 100 k
2
@ —
—
Allowable range
when V. is 10 V.
10k . " . .
0 1 2 3 4 5 6 7 8

Vc ripple voltage \.(AC)  (V[p-p])
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AN8049FHN

Voltage Regulators

m Application Notes

[1] QFNO024-P-0405 package power dissipation

Power dissipation £ (W)

1.200

1.075

1.000

0.800

0.660
0.600

0.400

0.279

Po

o T,

When mounted on a 4-layer printe
circuit board (5850xt0.8 mn)
Rin(-a) = 93.0C/W

=%

When mounted on a standard
printed circuit board

(glass epoxy: 5¢60xt0.8 mn¥)
Rin(-a) = 151.5C/W

/

N

N\

\ \

0.200

Independent IC
without a heat sink

1/

\
™~ Y

0.000
0

Ring-a) = 357.4C/W DR TN
—'— S~ N
N
25 50 75 85 100 125

Ambient temperature T (°C)

12
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Voltage Regulators AN8049FHN

m Application Notes (continued)
[2] Main characteristics

fosc O Maximum output duty

Timing capacitancé@l Oscillator frequency (Rr = 3 kQ)
M 95
N\ N
AN N
\‘
A 90 \
N h P\i \ Duz 1
§ \ \\\ Rr=3kQ 3’) J
= 100k \\ ~ & 85 Duy , DY
2 ~ a N
[e] ™ N
o AN Ry = 7.5 KO- o
N >
N a
N 80
Rr=331Q
| 1] %
loiop 1n 10n 10k 100k Y
Cr (P fosc (H2)
foscd Maximum output duty foscd Maximum output duty
(Rr=75k) (Rr=33kQ)
95 95
A
\\ | bu,
\ PN
9 N 90 — Dus -
g \E\ g — Duy Vah \
E AN =3 \
o N [a] \
85 N Du 85 \
= A\Y Bt = \
&) \ &)
JH \ :.—4
A AN a N
80 N 80 \
N N
~N
N
75 75
10k 100k M 10k 100k M
fosc (Hz) fosc (Hz)
Re U IsoouT) Rg U Isioum
0 100
%y 90
-10 N
r/// / 80 \
-20 // // —————————%%——————————————m
- V=18V 7/ 70 LR
< -0 —H- = \ T
£ 2av ML/ 1/ T 60 \ \ Voo 14V
o - [0 -
3 R g % \
< L <}
2 5 8V // & 40
/ 30 \
-60
N
/ 20 \\\\\\ ovl!
-70 14V 10 AN
‘HH 1.8V,24V_I™N
80 0 L]
100 1k 10k 100k 100 1k 10k 100k
Ry (Q) Rs (Q)
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AN8049FHN Voltage Regulators

m Application Notes (continued)
[3] Timing charts

V¢ pin voltage
waveform

Output short

S.C.P. pin
voltage
waveform

,
i
i
Y
i
i
=
N
o
<

CTL pin
voltage 1.26V

waveform

T ] g

OUT1/2 pin voltage waveform — — — — — — —

Totem pole circuit
output (Step-up output)

OUT3 pin voltage waveform
Open-collector output
(Inverting or step-down output)
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Voltage Regulators AN8049FHN

m Application Notes (continued)
[4] Function descriptions
1. Reference voltage block
This circuit is composed of a band gap circuit, and outputs a 1.26 V (typical) reference voltage that is
temperature compensated to a precisiatil®b. This reference voltage is stabilized when the supply voltage is 1.8
V or higher. This reference voltage is used by error amplifiers 1 and 2.

2. Triangular wave generator

This circuit generates a triangular wave like a
sawtooth with a peak of 0.7 V and a trough of 0.2V~ ------K-----mmmmmmm g VoscH
using a capacitorfor the time constant) and resistor
Rt connected to the OSC pin (pin 15). The oscillator
frequency can be set to an arbitrary value by selecting
appropriate values for the external capacitor and resis-
tor, Gr and R. This IC can use an oscillator frequency H
in the range 20 kHz to 1 MHz. The triangular wave j t2
signal is provided to the noninverting input of the PWMapld chargé Discharge 5
comparator in each channel internally to the IC. Use -
the formulas below for rough calculation of the oscilla-

.
'
'
'
'

A
tor frequency. Figure 1. Triangular oscillator waveform

f ! 08x — - (Hz)
= - = (.o0X Z
osc x RT

V C
Cr xRy xIn oscL T

OSCH
Note, however, that the above formulas do not take the rapid charge time, overshoot, and undershoot into
account. See the experimentally determined graph of the oscillator frequency vs. timing capacitance value pro-
vided in the main characteristics section.

3. Error amplifier 1
This circuit is an npn-transistor input error amplifier EB1 °
that detects and amplifies the DC-DC converter output
voltage, and inputs that signal to a PWM comparatory -
The 1.26 V internal reference voltage is applied to the
noninverting input. Arbitrary gain and phase comperrR1
sation can be set up by inserting a resistor and capacitor

T Error
hampllfler 1

in series between the FB1 pin (pin 22) and thellNin — @ A[I’/ >

(pin 21). The output voltagedyt; can be set using the R2 'N_ls 106y TO the PWM

circuit shown in the figure. : comparator input
VOUTl = 126x@

2

Figure 2. Connection method of error amplifier 1

(Step-up output)

Panasonic 15
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AN8049FHN Voltage Regulators

m Application Notes (continued)
[4] Function descriptions (continued)

4. Error amplifier 2 FB2 :

This circuit is an npn-transistor input error
amplifier that detects and amplifies the DC-DC Vouts
converter output voltage, and inputs that signal to §
a PWM comparator. The 1.26 V internal reference R1
voltage is applied to the noninverting input. Arbi-
trary gain and phase compensation can be set up — >
by inserting a resistor and capacitor in series be- 'N_ZE 1.26V To the PWN
tween the FB2 pin (pin 20) and the-4Rlpin (pin R2 : 7;. ' comparator input
19). The output voltaged{r» can be set using the :
circuit shown in the figure.

Error
amplifier 2

Vouts = 1.26xP1tRe
Figure 3. Connection method of error amplifier 2 (Step-up output)

Error amplifier 3

This circuit is a pnp-transistor input error amplifier that detects and amplifies the DC-DC converter output
voltage and inputs that signal to a PWM comparator. Arbitrary gain and phase compensation can be set up by
inserting a resistor and capacitor in series between the FB3 pin (pin 18) and3ipmikpin 17). The output voltage
Vouts €an be set using the circuit shown in the figure.

Step-down output Inverting output
FB3 !
VRerVouTs VREF
R1 Ré T ! Error R1 T ! Error
IN+3 amplifier 3 iIN+3 amplifier 3
T (19
T |~ — > hr | — >
R=R IN-3 ¥ To the PWM R2 IN-3 To the PWM
E comparator input comparator input
R RR ”””””””””””” Vouts777 T
Vv -_"h2 3tR4 v =
OUTB=R YR TR, ~ 'REF Vouts= ~VRer* g,

Figure 4. Connection method of error amplifier 3

6. Timer latch short-circuit protection circuit

This circuit protects the external main switching elements, flywheel diodes, choke coils, and other components
against degradation or destruction if an excessive load or a short circuit of the power supply output continues for
longer than a certain fixed period.

The timer latch short-circuit protection circuit detects the output of the error amplifiers. If the DC-DC converter
output voltage drops and an FB pin (pins 18, 20, or 22) voltage exceeds 0.9 V, the S.C.P. comparator outputs a low
level and the timer circuit starts. This starts charging the external protection circuit delay time capacitor.

If the error amplifier output does not return to the normal voltage range before that capacitor reaches 1.26 V,
the latch circuit latches, the output drive transistors are turned off, and the dead-time is set to 100%.

16
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Voltage Regulators AN8049FHN

m Application Notes (continued)
[4] Function descriptions (continued)

7.

10.

11.

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

This circuit protects the system against degradation or destruction due to incorrect control operation when the
power supply voltage falls during power on or power off.

The low input voltage malfunction prevention circuit detects the internal reference voltage that changes with
the supply voltage level. While the supply voltage is rising, this circuit cuts off the output drive transistor until the
reference voltage reaches 1.67 V. It also sets the dead-time to 100% and at the same time holds the S.C.P. pin (pir
23) and the DT pins (pins 1, 2, and 24) at 0 V, and the OSC pin (pin 15) at about 1.2 V.

PWM comparators

The PWM comparators control the on-period of the output pulse according to their input voltage.

The output transistors are turned on during periods when the OSC pin (pin 15) triangular wave is lower than
both of the corresponding FB pin (pins 18, 20, or 22) and the corresponding DT pin (pins 1, 2, or 24).

The PWM 2 circuit turns the output transistor on during periods when OSC pin (pin 15) triangular wave is at
a higher level than both of the FB2 pin (pin 20) and the DT2 pin (pin 1).

The maximum duty is set to 86% internally, but it can be set to a value lower than 86% by inserting a resistor
between the corresponding DT pin and ground, and can be set to a value higher than 86% by inserting a resistor
between the corresponding DT pin and thgppin.

The IC's soft start function operates to gradually increase the width of the output pulse on-period during startup
if a capacitor is inserted between the DT pin and ground.

Output 1 and output 2 blocks

These output circuits have a totem pole structure. A constant-current source output with good line regulation
can be set up freely by connecting current setting resistors to the RB pins.

These circuits can provide a constant-current source output of up to 50 mA.

Output 3 block
This output circuit has an open collector structure.
An output current of up to 50 mA can be provided, and the output pin has a breakdown voltage of 15 V.

CTL block

The CTL block output circuit also has a totem pole structure. A constant-current source output with good line
regulation can be set up freely by connecting current setting resistors to the RB2 pin.

The CTL block can provide a constant-current source output of up to 50 mA.
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AN8049FHN Voltage Regulators

m Application Notes (continued)
[5] Time constant setup for the timer latch short-circuit protection circuit

Figure 6 shows the structure of the timer latch short-circuit protection circuit. The short-circuit protection
comparator continuously compares a 0.9 V reference voltage with the FB1, FB2, and FB3 error amplifier outputs.

When the DC-DC converter output load conditions are stable, the short-circuit protection comparator holds its
average value since there are no fluctuations in the error amplifier outputs. At this time, the output transistor Q1 will
be in the conducting state, and the S.C.P. pin will be held at 0 V.

If the output load conditions change rapidly and a high-level signal (0.9 V or higher) is input to the short-circuit
protection comparator from the error amplifier output, the short-circuit protection comparator will output a low level
and the output transistor Q1 will shut off. Then, the capaciégp @nnected to the S.C.P. pin will start to charge.
When the external capacitoggpis charged to about 1.26 V by the constant current of about 1.1 mA, the latch circuit
will latch and the dead-time will be set to 100% with the output held fixed at the low level. Once the latch circuit has
latched, the S.C.P. pin capacitor will be discharged to about 0 V, but the latch circuit will not reset unless either power
is turned off or the power supply is restarted using on/off control.

1.26 V= ICHG X
SCP

[Otpg (s)= 1.15% Cscp(UF)) Vscp(V)

At power supply startup, the output appears to be | Short-circuit detection timeg:
in the shorted state, and the IC starts to charge the
S.C.P. pin capacitor. Therefore, users must select an
external capacitor that allows the DC-DC converter
output voltage to rise before the latch circuit in the

later stage latches. In particular, care is required if the
soft start function is used, since that function makes
the startup time longer.

ts)

Figure 5. S.C.P. pin charging waveform

On/off control > VRer
Vee

é‘ U.VLO.

FB1 22 Latch
R o >
S.C.P. compQ1 ? S Output shutoff
FB2 High level detection comparato
7;;_ 1.26V

FB3 717_ 0.9V

77

™
N

i S.C.P.

Figure 6. Short-circuit protection circuit
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Voltage Regulators AN8049FHN

m Application Notes (continued)
[6] Parallel synchronous operation of multiple ICs

Multiple instances of this IC can be operated in parallel. If the OSC pins (pin 15) and Off pins (pin 6) are connected
to each other as shown in figure 7, the ICs will operate at the same frequency.

It is also possible to operate a one-channel control IC (e.g. the AN8016SH or AN8016NSH) and a two-channel
control IC (e.g. the AN8017SA or AN8018SA) in this parallel synchronous mode. In this case, short the OSC and Off
pins together.

Note that it is not possible to control the on/off states of each IC operating in this mode independently. It is only
possible to turn all the ICs on or off at the same time remotely.

1 g 0SC pins
L connected

— together
O O
) )
(@) (@)
/ 0 N\ / 0 N\
AN8049FHN AN8049FHN
S.C.P|2 S.C.P|2
— o| ~| / o| ~| /
= =
H ° £ £
>
L |

H

7;_ ;|7;_ Off pins 7;_

connected
together

Figure 7. Slave operation circuit example
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AN8049FHN Voltage Regulators

m Application Notes (continued)
[7] Sequential operation
Delays can be provided in the startup times by inserting capacitgrg (&tween the CTL pins and ground.
Delay time: v = 1.26 (V)x Cer (UF)/1.1 @A)  (S)
Note that the individual channels can also be turned on or off independently by external signals. These external
signals may have voltages in the range 0 Vg.V

CTL1 CTL2 CTL3

ANB8O049FHN

©| <| ol /

CerLs CerL1
b A A

Cerr1< Cera< Ceis

ouT2

0

Figure 8. Sequential operation
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Voltage Regulators

m Application Notes (continued)

[8] Differences between this IC and the AN8049SH

The pin arrangements differ. The AN8049SH is an alternative package version of this IC.

AN8049FHN
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~| o ] w] ©f ~|] S
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n_m_w_>
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110
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T1d
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AN8049FHN Voltage Regulators

m Application Notes (continued)
[9] Error amplifier frequency characteristics
1. Error amplifiers 1 and 2

(Test circuit) 100 1O 20

30

10

Gain (dB)

-10

-20

180 T~

135

90

Phase(°)
II

45 \

-45
1k 10k 100k M 10M

Frequency (Hz)

2. Error amplifier 3

(Test circuit)

40

100M

30

N
20 N

10

Gain (dB)

Phase(°)

-180

—
|~
//

-225

1k 10k 100k M oM
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Voltage Regulators

m Application Circuit Example
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