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V,y = 4.5V to 24V, 6A
Charge & Dump Storage System with 1 CH Buck Converter

FEATURES
® Built in Buck & Boost converter, to charge and dump
the storage capacitor.
— User programmable charge and dump voltage
threshold.
— External soft start capacitor with inductor peak
current control for charging storage capacitor.
— Dumping Status indicator.
® 1-Channel high-speed response DC-DC step down
regulator circuit that employs hysteretic control system.
— Output Voltage Range : 0.75V to 5.5V
— Optimized frequency for efficiency :600 kHz
— Internal Soft Start for component reduction
— Power Good Indication for Output Over/Under
voltage
— Over/Under Voltage Detection (OVD/UVD)
— Over Current Protection (OCP)
— Short Circuit Protection (SCP)
® Built-in Under Voltage Lockout (UVLO) at typical 3.8V
® Thermal Shut Down (TSD)
® Plastic Quad Flat Non-leaded Package Heat Slug
Down (QFN Type)
(Size : 4 mm X 5 mm, 0.5 mm pitch)

DESCRIPTION

This IC provides the necessary charge and dump
function for backup power management. The storage
capacitor is charged through an internal Boost converter
with user programmable soft start period. After charging
is completed, the voltage is maintained through trickle
charge at very low frequency. This charging voltage
level is user-programmable.

When the input voltage of the system drops below the
user-programmable threshold, the energy from the
storage capacitor will be dumped through an internal
BUCK converter. A dumping status indicator is also
provided.

This IC also provide a wide input range, high efficiency
BUCK converter that can supply maximum 6A load
current.

APPLICATIONS
® SSDs (Solid State Drives)
® Servers

- Charge and Dump Operation
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Note:

The application circuit is an example. The operation of the
mass production set is not guaranteed. Sufficient evaluation
and verification is required in the design of the mass
production set. The Customer is fully responsible for the
incorporation of the above illustrated application circuit in the
design of the equipment.

Established :2014-04-30
Revised D HHHH-HH-HH

Page 1 of 35



Doc No.
Revision. 1

TA4-EA-06252

Panasonic NN30501A
CONTENTS
B FEATURES ... s e e 1
B DESCRIPTION ... e 1
B APPLICATIONS ... s s a e a e 1
B TYPICAL APPLICATION ...t 1
B TYPICAL CHARACTERISTICS ... 1
B CONTENTS ... e e 2
B ORDERING INFORMATION ... s s s ns s 3
B ABSOLUTE MAXIMUM RATINGS ... esnns 3
B POWER DISSIPATION RATING ... s sasssanas 3
B RECOMMENDED OPERATING CONDITIONS .......cccoiiiirinninnssssssnsssnesanens 4
B ELECTRICAL CHARACTERISTICS ... s sss s s ssssn s 5
B PIN FUNCTIONS ...t s s s s s s 14
B PIN CONFIGURATION ...t s s san s s s sann s nnns 14
B FUNCTIONAL BLOCK DIAGRAM ...t s s s s s s 16
0 ] 5 3N I T N 17
B TYPICAL CHARACTERISTICS CURVES ... s s 25
B APPLICATION INFORMATION ...ttt ssss s s s s sssms s ssssmn s 30
B PACKAGE INFORMATION .....ooiiieiiiies s ssssss s s s sssn s s sss s s s sans s sssnnn snnns 34
B IMPORTANT NOTICE ...t s s s s s 35
Page 2 of 35

Established :2014-04-30

Revised

L HERE-HA-HE



Doc No. TA4-EA-06252
Revision. 1

Panasonic NN30501A

ORDERING INFORMATION

Order Number Feature Package Packing Form
NN30501A-VB Maximum Output Current : 6A 32 pin HQFN Emboss taping

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit Note
Supply voltage PVin 30 \% *1
Operating free-air temperature Topr —40to+85 °C *2
Operating junction temperature T; —40to + 150 °C *2
Storage temperature Tetg —-55t0 + 150 °C *2
*1

VFBLCSTG’ VFB11 VOUT2v VFBZ’ VPROT -03to (VREG +0.3) \Y *

Input voltage range 3
VEN1’ VEN2’ VSS1’ VMODE! VSUPSEL -03106.0 \ 1
*1
VPGOODZ! VVDUMP_RDY’ VVDUMP -03to (VREG + 03) \% *3
Output voltage range Vester Vix 30 \Y *1
*1
Vixo —-03to(PV+0.3) \Y "
ESD HBM 2 kV —

Note: Do not apply external currents and voltages to any pin not specifically mentioned.
This product may sustain permanent damage if subjected to conditions higher than the above stated absolute maximum rating.
This rating is the maximum rating and device operating at this range is not guaranteed as it is higher than our stated
recommended operating range. When subjected under the absolute maximum rating for a long time, the reliability of the
product may be affected. Vy is voltage for PVIN. V|, = PV .
*1: The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
*2: Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for T, = 25 °C.
*3: (Vgeg + 0.3)V must not exceed 6V.
*4: (PV\y + 0.3)V must not exceed 30V.

POWER DISSIPATION RATING

PD PD
Package 9;.a 9c (T,=25°C) (T,=85°C) Note
32 pin Plastic Quad Flat Non-leaded 34.2°C /W 54°C/W 250 W 1.30 W *1
Package Heat Slug Down (QFN Type) 34.2 °C /W 5.4 °C /W 3.65W 1.90 W *2

Note: For the actual usage, please refer to the Pp-T, characteristics diagram in the package specification, follow the power supply
voltage, load and ambient temperature conditions to ensure that there is enough margin and the thermal design does not
exceed the allowable value.

*1: Glass Epoxy Substrate (4 Layers) [50 X 50 X 0.8 t (mm)]
*2: Glass Epoxy Substrate (4 Layers) [50 X 50 X 1.57 t (mm)] + Thermal vias

b CAUTION

A Although this IC has built-in ESD protection circuit, it may still sustain permanent damage if not handled properly.
‘@A Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the MOS gates.
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Parameter Pin Name Min Typ Max Unit | Note
Supply voltage range PV\ 4.5 12 24 Vv —
Veni -0.3 — 5.0 Vv *1
Venz -0.3 — 5.0 Vv *1
Input voltage range
Vyviope -0.3 — 5.0 \% *1
VsupseL -0.3 — Vgeg + 0.3 \% *1
Voump_roy -03 — Vree + 0.3 v 1
Voume -0.3 — Vgeg + 0.3 \% *1
Vecoob2 -0.3 — Vgeg + 0.3 \% *1
Output voltage range
Vesta -0.3 — 28 \% —
V x1 -0.3 — Vegrg + 0.6 \% —
V%2 -0.3 — Viy+0.3 \% *2
Note: Voltage values, unless otherwise specified, are with respect to GND.
GND is voltage for AGND, PGND. AGND = PGND
V \ is voltage for PVIN. V, = PV .
Do not apply external currents or voltages to any pin not specifically mentioned.
*1: must not exceed 6V.
*2: (V)y + 0.3)V must not exceed 24V.
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ELECTRICAL CHARACTERISTICS

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Parameter

Symbol

Condition

Limits

Min | Typ | Max

Unit |Note

Current Consumption (12V System)

Consumption current at active

IOPRZ

Vent = Venz = Vivope = 1.8V,

lour1 = lour2 = 0A,
R1grarg = 150kQ,
R2grgrs = 3.3kQ,
R1ggs = 32kQ,
R2pg¢ = 2kQ,

R1eg, = 15kQ,
R2pg, = 18kQ
DCDC No switching

— | 170 | 3.40

mA | —

Consumption current at standby

ISTBZ

Vent = Venz = 0V,
R1g1ees = 150kQ,
R241ges = 3.3kQ,
R1egq = 32kQ,
R2pg, = 2kQ,
R1gg, = 15kQ,
R2¢g, = 18kQ

— | 500 | 1000

MA | —
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.
*{2V System
DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Established : 2014-04-30

Revised

L HERE-HA-HE

. Limits .
Parameter Symbol Condition Min ’ Typ ‘ Max Unit [Note
Logic Pin Characteristics
EN1 pin Low-level input voltage Venie  |PViN =12V — — 0.3 \Y —
EN1 pin High-level input voltage Ventw | PViN =12V 1.5 — 5.0 \Y —
EN1 pin leak current leakent | PVin =12V, Vg =85V — 6.25 | 125 | pA | —
ENZ2 pin Low-level input voltage Venaor  |PViy =12V — — 0.3 V —
EN2 pin High-level input voltage Venow | PVin =12V 1.5 — 5.0 \Y —
ENZ2 pin leak current leakenz | PVin = 12V, Vgyo =5V — 6.25 | 125 | pA | —
MODE pin Low level input voltage VoL | PViN=12V — — 0.3 V —
MODE pin High level input voltage Vipy |PVy =12V 1.5 — 5.0 V —
MODE pin leak current leavo | PVin = 12V, Vyyope = 5V — 10.0 | 200 | pA | —
SUPSEL pin Low level input
voltage P P Veupsell | PV = 12V — | — o3| Vv |—
SUPSEL pin High level input
voltage pinHig P Veupsery | PV = 12V 15 | — | 50 | V | —
SUPSEL pin leak current leaksupseL | PVin = 12V, VgypseL = 5V — 6.25 | 125 | pA | —
VREG Characteristics

Output voltage Veee  |PViN=12V, lygeg =10mA | 530 | 550 | 5.70 \Y, —

PViny =12V, lyreg = T0MA

V =V Viy=12V
Line regulation VREGLINE EE\(;:;G (V;E:G éV')N A — | 200 | mv | —

lyreg = 10mMA

PV = 4.5V
D t volt % N 4.1 — — vV | —

rop out voltage REGDO ||~ 10mA
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Parameter Symbol Condition - Limits Unit [Note
Min ‘ Typ ‘ Max
VFB Characteristics
VFB1 comparator threshold Vegirn | PVin =12V 0.594 | 0.600 | 0606 | V | —
VFB1 pin leak current 1 leakr11 | PViN =12V, Vig = 0V -1 — 1 MA | —
VFB1 pin leak current 2 leakr12 | PVin =12V, Vg, = 6V -1 — 1 MA | —
VFB2 comparator threshold Vegorh | PViy =12V 0.594 | 0.600 | 0606 | V | —
VFB2 pin leak current 1 leakr21 | PVin = 12V, Vg, = 0V -1 — 1 MA | —
VFB2 pin leak current 2 leakrze | PViN =12V, Vgg, = 6V -1 — 1 MA | —
VFB_CSTG comparator threshold | Vegestaty | PVin = 12V 0.594 | 0.600 | 0606 | V | —
VFB_CSTG pin leak current 1 leakresta1 | PVin = 12V, Vg, = OV -1 — 1 MA | —
VFB_CSTG pin leak current 2 leakrcsTaz | PVin = 12V, Vg, = 6V -1 — 1 MA | —
Under Voltage Lockout (UVLO)
UVLO detection voltage Vivioper | PViy =5V to OV 3.6 3.8 4.0 \Y —
UVLO recover voltage Viviorst | PViy =0V to 5V 4.0 4.2 4.4 \Y —
S$81 Characteristics
SS1 Internal Resistance Rss nt | PVin =12V 2.5 5.0 75 | MQ | ™1
DCDC2 Soft Start Timing
Soft start time DCDC2 DD2gg Ztv':’“ 9 01(2\30“2 A% Ve, | T 0.8 — | ms | *1

*1: Typical Design Value
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

o, Limits .
Parameter Symbol Condition Min ‘ Typ ‘ Max Unit Note
DC-DC1 Characteristics (BOOST — 5V System)
Line regulation DD\ ne+ Y"“ =—4(5?n\{6\ to 5.5V — 025 | 0.75 | %/V | —
ouT1 —
Output ripple voltage DD1gpy 11 Ié’nglg ST&F — 30 — [g]_\é] *1
DC-DC1 Characteristics (BOOST — 12V System)
Line regulation DD\ nex |V'N1 =-1(?r:1/Ato 14v — 025 | 075 | %IV | —
OouT1 —
Output ripple voltage DD1gpy 11 Ié’gfllg ST&F — 60 — [;q_\é] *1
*1: Typical Design Value
Page 8 of 35
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Limits
Min ‘ Typ ‘ Max

Parameter Symbol Condition Unit |Note

DC-DC1 Characteristics (BUCK — 5V System)

. . \Y/ =7V to 15V
Line regulation DD1 CsTG — 025 | 075 | %/V | —
9 LINET |10 = 0.5A, Vours = 4.5V °

Load regulation DD1, 001 {?EST;G==11O2“\"/A\};’U?\=’ asy| — 35 | — | % | ™

lout1 = 10MA, mV

Output ripple voltage 1 DD1grpy 11 Vosra= 15V, Voyr = 45V | 30 — | Ipp] *1
Output ripple voltage 2 DD1gpy 21 {2‘;;:23?5\/ Voyr =45V | 30 — [21.\;] *1
Switching Frequency DCDC1 DD rrear loyrs = 3A — 330 — | kHz | *1

Vesre = 15V, Vourq = 4.5V

DC-DC1 Characteristics (BUCK — 12V System)

Line regulation DD1\ ne2 ?QU;1==1(?.\F:AtOVi1L,\T/1=1O.2V — 025 | 0.75 | %/V | —

Load regulation DD1, oap2 I\‘/)(L:’ST;G==120&A\;2U$1A;’ 102Vl — 3.5 — % | *1

lours = 10MA, mV

Output ripple voltage 1 DD1grpi12 Vosra = 28V, Voyr= 10.2V] 25 — | Ipp] *1
Output ripple voltage 2 DD1gpL22 I\(/)éJ;-:G==32A8V Vours= 10.2v] 25 — [21_\51 *1

. loyrs = 3A *
Switching Frequency DCDC1 DD1ereqq — 800 — kHz 1

Vesro = 28V, Vours= 10.2V

*1: Typical Design Value
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Limits
Min | Typ | Max

Parameter Symbol Condition Unit |Note

DC-DC2 Characteristics

. . PV, = 6V to 24V
DCDC2 Line regulation DD2 IN — 025 | 0.75 | %/V | —
9 LNET || = 0.5, Voyrp = 1.1V °

loute = 10mMA to 6A,

DCDC2 Load regulation DD2, 5ap1 PV =12V V =11V — 3.5 — % *1
IN~ » Vout2— -
DCDC2 Output ripple voltage 1 DD2gp1 'F?\L;E: :g{;‘@;wzz v | — |20 — [g‘_\é] *{
DCDC?2 Output ripple voltage 2 DD2gp 54 :S\L}Tj: 13;\/ Vourp= 1.1V — 20 — [gq_\é] *1
lout2 = 100mMA to 3A
DCDC2 Load transient response 1 DD2:rq4 | At=0.5A/ps, — 20 — mvV | *1

PV = 12V, Vourp = 1.1V
lourz = 3A to 100mA

DCDC2 Load transient response 2 | DD2.g,; |At=0.5A/ps, — 20 — mvV | *1
PVN=12V, Voure = 1.1V
Switching Frequency DCDC2 DD2¢geqq lourz = 3A — 600 — | kHz | *1

PVjy = 12V, Vourp = 1.1V

*1: Typical Design Value
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Parameter Symbol Condition Min L!rmy:s‘ Max Unit Note

DC-DC1 Output Power MOS On Resistance
,\Dﬂgggérgaii‘fstz%";’gr DD1Royy | PV =12V, Ves =50V | — | 20 | 40 | mQ | —
I?A%ggé#c(")’v,\lsrf;s?:r‘fg DD1Roy, | PV = 12V, Vg = 5.0V — | 20 | 40 |mQ | —
OGNS OB | 00y Vg Vors | = | 28| = |V

DC-DC2 Output Power MOS On Resistance
a%ggérgaii‘fsm’é’:r DD2Rgyny | PV = 12V, Vgs = 5.0V — | 20 | 40 |mQ | —
R et OO PasimiVess0y | — | m | 4 m
CCUNPUISB | ooy Vo, | = | 18| = |V

*1: Typical Design Value
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

Limits
Parameter Symbol Condition - Unit |Note
Min ‘ Typ ‘ Max
VDUMP
VDUMP Threshold PV. = 12V
or Dumping Thresho , . . . —
(Vg4 for Dumping Threshold Voowe vin | : 0.56 | 0.600 | 0.64 | V
setting) - Vpuwme : Low to High
PV =12V,
VDUMP ON Resistance RVpume N — 10 15 Q | —
VDUMP_RDY
PV =12V
VDUMP_RDY Threshold 1 v N , 82 9% 98 | o
(Ve cste Fatio for UVD release) rov1 | Vs cste ratio for C T
PV =12V,
VDUMP_RDY Threshold 2 y N , 72 80 88 | o
(Ves cse ratio for UVD detect) Rov2 | Vrs_ces fatio for "
- VDUMP_RDY High tO LOW
PV =12V
VDUMP_RDY ON Resistance RVroy+ N ’ — 10 15 Q | —
loump_roy = +20mMA
PGOOD2 Characteristics
PGOOD2 Threshold 1 PV =12V, .
(Vg ratio for UVD detect) Veauvo Vpsoon : High to Low ” 85 93 k| —
PGOOD2 Hysteresis 1 PV =12V, .
(Vg ratio for UVD release) AVeeuvo Vegoopz : Low to High 3.5 5.0 6.5 k| —
PGOOD2 Threshold 2 PV =12V, .
(Vg ratio for OVD detect) Vecovo Vpsoopz : High to Low 107 115 | 123 ho|—
PGOOD2 Hysteresis 2 PV =12V, .
(Vg ratio for OVD release) AVecovo Vpsoopz : Low to High 3.5 5.0 6.5 | —
PV =12V
PGOOD2 On Resistance RONpg N ’ — 10 15 o | —

lpgoopz = +20MA
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ELECTRICAL CHARACTERISTICS (Continued)

*5V System

DCDC1: Cqyyrq = 22uF x 4, Loy = 3.3uH, Viegrg Setting = 15V, PV = 5V, Vgurq Setting = 4.5V, SUPSEL = 0V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

*{2V System

DCDC1: Coyrq = 22uF x 4, Loyrq = 3.3pH, Vegrg Setting = 28V, PV = 12V, Vg Setting = 10.2V, SUPSEL = 5V
DCDC2: Cqyry = 22uF x 4, Loyre = 1.0uH, Vgour, Setting = 1.1V, Switching Frequency = 600kHz, MODE = 0V,
EN1=EN2=1.8V, T, = 25°C + 2°C unless otherwise noted.

i Limits .
Parameter Symbol Condition - Unit [Note
Min ‘ Typ ‘ Max
DCDC1 Boost mode Protection
VPROT OVP Detect VPRoyps | PV =12V — 1.16 — \% *1
VPROT OVP Release VPRaypy | PV = 12V — 1 — \% *1
VPROT OVP Hysteresis VPRonys | VPRovpic- VPRovp2 — 160 — mV | *1
DCDC1 Buck mode Protection
DC-DC1 Over Current *1
DD1 PV, =12V — — A
Protection Limit oce IN 8 *2
DCDC2 Protection
DC-DC2 Over Current *1
Protection Limit DD2oce | PVin =12V o 8 o A *2
DC-DC2 Short Circuit PV =12V, .
Protection Threshold DD2ysce Veg, = 0.6V to 0.0V 50 60 70 | —
Thermal Shutdown
Thermal Shut Down (TSD) _ o %
Threshold TSD PV =12V — 130 — C 1
Thermal Shut Down (TSD) _ o "
Hysteresis TSDuys |PV)y =12V — 30 — C 1

*1: Typical Design Value
*2: In addition to the built-in over current protection, ensure the IC operates normally within the safe operating region.
The IC power dissipation or thermal performance varies with the PCB size, layout and materials.
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PIN CONFIGURATION

32 31 30 29 28 27 26 25

VDUMP 17 ir |24 moDE
TOP VIEW VFB1 2[7 | AGHD 123 VFB2
VFB_CSTG 3[I3 \____________, ©7]22 VOUT2
AGND1 41 ~ ~ o121 AGND2
BST1 5/ 7 = ~4 N 120 BST2
X1 6t~ o~ L tedie Lxe
LX1 707 = ---:{ '5 18 Lx2
PGND1 8173 111 | |11 17 PGND2

9 10 11 12 13 14 15 16
S TS SIS

< SO
PIN FUNCTIONS
Pin No.| Pin name Type Description
1 VDUMP Output | VDUMP open drain output
2 VFB1 Input Comparator negative input pin for channel 1 BUCK Mode DC-DC
3 VFB_CSTG Input Comparator negative input pin for channel 1 BOOST Mode DC-DC
4 AGND1 Ground | Ground pin
5 BST1 Output | Supply input pin for high side FET gate driver for channel 1
6
7 LX1 Output | Power MOSFET output pin & for radiation of heat for channel 1
10
8
9 PGND1 Ground | Ground pin for Power MOSFET for channel 1
11 Input/ . . : :
12 CSTG Output Output pin during BOOST mode & Input pin during BUCK mode for channel 1
13 Power . -
14 PVIN supply Power supply pin for Power MOSFET & for radiation of heat for channel 2
16
17 PGND2 Ground | Ground pin for Power MOSFET for channel 2

Note: For the details on pin description, please refer to the OPERATION and APPLICATION INFORMATION section.
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PIN CONFIGURATION (Continued) N
S

Q %
N\ o S0
QAN O R
L EFLEL

32 31 30 29 28 27 26 25

VDUMP 1 [ ir L 124 MODE
TOP VIEW VFB1 2[7% | AGHD 123 VFB2
VFB_CSTG 3| % ___ . <722 VvOUT2
AGND1 4] -~ ~ 121 AGND2
BST1 5 7 3 H {20 BST2
LX1 6" — o - 119 LX2
LX1 707 ; e B '5 s Lx2
PGND1 8 . b | 17 PGND2
5 10 11 12 13 14 15 16
Q@éo'\ d:\oé\eoé\e‘?&%&eojoé&
PIN FUNCTIONS (continued)
Pin No.| Pin name Type Description
15
18 LX2 Output | Power MOSFET output pin & for radiation of heat for channel 2
19
20 BST2 Output | Supply input pin for high side FET gate driver for channel 2
21 AGND2 Ground | Ground pin
22 VOUT2 Input Output voltage sense pin for channel 2
23 VFB2 Input Comparator negative input pin for channel 2
24 MODE Input Control pin to change DCDC operation mode (Skip/FCCM)
25 PGOOD2 Output | Power good open drain pin for channel 2
26 VPROT Input Protection Pin for DCDC1 Boost Mode
27 SUPSEL Input 5V/12V system selector
28 VREG Output | Internal regulator
29 EN2 Input ON/OFF control pin for channel 2
30 EN1 Input ON/OFF control pin for channel 1
31 SS1 Input Soft start pin for channel 1 DC-DC
32 VDUMP_RDY | Output |VDUMP ready open drain output
33 AGND Ground | Ground pin for heat radiation

Note: For the details on pin description, please refer to the OPERATION and APPLICATION INFORMATION section.
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FUNCTIONAL BLOCK DIAGRAM

EN1 >
END o_»|ENDEC
[|] SUPSEL
77 VPROT
VREG o [vreg P2V OFF
[ — - VDUMP_RDY
VREG:5V
N
DUMP VDUMP
VREG
0.6V Lj
—+
N UVvLO
TSD Fault ¢ ¢ BST1
|- | | CSTG
06V 10.% [ _SCP | BUCK/ HGATE
| - BOOST]|
VFB_CSTG Y :mPD
VFB1 ° >—|
Aux | VREF— REF DCDC1 [« HGO
Timer 0.6V Control g
SS1 Logic
| ON > LGATE
V5 —> Ton Toff »| CMP
VIN —»{ Timer + Comp| |Timer + Comp
t l L PGND1
Mod PGOOD2
MODE Se?est
[ pennn |
| _PGOOD
Tocp |

TSD BST2
| | PVIN
scp
0.6V—15% L=
—L— HeATE
VFB2 ~ »[ HPD >—|

e
-

Internal Softstart -+
+

Aux | VREF REF DCDC2 [« HGO
Timer 0.6V Control ¢ LX2
Logic
VOUT2
v | ON

A4

Ton Toff
VIN —»| Timer + Comp| | Timer + Comp

LGATE
,| CMP E
! i -

AGND

A

PGND2

Note : This block diagram is for explaining functions. Part of the block diagram may be omitted, or it may be simplified.
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OPERATION

1. CH1 Storage Capacitor Charging & Dumping

(A) Storage Capacitor Charging

When EN1 is high and PVIN rises above the Under
Voltage Lock Out (UVLO), the inbuilt BOOST converter
start to operate and charges the storage capacitor at
CSTG pin. The CSTG soft start period or the average
charging current is determined by the external capacitor
connected at the SS1 pin.

The final charging voltage level is user programmable
through external resistor ratio across VFB_CSTG and
CTSG pins.

At steady state, the BOOST converter will continue to
trickle charge the storage capacitor to maintain its
threshold.

VDUMP_RDY g
0.5ms

Figure 1A : Storage capacitor charging

(B) Storage Capacitor Dumping

When voltage level at CSTG reaches 90% of its final
value, the system is ready for dumping. The dumping
threshold level is user programmable through resistor
ratio across PVIN & VFB1.

When PVIN drop below the dumping threshold, the built-
in BOOST converter stops charging. The built-in BUCK
converter starts to operate and dumps its charge from
the storage capacitor to PVIN.

At the same time, the DUMP status pin flags high to
indicate system in dumping mode. This status flag can
be used by the system to initiate the dumping process.
The storage dumping process is latched type event, it
can only be reset by EN1 is low or system Under
Voltage Lock Out (UVLO)

Please note that VDUMP_RDY will change to LOW
when CSTG voltage drops to 80%.

CSTG

!

:

TN\

; 80% of CSTG

Minimum input/output
voltage difference \

PVIN
Vdump threshold I

]
1
1
1
1
1
|
1
|
1
i
1
I

VDUMP

1
I
I
1
1
'
1
1
'
|
'
1
1
|
|
|
1
|
1
I
]
I
1
I
1
1
1
1
1
1
1
1
|
'
1
1
|
|
|
1
1
|
I
]
|
I
1
1
1
1
1
|
'
'
|
|
1
|
|
|
1
i
|
I
]
I
1
1
1
1

VDUMP_RDY

Figure 1B : Storage capacitor dumping
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OPERATION (Continued)

1. CH1 Storage Capacitor Charging & Dumping (Continued)

(C) Storage Capacitor Charging Voltage Setting

The Output Voltage can be set by external resistance
of FB_CSTG pin, and its calculation is as follows.

VCSTG

R1 STGFB

V 06V
VCSTG =(1+ R1sters ) x 0.6 FB_CSTG ( )

2s76r8
R2$TGFB

Figure 1C : Charging voltage setting

Below resistors are recommended for following popular
output voltages.

VCSTG R1STGFB R2STGFB
[V] [Q] [Q]

27.87 150k 3.3k
22.5 56k 1.5k
17.4 56k 2k
14.7 47K 2k

(E) Storage Capacitor Dumping Voltage Setting

The IC will trigger dumping mode when input supply
voltage decreases to the programmed dumping
threshold voltage. The dumping threshold voltage can
be set by external resistance connected to Vg1 and
Vg4 Pin, and its calculation is as follows.

Voutt = Voume_ v

R1egq

Rlest ), 06

Vours = (1+
outt = ( R2r;

Figure 1E : Dumping voltage setting

Where
Voump_ vth = Dumping threshold
Vours = DCDC1 output voltage during dumping

Voume vii= Vour

Below resistors are recommended for following popular
output voltages.

Veg cste comparator threshold is adjusted to £1%, but
the actual output voltage accuracy becomes more than
1% due to the influence from the circuits other than
Veg st COMparator.

(D) Storage Capacitor Charging Soft Start

The soft start during BOOST charging is programmable
through SS1 pin. The soft start time constant Tgg, can
be computed as follows:

Tss = Cssx 5SMQ

Vv
o TH R1egq [Q] R2¢g, [Q]
vl
10.2 32k 2k
4.5 13k 2k

Vegq comparator threshold is adjusted to £1%, but the
actual output voltage accuracy becomes more than
+1% due to the influence from the circuits other than
Vg4 cOmparator.

Established :2014-04-30
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OPERATION (Continued)

2. CH1 Storage Capacitance Estimation

The energy available from the storage capacitor can be
computed as follow:

Storage Energy =0.5Cgy (VCSTG2 - VDUMPfVTHz)

Cgqra: Storage capacitance
V76t User programmable charging voltage
Vpyme: User programmable dumping threshold

Similarly, the dumping period can be computed as
follow:

2 2
0.5 CSTG (VCSTG - VDUMPiVTH )

POUT

x0.85

DumpingPeriod =

Pour : Power consumed during dumping

Storage Capacitance Estimation Example:

Pout 5W 9w 12W

Vsta 18V 18V 18V
Voump vTH 4.5V 4.5V 4.5V
Unit Cap*! 100uF 100uF 100uF
Quantity 4 8 10
Total Cap 400uF 800uF 1000uF
E::inorzjmg ~10ms ~11ms ~10ms

3. CH1 BOOST Mode Protection
(1) Over Voltage Protection (OVP) function — DCDC1

a) Output voltage abnormality occurs and starts to
charge CSTG voltage higher.

b) When the OVP detection threshold level is reached,
LX will stop switching. CSTG voltage will slowly
discharge depending on the Vg cg7¢ feedback
resistor and CSTG capacitor setting. B

c) When CSTG voltage reaches the OVP release
threshold level, LX will start switching and if OVP fault
condition is still present, OVP mechanism will repeat
continuously.

N OVP detection Ie_\_/EI_ ______
...... ST
OVP release level
(LA NS S
v / VPROT
a) b) o
I o

Figure 3A : DCDC1 Boost mode OVP operation'

CSTG over voltage protection threshold level can be
computed as follows:

R1
—PRIT) 116V

R2prot VPROT (1.16V)

R2pror
Figure 3B : DCDC1 VPROT pin resistors setting

Note: OVP threshold accuracy is defined by the electrical
characteristic VPR\ps and VPRgyp,

Established : 2014-04-30
Revised D HHHH-HH-HH

Page 19 of 35



Doc No. TA4-EA-06252
Revision. 1

Panasonic

NN30501A

OPERATION (Continued)

4. CH2 Buck mode Protection

(1)Over Current Protection (OCP) function and
Short Circuit Protection (SCP) function - DCDC2
only

a)The Over Current Protection is activated at about 8A
(Typ). This device uses pulse-by-pulse valley current
protection method. When the low side power MOSFET
is turned on, the voltage across the drain and source
is monitored which is proportional to the inductor
current. The high side power MOSFET is only allowed
to turn on when the current flowing in the low side
power MOSFET falls below the OCP level.

Hence, during the OCP, the output voltage continues
to drop at the specified current. OCP is a non—latch
type protection.

b)The Short Circuit Protection function is implemented
when the output voltage decreases and the VFB pin
reaches to about 60% of the set voltage (0.6V).
The SCP operates intermittently at about 2ms ON,
16ms OFF intervals.

r
Over Current Protection (typ : 8A)
> 6.2A to 10.0A

=,
S a)
8
<>3 (Ground short
5 i protection Detection
a b) i about 60% of Vout )
= !
S |

i

i

/ | ,
Output current [A]

About 1A
Figure 4A : OCP and SCP Operation

(2) Over Voltage Detection (OVD) and
Under Voltage Detection (UVD) - DCDC2 only

a)The NMOS connected to the PGOOD pin turns ON
when the output voltage rises and the VFB pin voltage
reaches 115 % of its set voltage (0.6 V).

b)After (a) above, the NMOS connected to the PGOOD
pin is turned OFF after 1 ms when the output voltage
drops and the VFB pin voltage reaches 110% of its
set voltage (0.6 V).

c)The NMOS connected to the PGOOD pin turns ON
when the output voltage drops and the VFB pin
voltage reaches 85% of its set voltage (0.6V).

d)After (c) above, the NMOS connected to the PGOOD
pin is turned OFF after 1ms when the output voltage
drops and the VFB pin voltage reaches 90% of its set
voltage (0.6V).

r
115%
veg 0% 06V
90 %
85 %
1ms <1ms
1) 2) 3) 4)
PGOOD
Note: PGOOD Pin is pulled up to VREG pin

Figure 4B : OVD and UVD Operation

(3) Output discharging function - DCDC2 only

When EN2 is low, the output is discharged by an internal
MOSFET that is connected to VOUT2 pin. When EN2 is
high, if the controller is turned off by Under Voltage Lock
Out (UVLO), Over Voltage Protection (OVP) or Short
Circuit Protection (SCP), the output is also discharged by
the above said internal MOSFET. The ON resistance of
the internal MOSFET is about 50 Q.

(4) Thermal Shut Down (TSD)

When the LSI internal temperature becomes more than
about 130°C, TSD operates and DC-DC turns off.

Established :2014-04-30
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OPERATION (Continued)

5. CH2 Output Voltage Setting

The Output Voltage can be set by external resistance
of FB pin, and its calculation is as follows.

Figure 5A : DCDC2 output voltage setting

Below resistors are recommended for following popular
output voltages.

Vour: [V] Rigs, [Q] R2¢g, [Q]
5.00 88 k 12k
3.30 54 k 12k
2.85 75k 20 k
1.80 36 k 18 k
1.10 15k 18 k
1.00 12k 18 k

Vg, comparator threshold is adjusted to £1%, but the
actual output voltage accuracy becomes more than +1%
due to the influence from the circuits other than VFB
comparator.

6. CH2 Soft Start

This IC has built-in Soft Start function without using
external component. Soft Start function maintains the
smooth control of the output voltage during start up to
avoid overshoot & rush current. When the EN2 pin
becomes High, the DCDC2 output voltage rises up in the
period of about 1ms.

EN2
42V _—

VREG /

UVLO
Soft Start time about 1ms
—> -«
0.6V

VFBZ
DCDC2
output

Figure 6A : Soft Start Operation

7. Internal regulator

This IC has one internal regulator which is enabled/
disabled by either EN1 or EN2.

External capacitors should be placed near the VREG for
stable operation.

(1) VREG
The voltage of VREG pin regulator is 5.5V and it is
used to supply internal circuits of IC. The VREG has
current capability of about 100mA and has over-current
protection.

Established :2014-04-30
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OPERATION (Continued)

8. EN, MODE and SUPSEL setting
(1) EN1 and EN2

The Start up / Shut down is enabled by the EN1 / EN2

pin. The EN1 controls DCDC1 and EN2 controls DCDC2.
Both EN pins are able to control internal regulator VREG.

The EN1 and EN2 pin input voltages (Vgy, Ven) should
satisfy the conditions as defined in the electrical
characteristics.

VIN V%EG
5V (Max) EN E
—
oV

Figure 8A : Internal circuit with EN pin

(2) MODE

Mode Pin controls DCDC2 mode of operation. Mode Pin
can control DCDC1 mode of operation only during
storage dumping (buck mode). Please Refer to the table
below for the details.

Operating Mode
Wode DCDC1
Pin : DCDC2
Buck (Dumping) only
Low FCCM FCCM
(GND)
High
KIP KIP
(VREG) S S
Floating Not Recommended

Mode pin will select FCCM operation if left floating but is
not recommended as noise may couple to this pin and
cause improper mode selection.

The MODE pin input voltage (VypL, Vmpon) should satisfy
the conditions as defined in the electrical characteristics.

(3) SUPSEL
SUPSEL Pin controls DCDCH1 internal operation.
SUPSEL Pin DCDC1 Operation
Low
5V System
(GND) y
High
12V t
(VREG) System
Floating Not Recommended

SUPSEL pin will select 5V system operation if left
floating but is not recommended as noise may couple to
this pin and cause improper selection.

The SUPSEL pin input voltage (Vsupsei, VsupseLn)
should satisfy the conditions as defined in the electrical
characteristics.
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OPERATION (Continued)

9. Power ON / OFF Sequence

(1) When V, power up, CSTG will charge up to level one
Vge level below VIN voltage

(2) When the EN1 or EN2 pin is set to High after the V Vin
settles, the BGR and the VREG start up. k

(3) When the VREG pin exceeds its threshold value, the
UVLO is released and the internal Soft-Start EN1/EN2
sequence is enabled.

(4) The CSTG pin (DCDC Output) voltage increases at 4.2V
the same rate as SS1 pin while the Vg 1, pin VREG /,
voltage increases at the same rate as the internal
soft start SS2. Normal operation begins after the
CSTG or Vgr, pin reaches the set voltage.

(5) When both the EN pin are set to Low, the BGR,
VREG and UVLO stop operation. The VOUT voltage
starts to drop and the discharge time depends on the SO‘EStit Time(s) ::CH1 = SS1 pin
value of the feedback resistors, the output load BV
current & output capacitors.

UVLO

o

S81

VFB_CSTG
- ¥~ 90%

CSTG N

Delay Time(s) ::CH1 = 0.5ms

— —

VDUMP_RDY
Soft Start Time(s) : CH2 = ~1.0ms
SS2 -
(internal) — \
VFBZ P cveeers
90%
VOUT2
Delay Time(s) : CH2 = ~1.0ms
_’ 4—

PGOOD2

(1(2) (3) (4) (6)

Figure 9A : Power ON/OFF sequence
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OPERATION (Continued)

10. Inductor and Output Capacitor Setting

IL_-
[0 - — — — e e Sl
0 i SN
i ! A2
I : v :
: A2 !
Vo i i :
Eo—\—i-\——— (R .'-_IVrpI
. Ton
T
Vo(Eo)
| EHatl Lo [
E|71.7 a2 Co
Rc

Figure 10A : Output ripple for output inductor and capacitor

Given the desired input and output voltages, the inductor
value and operating frequency determine the ripple
current.

Eo-(Ei~Eo)
Ei-Lo-f

onzﬁ
2

Highest efficiency operation is obtained at low frequency
with small ripple current. However, achieving this
requires a large inductor. There is a trade off among
component size, efficiency and operating frequency. A
reasonable starting point is to choose a ripple current
that is about 40% of IOUT(MAX). The largest ripple
current occurs at the highest VIN. To guarantee that
ripple current does not exceed a specified maximum, the
inductance should be chosen according to:

on @ Ei=Ei_max
2Fi-lox- f -

And its maximum current rating is
AIL . )
IL max =Io max+ ES (@ Ei=Ei max)

The selection of COUT is primarily determined by the
ESR (Rc) required to minimize voltage ripple and load
transients. The output ripple Vrpl is approximately
bounded by:

2
Vrpleop—Vob:Ei-CO Re + AIL
2Lo 8Co- f
2 .
:Ei-CO Rc N Eo-(Ei Eo)2
2Lo 8Ei-Lo-Co- f

From the above equation, to achieve desired output
ripple, low ESR ceramic capacitors are recommended,
and its required RMS current rating is:

AIL

243

Ic(rms) max = (@ Ei=Ei max)
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TYPICAL CHARACTERISTICS CURVES

1. CH1 Startup Boost Mode Operation

Condition : Vi = 12V, Vesre = 28V, Loyrs = 3.3uH, Coyrs = 88WF (224F x 4), Cogrg = 7204F (120uF x 6),

Cest = 0.14F

Characteristic 1-1

€f Mampnd 200k »3

Veste (5V/div)

EN,(5V/div)

VDUMP_RDY/(5V/div)

2. CH1 Dumping Buck Mode Operation

TIME (200ms/div)

Condition : Vjy = 12V, Vesro = 28V, Loyrs = 3.3uH, Cours = 88UF (22UF x 4), Cgre = 720uF (120uF X 6),

Ces1 = 0.1uF, Vourq = 10.2V

Characteristic 2-1

Characteristic 2-2

L malnr 280k 23
: i

10.2W

-1 Dumping Operation

_TDUMP~19ms | ™\

\_ Vours (5V/hiV)

N ;
VDUMP (5V/div)

I
I
I
I
L
T
13
I
I
I
I
I

|:

: B mm_:zonﬂl ¥
! i : : I
o 0w |
i ; i : P :
i : ; -..Dumping Operation

Vesre (10V/div)

. TDUMP~9ms | ™

| VDUMP (5V/div)

1
1
1 :
1 Vaur (5Vidiv)
1
1
1
1
1
1
1
1

TIME (5ms/div)

TIME (2ms/div)
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TYPICAL CHARACTERISTICS CURVES (Continued)

3. CH2 Buck Converter: Output Ripple Voltage

Condition : Vjy = 12V, Voura = 1.1V, Loura = TUH, Coyra = 88UF (224F x 4)

Characteristic 3-1 Characteristic 3-2

lour2 = 0A lour2 = 0.2A

v _ B T . - . : : : T4 MainF S0k 55

(1ofwdi é) , LX2(10yvidiv).

: '-‘1 ‘ ’ ________ ‘

Voura (20mVidiv) - Vours (20mVIdiv) .. .. T -

TIME (10ms/div) TIME (5us/div)

Characteristic 3-3 Characteristic 3-4

lour2 = 3A L lour2 = 6A

C4< MainFiok B oo

©g% Mainziok »> o

LX2f(170V'Idiv)f__ 7LX27(10V/d|v) .......... 7L ............. 7 .........

Vour (20mVidiv)

TIME (1us/div) TIME (1us/div)
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TYPICAL CHARACTERISTICS CURVES (Continued)

4. CH2 Buck Converter: Efficiency

Condition : Loyr, = 1uH / 2.2uH / 3.3uH, Cgyr, = 88UF (22F x 4)

100

Characteristic 4-1

90

= Vv
Vourz = 1.1V, i’ 50 /
w

Lour2=11H w0 /

20 _le = 4.5V
— V) =12.0V
— Vi =25.0V |

0.010

0.100

1.000 4-
10.000

10UT (A)

Characteristic 4-2

=
S -
~
//

Loyr2=2.2pH i

20 - VIN =4.5V ]
—V,y =12.0V
° — V=250V ]|
0 : }
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TYPICAL CHARACTERISTICS CURVES (Continued)

5. CH2 Buck Converter: Load Regulation

Condition : Vjy = 12V, Coyra = 88UF (221F X 4), Loyra = 1uH, Vourp = 1.1V

Characteristic 5-1

1.20

1.18

1.16

1.14

1.12

1.10

VOUT (V)

1.08

1.06

1.04

1.02

1.00

6. Start/ Shut Down

Condition : Vi = 12V, Voura = 1.8V, Loyra = 2.2uH, Coyra = 88UF (22uF X 4)

Characteristic 6-1

Enable Vg1, only

EN2 (5V/div)

3
IOUT (A)

Vour, (2V/div)

LIS

Characteristic 6-2

PGOOD2 (5V/div)

Re

LX2 (10V/div)
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TYPICAL CHARACTERISTICS CURVES (Continued)

7. Thermal Performance and Safe Operation Area

Condition : Vegrg = PVing = 12V, Voyry = Vourz = 9V, lourt = loura = 4A, Loyt = Lourz = 3.3H,
Court = Courz = 88UF (22uF x 4)
(CH1 is fix at Dumping mode with Vg1 = 12V for illustration purpose only)

IC case temperature is about 70°C

Figure 7-1 : Thermal image

This IC is intended to be used for general electronic Recommended Safe Operation Area for VOUT from 1V
equipment. Ensure that the IC is used within the to 5V with the condition of casing surface temperature
recommended safe operating region illustrated by the below 85°C.

reference graph on the right. Do take note that thermal V,y vs Load current

performance may varies with PCB design and PCB 2.0
materials.

Please use the graph only as a reference for your

design and discuss further with our application 200
engineer.

It is to be understood that our company shall not be
held responsible for any damage incurred as a result
of application beyond the recommended safe operating
region. Z 140

220

18.0

16.0

ion

12.0

10.0

8.0

60 4—4—>—F—+—F+"+—F+"r"r+Tr—"T T+t
40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 7.0

Load current (A)
Figure 7-2 : Reference Safe Operation Area
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APPLICATIONS INFORMATION

1. Evaluation Board Information

Condition : Vi = 12V, Vgera = 28V, Vours = 4.5V, Voura = 1.1V, Loy = 3.3uH, Loyrs = 10H, Cour = 88UF (22uF x 4)

Figure A1 1 : Application circuit Figure A1-2 : Layout
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APPLICATIONS INFORMATION (Continued)

2. Layout Recommendations

Board layout considerations are necessary for stable
operation of the DC-DC regulator. The following
precautions must be used when designing the board
layout.

(a) The Storage Capacitor Ccgrg of CH1 and Input
capacitor C,y of CH2 must be placed in such a
way that the distance between CSTG and PGND1 of
CH1 as well as PVIN and PGND2 of CH2 is
minimum, in order to suppress the switching noise.
Stray inductance and impedance should be reduced
as indicated by loop (1) shown in the figure A2-1.

(b) A single point ground connection (2) must be used to
connect PGND and AGND to improve operation
stability.

(c) CH2 Output current line |yt and the output sense
line VOUT2 must have small common impedance to
reduce output load variations. Output sense line
VOUT2 must be close to the output capacitor Cqy,
as indicated by (3) below.

(d) Power Loss and output ripple voltage can be
reduced by placing the inductor Lyyr and output
capacitor Cqyt such that the stray inductance
and the impedance of loop (4) is minimum.

This is realized by :

i) Minimizing distance between inductor Lo, and
LX pin.

ii) Reducing distance for output capacitor Cout
between single ground point connection (2) and
output connection (3) as shown in Figure A2-1.

(e) Thick lines in the application circuit example
represent lines with large current flow. These lines
should be designed as thick as possible.

(f) VFB / VREG lines should be placed far away from
LX line, BST line and inductor Ly, to reduce the
effects of switching noise. These lines should be
designed as short as possible. This is especially true

for the VFB line, which is a high impedance line.

(9) Reg1 / Regz and Rgrgray / Rsrarsp Should also be
placed as far away as possible from LX line, BST
line and inductor Ly, to minimize the effects of
switching noise. Regy / Regp  and Rgrgrg1 / Rsrars?
should be placed close to the VFB pin.

(h) LX / BST lines are noisy lines. They should be
designed as short as possible.

Cestel

|
E;RSTGFszi..

r
Couri -
i

i
il 4
i| 3

AGND2
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Figure A2-1: Application circuit diagram

Note: The application circuit diagram and layout diagram
explained in this section, should be used as reference
examples. The operation of the mass production set is
not guaranteed. Sufficient evaluation and verification is
required in the design of the mass production set. The
Customer is fully responsible for the incorporation of the
above illustrated application circuit and the information
attached with it, in the design of the equipment.
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APPLICATIONS INFORMATION (Continued)

3. Recommended component

Refference QTY Value Manufacturer Part Number Note
Designator
CVREG 1 2.2uF MURATA GRM188R71A225KE15D -
CBST1-2 CSS1
CPVIN2A 3 0.1uF MURATA GRM188R72A104KA35L -
CPVIN2B
CPVIN2C 4 10uF Taiyo Yuden UMK325AB7106 MM-T -
CPVIN2D
COUT1A-1D
COUT2A -2D 8 22uF MURATA GRM32ER71E226KE15 -
LOUT1 1 3.3uH Panasonic ETQP3W3R3WFN -
. For DCDC?2 if
LOUT2 1 1.0uH Panasonic ETQP3W1ROWFN VOUT = 1.1V
RPROT2 1 R =10K Panasonic ERJ3EKF1002V -
RPG2 RILIM
RINSW1-2 _ .
RVDUMP 6 R =100K | Panasonic ERJ3EKF1003V -
RVDUMP_RDY
For DCDC1 Boost
RCSTG1 1 R=0 Panasonic ERJ3GEYOROOV (charging)
VCSTG=27.8V
RCSTG2 1 R =150K | Panasonic ERJ3EKF1203V
RCSTG3 1 R=0 Panasonic ERJ3GEYOROOV
RCSTG4 1 R =3.3K | Panasonic ERJ3EKF2701V
RFB1A 1 R=0 Panasonic ERJ3GEYOROOV
RFB1B 1 R=13K Panasonic ERJ3EKF1302V
For DCDC1 Buck
RFB1C 1 R=2K | Panasonic ERJ3EKF2001V (dumping)
VOUT1=4.5V
RFB1D 1 R=0 Panasonic ERJ3GEYOROOV
RFB1E 1 R=0 Panasonic ERJ3GEYOROOV -
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APPLICATIONS INFORMATION (Continued)
3. Recommended component (Continued)
Reffarence QTY Value Manufacturer Part Number Note
Designator
RFB1E 1 R=0 Panasonic ERJ3GEYOROOV -
RFB2A 1 R =0K Panasonic ERJ3EKF7502V
RFB2B 1 R =15K Panasonic ERJ3EKF3002V
For DCDC2
RFB2C 1 R =18K Panasonic ERJ3EKF3602V VOUT2=1.1V
RFB2D 1 R=0 Panasonic ERJ3GEYOROOV
RFB2E 1 R=0 Panasonic ERJ3GEYOROOV -
RPROT1 1 R = 240K | Panasonic ERJ3EKF2403V
RPROT2 1 R =10K Panasonic ERJ3EKF1002V For DCDC1 Boost
(charging)
RPROT3 1 R=0 Panasonic ERJ3GEYOROOV OVP Protection
VOVP =29V
RPROT4 1 R=0 Panasonic ERJ3GEYOROOV
RINSW3-4 _ .
ROUT?2 3 R=0 Panasonic ERJ3GEYOROOV -
TMOS 1 Panasonic SK830321KL -
T1 1 Texas Instruments | TPS2592AA -
Q1 1 FAIRCHILD FDV301N -
CFB1 CSTGFB1 2 1nF MURATA -
CDVDT 1 4.7nF MURATA -
Low Profile
POSCAP
) Value and
CCSTG NA NA Panasonic 20TQC100MYF Quantity depend
on application
requirement
OS-CON CAP
Value and
CCSTG NA NA Panasonic 35SVPF120M Quantity depend
on application
requirement
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PACKAGE INFORMATION

Outline Drawing

Package Code : HQFNO32-A5-0405XZF

F &l MmN
[ m
20U De

e
s | (B
o
=
% N
. N
NI v /| ! g

] —

UUU U U o]

-

0.960)

Unit : mm

(0.7

[
O
O
O
.
O
O
O
2 1927)
= UUU l:’ -
5| B =
= H
= J
gy 2L 0O ="
= s 1.927)
&) |
i B
__'I_ — — — .i r_L l-_
= 2 i
d B I S
= 000 I'il 0lo ‘ ="
{1.08) —

Body Material : Br/Sh Free Epoxy Resin

Lead Material ;. Cu Alloy

Lead Finish Method : Pd Plating
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IMPORTANT NOTICE

1. When using the IC for new models, verify the safety including the long-term reliability for each product.

2. When the application system is designed by using this IC, please confirm the notes in this book.
Please read the notes to descriptions and the usage notes in the book.

3. This IC is intended to be used for general electronic equipment.

Consult our sales staff in advance for information on the following applications: Special applications in which exceptional
quality and reliability are required, or if the failure or malfunction of this IC may directly jeopardize life or harm the human body.
Any applications other than the standard applications intended.

(1) Space appliance (such as artificial satellite, and rocket)

(2) Traffic control equipment (such as for automotive, airplane, train, and ship)

(3) Medical equipment for life support

(4) Submarine transponder

(5) Control equipment for power plant

(6) Disaster prevention and security device

(7) Weapon

(8) Others : Applications of which reliability equivalent to (1) to (7) is required
Our company shall not be held responsible for any damage incurred as a result of or in connection with the IC being used for
any special application, unless our company agrees to the use of such special application.
However, for the IC which we designate as products for automotive use, it is possible to be used for automotive.

4. This IC is neither designed nor intended for use in automotive applications or environments unless the IC is designated by our
company to be used in automotive applications.

Our company shall not be held responsible for any damage incurred by customers or any third party as a result of or in
connection with the IC being used in automotive application, unless our company agrees to such application in this book.

5. Please use this IC in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. Our company shall not be held responsible for any damage
incurred as a result of our IC being used by our customers, not complying with the applicable laws and regulations.

6. Pay attention to the direction of the IC. When mounting it in the wrong direction onto the PCB (printed-circuit-board),
it might be damaged.

7. Pay attention in the PCB (printed-circuit-board) pattern layout in order to prevent damage due to short circuit between pins.
In addition, refer to the Pin Description for the pin configuration.

8. Perform visual inspection on the PCB before applying power, otherwise damage might happen due to problems such as
solder-bridge between the pins of the IC. Also, perform full technical verification on the assembly quality, because the same
damage possibly can happen due to conductive substances, such as solder ball, that adhere to the IC during transportation.

9. Take notice in the use of this IC that it might be damaged when an abnormal state occurs such as output pin-VCC short
(Power supply fault), output pin-GND short (Ground fault), or output-to-output-pin short (load short). Safety measures such as
installation of fuses are recommended because the extent of the above-mentioned damage will depend on the current
capability of the power supply.

10. The protection circuit is for maintaining safety against abnormal operation. Therefore, the protection circuit should not work
during normal operation.

Especially for the thermal protection circuit, if the area of safe operation or the absolute maximum rating is momentarily
exceeded due to output pin to VCC short (Power supply fault), or output pin to GND short (Ground fault), the IC might be
damaged before the thermal protection circuit could operate.

11. Unless specified in the product specifications, make sure that negative voltage or excessive voltage are not applied to the
pins because the IC might be damaged, which could happen due to negative voltage or excessive voltage generated during
the ON and OFF timing when the inductive load of a motor coil or actuator coils of optical pick-up is being driven.

11. Product which has specified ASO (Area of Safe Operation) should be operated in ASO

12. Verify the risks which might be caused by the malfunctions of external components.

13. Connect the metallic plate (fin) on the back side of the IC to the respective potentials (AGND, PVIN, LX). The thermal

resistance and electrical characteristics are guaranteed only when the metallic plate (fin) are connected with
their respective potentials.
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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. No license is granted in and to any intellectual property right or other right owned by Panasonic Corporation 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 general applications (such as office equipment, communications
equipment, measuring instruments and household appliances), or for specific applications as expressly stated in this book.

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

* Special applications (such as for airplanes, acrospace, automotive equipment, traffic signaling 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.

It is to be understood that our company shall not be held responsible for any damage incurred as a result of or in connection with

your using the products described in this book for any special application, unless our company agrees to your using the products in

this book for any special application.

(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.

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 our company.
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