Panasonic

AN30182A

600mA Synchronous DC-DC Step Down Regulator (2ch)
300mA LDO Regulator (6ch)
Multi Power Supply (High Efficiency Power LSI)

FEATURES

® High-Speed Response DC-DC Step Down Regulator
Circuit that employs Hysteretic System
® DC-DC Step Down Regulator : 2-ch
Input voltage Range VBAT :2.5V to 5.5V
DVDD : 1.7V to 3.0V
Output voltage Range 0.8 V to 2.4 V
Up to 600 mA Output Current

® DO Regulator : 6-ch
Input voltage Range VBAT :2.5V to 5.5V
DvDD : 1.7V to 3.0V
Output voltage Range 1.0 V to 3.3V
Up to 300 mA Output Current

® |2C control (2-slave address selectable)
® 25 pin Wafer Level Chip Size Package (WLCSP)
(Size : 2.15 mm x 2.15 mm, 0.4 mm Pitch)

APPLICATIONS

Mobile phone, Portable appliance, etc

DESCRIPTION

AN30182A is a multi power supply LSI which has High-
Speed Response DC-DC Step Down Regulators (2-ch)
and LDO Regulators (6-ch).

By this DC-DC system, when load current charges
suddenly, it responds at high speed and minimizes the
changes of output voltage.

Since it is possible to use capacitors with small
capacitance and it is unnecessary to add external parts
for system phase compensation, this IC realizes
downsizing of set and reducing in the number of external
parts.

The output DC of each power supply is variable by I°C
control.

SIMPLIFIED APPLICATION

DDVBAT2 DDVBAT1
DVDD VB VIN2

4 7uF 4.7uF
4.7uF| E4. 7uF
,; ;L

0.1pF I
DCDCOUT1
— SDA |_)<1 luH
—scL FB1 4.7uF
— | ASEL DDGNLTZ i DCDCOUT2
——1ur >
FB2 . 4.7yF
DDGND2 ﬂ
<+—¢VLDO4 VLDO1-9—>
1uF7; AN30182A ;m:
<+—¢-VLDO5 VLDO2-¢—»
1uF; %mF
41—!- VLDO6 VLDO3-9—>
HF 1uF
| VREG REFRESETLDO1ON AGND |, %
wpry T~

Notes) This application circuit is an example. The operation
of mass production set is not guaranteed. You should
perform enough evaluation and verification on the
design of mass production set. You are fully
responsible for the incorporation of the above
application circuit and information in the design of
your equipment.
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DDVBAT1 = DDVBAT2 = VB = VIN2 = 3.7V
Lo =1.0 uH, Cout = 4.7 pF
Vout=0.8,1.2,1.8, 2.4V
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Panasonic

AN30182A

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit Notes
VB,VIN2,DDVBAT1,DDVBAT2 6.0 \Y, *1
Supply voltage

DVDD 3.6 \Y, *1
Operating free-air temperature Topr —-30to+85 °C *2
Operating junction temperature T —30to + 150 °C *2
Storage temperature Tsig —55to + 150 °C *2

*
RESET,LDO10ON,FB1,FB2 —0.3t0 Vygar + 0.3 \Y, *é

Input Voltage Range .
SCL,SDA,ASEL —0.3t0 Vpypp + 0.3 \Y, *é
LX1,LX2,VREG,REF,LDO1, *1
Output Voltage Range LOD2,LDO3,LDO4,LDO5.LDOG —0.3t0 Vygar + 0.3 \Y, %3
ESD HBM (Human Body Model) 2 kv —

Notes) 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 guaranteeable 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.

*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 Ta = 25 °C.
*3:Vygar iS Voltage for DDVBAT1, DDVBAT2. VB = VIN2, (Vg + 0.3) V must not be exceeded 6 V.

Vovop IS Voltage for DVDD, (Vpypp + 0.3) V must not be exceeded 3.6 V.

POWER DISSIPATION RATING

PACKAGE 0:a

PD(Ta=25°C) | PD(Ta=85°C) |Notes

25 pin Wafer level chip size Package

(WLCSP Type) 294.1°CIW

0.425 W 0.221 W *1

Note). For the actual usage, please refer to the PD-Ta 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 ) [ Glass-Epoxy: 50 X 50 X 0.8 t (mm ) ]
Die Pad Exposed , Soldered.

‘ CAUTION

N Although this has limited built-in ESD protection circuit, but permanent damage may occur on it.
‘?A Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the MOS gates
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Panasonic AN30182A

RECOMMENDED OPERATING CONDITIONS

Parameter Pin Name Min. Typ. Max. Unit | Notes
VB 2.5 3.7 55 \% *1
VIN2 2.5 3.7 55 \% *1
Supply voltage range DDVBAT1 2.5 3.7 5.5 \% *1
DDVBAT2 25 3.7 5.5 \% *1
DVDD 1.7 1.85 3.0 \% *1
RESET -0.3 — Vygar + 0.3 \ *2
LDO1ON -0.3 — Vygar + 0.3 v *2
FB1 -03 — Vygar + 0.3 % *2
Input Voltage Range FB2 -0.3 — Vygar + 0.3 \% *2
SCL -0.3 — Vpvop + 0.3 v *2
SDA -0.3 — Vovop + 0.3 v *2
ASEL -0.3 — Vpvop + 0.3 % *2
LX1 -03 — Vygar + 0.3 \ *2
LX2 -0.3 — Vygar + 0.3 v *2
VREG -03 — Vygar + 0.3 v *2
REF -03 — Vygar + 0.3 % *2
Output Voltage Range Lbo1 03 — Vvgar + 0.3 v 2
LDO2 -0.3 — Vygar + 0.3 v *2
LDO3 -03 — Vygar + 0.3 v *2
LDO4 -03 — Vygar + 0.3 \ *2
LDO5 -0.3 — Vygar + 0.3 v *2
LDO6 -0.3 — Vygar + 0.3 v *2

Note) Do not apply external currents and voltages to any pin not specifically mentioned.
Voltage values, unless otherwise specified, are with respect to GND. GND is voltage for AGND, DDGND1 = DDGND2
Vygar i Voltage for DDVBAT1, DDVBAT2, VB = VIN2.V, ., is voltage for DVDD.
*1 : The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
*2 1 (Vygar + 0.3) V must not be exceeded 6 V. (Vp,pp + 0.3) V must not be exceeded 3.6 V.
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Panasonic

AN30182A

ELECRTRICAL CHARACTERISTICS
Vyear(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.7V, Vpypp = 1.85V
DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF

T, =25°C £ 2 °C unless otherwise noted.

Limits
Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[ Consumption current ]
Consumption current 1 on active IBAT_1 |only LDO1 (PS mode) ON — 10 20 HA | —
Consumption current 2 on active IBAT_2 |DCDC1-2, LDO1-6 = ON — 360 600 HA | —
Static consumption current IBAT_3 | DCDC1-2, LDO1-6 = OFF — 0.1 1.0 pA | —
Ver. BEB
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AN30182A

ELECRTRICAL CHARACTERISTICS (Continued)
Vyear(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.7V, Vpypp = 1.85V
DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF

T, =25°C £ 2 °C unless otherwise noted.

Limits
Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[ LDO1 - 6 ( Normal Mode ) ] (LDO Regulator)
ILDO =— 150 mA
Output voltage VLDO Vout = 1.85 V setting 1.803 | 1.850 | 1.897 | V | —
Output current ILDO — 300 — — mA | —
Load regulation DVLDO |AILDO=-10pA —»>-150mA | -5 20 50 mVvV | —
VB=31V—->45V
Line regulation VLDOLR |ILDO =- 150 mA -10 0 10 mv | —
Vout = 1.85 V setting
N VB=3.7V
Short-circuit current ISTLDO VLDO = 0 V 35 100 255 | mA | —
[ LDO1 - 6 ( Power Save Mode ) ] (LDO Regulator)
ILDO =-5mA
Output voltage VLDOPS Vout = 1.85 V setting 1.803 | 1.850 | 1.897 | V | —
Output current ILDOPS — 10 — — mA | —
Load regulation DVLDOPS |AILDO=-10pA - -5mA -5 20 50 mVvV | —
VB=3.1V—>45V
Line regulation VLDOLRPS |ILDO =-5mA -25 0 25 mV | —
Vout = 1.85 V setting
Ver. BEB
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AN30182A

ELECRTRICAL CHARACTERISTICS (Continued)
Vygar(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.7V, Vpyop = 1.85V

DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF

T, =25°C £ 2 °C unless otherwise noted.

Limits
Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[ DCDC1 ] (DC-DC Step Down Regulator)
IDCDC1 = - 300 mA
Output voltage VDCDC1 Vout = 1.2 V setting 1.170 | 1.200 | 1.230 | V | —
Output current IDCDC1 — 600 — — mA | —
- A IDCDC1 = - 10 pA — — 500 mA
Load regulation DVDCDCL |\ =12V setting — 25 45 mvV | —
DDVBAT1=3.1V —»45V
Line regulation VDCDCI1LR |IDCDC1 = - 300 mA — 4 13 mv | —
Vout = 1.2 V setting
Oscillation frequency ISTDCDC1 |IDCDC1 = - 300 mA (CCM) 2 3 4 MHz | —
[ DCDC2 ] (DC-DC Step Down Regulator)
IDCDC2 = - 300 mA
Output voltage VDCDC2 Vout = 1.85 V setting 1.803 | 1.850 | 1.897 | V | —
Output current IDCDC2 — 600 — — mA | —
- A IDCDC2 = - 10 pA — — 500 mA
Load regulation DVDCDC2 |\, i=185V setting — 25 45 mvVv | —
DDVBAT2=3.1V —» 45V
Line regulation VDCDC2LR |IDCDC2 = - 300 mA — 4 13 mVvV | —
Vout = 1.85 V setting
Oscillation frequency ISTDCDC2 |IDCDC2 = - 300 mA (CCM) 2 3 4 MHz | —
[ I/O characteristics of control terminal (RESET, LDO1ON) ]
Low input voltage VIL1 Voltage recognized as low level — — 045 | V | —
High input voltage VIH1 Voltage recognized as high level 1.2 — — vV | —
Input pull-down resistance PDR1 — 1 3 6 MQ | —
[ /O characteristics of control terminal (ASEL) ]
Low input voltage VIL2 Voltage recognized as low level — — \;DSD?E’ vV | —
High input voltage VIH2 Voltage recognized as high level \>/<DC\)’D7D — — vV | —
Ver. BEB




Panasonic

AN30182A

APPLICATION INFORMATIO

N

Vygar(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.7V, Vpyop = 1.85V

T, =25°C £ 2 °C unless otherwise noted

Reference values

Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[12C Bus (Internal I/O Stage Characteristics) |
. Voltage which recognized that 0.3 x *1
Low-level input voltage VIL1 SDA and SCL are Low-level -0.5 Vouoo \% o
. . Voltage which recognized that | 0.7 x Vovop *1
High-level input voltage VIH1 SDA and SCL are High-level Voo +m8.X5 \% >
: Vovop > 2V %
Low-level output voltage 1 VOL1 SDA(sink current) = 3 mA 0 0.4 \% 2
. Vovop <2V 0.2 x R
Low-level output voltage 2 VOL2 SDA(sink current) = 3 mA 0 Voo \% 2
SCL, SDA =
Input current each 1/O pin IL 0.1 X Vpyppmax tO -10 10 LA | *2
0.9 X Vpyppmax
SCL clock frequency FOSC — 0 400 | kHz | *2

Notes) *1 : The input threshold voltage of 12C bus (Vth) is linked to Vpypp.
In case the pull-up voltage is not V,op, the threshold voltage (Vth) is fixed to ((Vpypp / 2) = (Schmitt width) / 2 ') and High-level,
Low-level of input voltage are not specified.
In this case, pay attention to Low-level (max.) value (V| ma)-

It is recommended that the pull-up voltage of 12C bus is set to the I2C bus I/O stage supply voltage (Vpypp)-

*2 :Checked by design, not production tested.
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AN30182A

APPLICATION INFORMATION (Continued)
Vyear(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.1V to 4.5V, Vpypp = 1.85V
DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF

T, =25°C £ 2 °C unless otherwise noted.

Reference values
Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[ LDO1 -6 ( Normal Mode ) ] (LDO Regulator)
ILDO = - 150 mA .
Output voltage VLDO Vout = 1.85 V setting 1.803 | 1.850 | 1.897 | V 2
Normal mode
Consumption current on active | IREGLDO |VB > Vout+ 0.1V or 25 50 75 A | *2
VIN2 > Vout + 0.1V
1/0O voltage difference VSATLDO |ILDO =-300 mA 0.3 — — V | *2
AVB=3.7V+0.15V
Ripple rejection VLDORR |ILDO =-150 mA — - 60 —40 | dB | *2
fvin = 100 Hz to 10 kHz
Discharge resistance RDISLDO — 50 100 200 | kQ | *2
Load change characteristic LTRLDO ILDO =—10 pA <> —100 mA — 30 150 | mV | *2
[ LDO1 - 6 ( Power Save Mode ) ] (LDO Regulator)
ILDO =-5mA .
Output voltage VLDOPS Vout = 1.85 V setting 1.803 | 1.850 | 1.897 | V 2
Power Save mode
Consumption current on active | IREGLDOPS | VB > Vout + 0.1 V or 1 3 5 HA | *2
VIN2 > Vout + 0.1V
AVB=3.7V+0.15V
Ripple rejection VLDOPSRR |ILDO =-5mA — -10 -5 dB | *2
fvin = 100 Hz to 10 kHz
N VB=3.7V *
Short-circuit current ISTLDOPS VLDO = 0 V 5 20 40 mA | *2
Notes) *2:Checked by design, not production tested.
Ver. BEB
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AN30182A

APPLICATION INFORMATION (Continued)
Vyear(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.1V to 4.5V, Vpypp = 1.85V
DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF

T, =25°C £ 2 °C unless otherwise noted.

- Reference values ;
Parameter Symbol Conditions - Unit | Notes
Min ‘ Typ ‘ Max
[DCDC1 ] (DC-DC Step Down Regulator)
IDCDC1 = - 300 mA .
Output Voltage VDCDC1 Vout = 1.2 V setting 1.17 | 1.200 | 1.23 \Y 2
Consumption current on active | IREGDCCD1 |IDCDC1 =0 mA 10 25 40 pA | *2
From FB1 x 100% to FB1 x
Output over current limit ILIMDCDC1 | 70% — 1.0 1.2 A | *2
VB=3.7V
DDVBAT1=3.4V
Efficiency 1 EFFDCDC11 |VDCDC1 =24V 85 90 — % | *2
IDCDC1 = - 150 mA
DDVBAT1=3.7V
Efficiency 2 EFFDCDC12 |VDCDC1 =12V 75 80 — % | *2
IDCDC1 = - 150 mA
DDVBAT1 =55V
LX leak current ILXL1 DCDC1 = Disable -1 0 1 LA | *2
VLX1=0Vor55V
Discharge resistance RDISDCDC1 — 0.5 1.0 2.0 kQ | *2
[DC-DC2 ] (DC-DC Step Down Regulator)
IDCDC2 = - 300 mA .
Output Voltage VDCDC2 Vout = 1.85 V setting 1.803 | 1.850 | 1.897 | V 2
Consumption current on active | IREGDCCD2 | IDCDC2 =0 mA 10 25 40 LA | *2
From FB2 x 100% to FB2 x
Output overcurrent limit ILIMDCDC2 | 70% — 1.0 1.2 A | *2
VB=3.7V
DDVBAT2 =3.4V
Efficiency 1 EFFDCDC21 |VDCDC2 =24V 85 90 — % | *2
IDCDC2 = - 150 mA
DDVBAT2=3.7V
Efficiency 2 EFFDCDC22 |VDCDC2 =185V 80 85 — % | *2
IDCDC2 = - 150 mA
DDVBAT2 =55V
LX leak current ILXL2 DCDC2 = Disable -1 0 1 HA | *2
VLX2=0Vor55V
Discharge resistance RDISDCDC2 — 0.5 1.0 20 | kQ | *2
Notes) *2:Checked by design, not production tested.
Ver. BEB
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AN30182A

APPLICATION INFORMATION (Continued)
Vyear(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.1V to 4.5V, Vpypp = 1.85V
DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF

T, =25°C £ 2 °C unless otherwise noted.

. Reference values i
Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[ 12C bus (Internal I/O stage characteristics) |
Hysteresis of Schmitt trigger Vio>2V, 0.05 x . . .
input 1 Vhysl Hysteresis 1 of SDA, SCL VovoD v 2
Hysteresis of Schmitt trigger V<2V, 0.1x . . .
input 2 Vhys2 | steresis 2 of SDA, SCL Voo V|2
Bus capacitance : 10 pF to
400 pF 20+
) . _ *
Output fall time from V ymin 10 V)i max Tof lo <6 MA (Ve = 0.6 V) O.é X 250 | ns | *2
Ip : Max. sink current b
Pulse width of spikes which must .
be suppressed by the input filter Tsp - 0 - 50 | ns |2
Capacitance for each 1/0O pin Ci — — — 10 pF | *2
[ I2C bus (Bus line specifications) |
Hold time t The first clock pulse is 06 . . s |
(repeated) START condition HD:STA | generated after typ.sta ' H
Low period of the SCL clock tLow — 1.3 — — us | *2
High period of the SCL clock thich — 0.6 — — us | *2
Set-up time for a repeat START .
condition tsu:sTa o 0.6 T - ws | 2
Data hold time tHD-DAT — 0 — 0.9 us | *2
Data set-up time tsu-DAT — 100 — — ns | *2
S 20 +
Rise time c_)f both SDA t . 01 x . 300 | ns | *2
and SCL signals
Cy
; 20 +
Fall time of both SDA t . 01 x . 300 | ns | *2
and SCL signals
Cp
Set-up time of STOP condition tsusto — 0.6 — — us | *2
Bus free time between STOP .
and START condition tour - 13 - — | ms |72
Notes) *2: Checked by design, not production tested.
Ver. BEB
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AN30182A

APPLICATION INFORMATION (Continued)
Vyear(DDVBAT1 = DDVBAT2 = VB = VIN2) = 3.1V to 4.5V, Vpypp = 1.85V
DC-DC:Co=4.7 yF,Lo=1pH/LDO : Co =1.0 yF
T, =25°C £ 2 °C unless otherwise noted.

Reference values

Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
[ 12C bus (Bus line specifications) (continued) ]

. . *2
Capacitive load for each bus line Cy — — — 400 pF 3
Noise margin at the Low-level for Vv . 0.1x . . Vv *2
each connected device nt VovoD *3
Noise margin at the High-level for Vv . 0.2 x . . v *2
each connected device nH Vovop *3

*2 : Checked by design, not production tested.

*3 : Checked by design, not production tested.
The timing of Fast-mode devices in 12C-bus is specified as the following.
All values referred to Vi, and V, .., level.
SDA / M X i_i/-XA \ Z A
“Tow T t, tSU:DQ\T t; —*tupsTa tsp t, ’ “Toor ’ ;
SCL \ 1 ---—/i i\—__-f Pl i \-
= tp.sTA > < tsysTA>——t! tsusTo > | ' i
’ tuopar  thich L Sr PP PSS
S : START condition
Sr: Repeat START condition
P : STOP condition
Ver. BEB
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PIN CONFIGURATION

BOTTOM VIEW

©0000]
00080

1 2 3 4 5
PIN FUNCTIONS
Pin No.| Pin name Type Description
Al VLDOS5 Output LDOS5 output
A2 VLDO4 Output LDO4 output
A3 VREG Output Reference output
A4 VLDO3 Output LDO3 output
A5 VLDO2 Output LDO2 output
B1 VIN2 Power Supply | Input for LDO4, LDO5, and LDO6
B2 RESET Input Reset input for Logic
B3 REF Output Reference output
B4 LDO1ON Input LDO1 ON/OFF control
B5 VB Power Supply | Input for LDO1, LDO2, LDOS3, and other VB
C1 VLDO6 Output LDOG6 output
c2 FB2 Input DCDC2 voltage feedback
C3 AGND Ground GND
C4 FB1 Input DCDC1 voltage feedback
C5 VLDO1 Output LDO1 output
D1 DDVBAT2 | Power Supply | DCDC2 input
D2 SCL Input I2C clock input
D3 ASEL Input I°C slave address select
D4 DVDD Power Supply | Power supply for Logic
D5 DDVBAT1 | Power Supply | DCDCL1 input
El LX2 Output DCDC2 switching
E2 DDGND2 Ground GND
E3 SDA Input/Output | I°C data input/output
E4 DDGND1 Ground GND
E5 LX1 Output DCDC1 switching

Notes) Concerning detail about pin description, please refer to OPERATION and APPLICATION INFORMATION section.

12
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AN30182A

FUNCTIONAL BLOCK DIAGRAM

DVDD

SDA

SCL

ASEL

RESET

LDO1ON

REF

VREG

AGND

Notes) This block diagram is for explaining functions. Part of the block diagram may be omitted, or it may be simplified.
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DET
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1.0 - 3.3 V /300 mA(min)

BS

C5
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1.0 - 3.3 V /300 mA(min)
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1.0 - 3.3V /300 mA(min)
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LDO4
1.0 - 3.3 V/ 300 mA (min)

Bl

A2

LDO5
1.0 -3.3 V /300 mA (min)

Al

LDO6
1.0 - 3.3V /300 mA (min)

Ci

DDVBAT1

LX1

DDGND1
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VLDO2

VLDO3
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VLDOG6
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AN30182A

TYPICAL CHARACTERISTICS CURVES

(1) Output Ripple Voltage of DC-DC1 and DC-DC2
Viny=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=L2=1uH, CDCDCOUT1 = CDCDCOUT2 =4.7 yF

DC-DC1, lout = OmA

,

1

Chi 20.0mvas
Z.00V 0

M[2.00ms A ChI  720mv]

DC-DC1, lout = 100mA

Lxa

chil 20.0mvas

200V 0

“M2.00ms A Ch3 - 720mV]

DC-DC1, lout = 600mA

DC-DC2, lout = OmA

iT

Chil 20.0mven)

200V 0

MZ2.00ms A Ch3 + 720mv|

DC-DC2, lout = 100mA

Lx1

Chil 20.0mves
Z.00V 0

“M[400ns| A Ch3 7 2.36V|

DC-DC2, lout = 600mA

B
LX1 : :
Ch1[ 20.0mvVQsy M 400ns| Al Ch3 J5 2.36V Ch1[ 20.0mvesy M[400ns| A Ch3 2.36 V|
200V Q2 2.00VQ
[
Ver. BEB
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Panasonic AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(2) Load Transient of DC-DC1 and DC-DC2
Viny=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=L2=1uH, CDCDCOUT1 = CDCDCOUT2 =4.7 yF

DC-DC2 , lout = 10pA to 500mA

DC-DC1, lout = 10pA to 500mA
(AT=500mA/usec) (AT=500mA/usec)
——————r— | — ]

I

L 11}
: : % —131626m\<f : : : : A _17.4mv
Vout Fsbem Vout @ -39.2mv
S ——" s — -
lout ¢ R
3 : :
Ch AT “WZ0.008 A Chi 7 4vomA @ Toomver | M20.0ps| A Ch3 7 350mA
Ch3 500mA G Ch3[ 500mAQ
|
DC-DC1, lout = 500mA to 10pA DC-DC2, lout = 500mA to 10pA
(AT=500mA/usec) (AT=500mA/usec)
—1 ] — ]
S s “U A 6.00my ——— A 6.650mY
@: 75.40n|11\.' @: 4.00mv
Vout
o
E> e Sl
lout : :
@ 0. omve | M20.04s A Ch3 \ 470mA Ch AT W[20-0ps] A Cha % 350mA
Ch3[ 500mAS Ch3 500mA G
Ver. BEB
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AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(3) Efficiency of DC-DC1 and DC-DC2
Viny=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=L2=1uH, CDCDCOUT1 = CDCDCOUT2 =4.7 yF

AN30182A DC-DC1 Efficiency
100
2 i ——
80 - -
~_
T 0 x
— 60
e
g Vout=0.8V | |
g % Vout=1.2v ||
w30 Vout=1.8V ||
20 — Vout=2.4V [—
10
0
1 10 100 1000
Load Current [mA]
AN30182A DC-DC2 Efficiency
100
9
80 | T
= 70 L —— —
S, ™~
— 60
2 50 —
k3] ——Vout=0.8V
g 40 ——Vout=1.2v
W 30 Vout=1.8V ||
20 ——Vout=2.4V | _|
10 |-
0
1 10 100 1000
Load Current [mA]
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Panasonic AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(4) Load Regulation of DC-DC1 and DC-DC2
Viny=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=L2=1uH, CDCDCOUT1 = CDCDCOUT2 =4.7 yF

Load Regulation of DC-DC1

1.4

1.35

13 r

1.25 -

1.2 -

1.15

VDCDCOUTL1 [V]

1.05

0 100 200 300 400 500 600
Load Current [mA]

Load Regulation of DC-DC2

2.05

1.95

1.9

1.85 -

1.8 -

VDCDCOUT2 [V]

1.75

1.7

1.65

0 100 200 300 400 500 600
Load Current [mA]
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Panasonic AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(5) Line Regulation of DC-DC1 and DC-DC2
lout = 300mA, DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=1L2=1pH
CDCDCOUT1 = CDCDCOUT2 =4.7 pF
Vi = 2.4V to 5.5V

Line Regulation of DC-DC1

1.4

1.35

=
w

=
N
a

DCDCOUTL [V]
[EEN
N

1.15
11
1.05
1
2 2.5 3 3.5 4 45 5 5.5 6
VIN [V]
Line Regulation of DC-DC2

2.05
2

1.95

=
©
T

DCDCOUT2 [V]
b
[o¢] al

[

~

62]
T

Ly
~
T

1.65

2 2.5 3 3.5 4 4.5 5 5.5 6

VIN [V]
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Panasonic AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(6) Start Up & Shut Down of DC-DC1 and DC-DC2
Viny=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=L2=1uH, CDCDCOUT1 = CDCDCOUT2 =4.7 yF

DC-DC1, RDCDCOUT1 = No Load DC-DC2, RDCDCOUT2 = No Load
|Start Ler . 1 |Start l.rlp - 1
o st omy S @ 66.0mv
H Al 320us Al 332us
E @: 8B.0pS @: 92.0us
VDCDCOYT1 I VDCDCOUT2
[ T gty it | L1 : s
I2C Signal 2C Signal
W Toove W T00ms Al Chi 7 720mv W Toove W To0us Al Chi 7 720mv
Chi 2.00v< Chi 2.00v<
DC-DC1, RDCDCOUT1 = No Load DC-DC2, RDCDCOUT2 = No Load
Shut Down Shut Down
: e _ i | ] _
@ 120mv @ Tiomv
A: B.56ms (R A: 15.2ms
@: 8.56ms J . . @: 15.3ms
: e
VDCDICOUTl
+ : : : : +
I’c signal - | - - - I2C Signal : Lo :
Bl To0ve . M4.00ms A Chi J 720mv| El Toover] Wi.00ms A Ch3 £ 720mv
Chi 2.00v< ch3 2.00v Q|
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Panasonic

AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(7) Start Up & Shut Down of DC-DC1 and DC-DC2
Viny=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=L2=1uH, CDCDCOUT1 = CDCDCOUT2 =4.7 yF

DC-DC1, RDCDCOUT1 = 4Q

DC-DC2 , RDCDCOUT2 = 6Q

Start Up Start Up
| e ] | i ]
1A 110y - - - A 154V
1@ —20.0mv @ 150V
: 1A 366s A 404ps
@: 86.0uS @:  490us
VDCDCOUT1 VDCDCOUT2 : /.
D sevsmmpnrrr Db {msmsmpmsssi o snabslriobbpronm
I2C Signal:
: : : «
Ch 1 IR W[ 100ps =A| Chs F 7 20mv Ch 1 IRNIAS M 100ps| A Ch3 5 720mY|
ch3[ 2.00vVQ ch3[ 2.00 vV |
DC-DC1, RDCDCOUT1 = 4Q DC-DC2 , RDCDCOUT2 = 6Q
Shut Down Shut Down
| e — E—i : !
....... - - a2y r——————— r—— a2y
1@ 120mv 1@ 160mv
........ TAD 44.0us 1A 80.0ps
1@ 130us @: 166MS
: «
: (3
I2C Signal : I2C Signal
@ T.00vV & M[40.0us| A Ch3 J 720mv EE 1.00ve : M[40.0us| A Cha 7 720mv
ch3 2.00VQ ch3[ 2.00VQ
Ver. BEB
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Panasonic

AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(8) Short Protection of DC-DC1

Vjy=3.7V, DC-

DC1 Vout=12V,L1=1pH, CDCDCOUT1 = 4.7 uF

Chi| 1.00vV<Q | | “M[10.0ms A Ch1 1 520mvV|
Ch3[ 2.00VQ W 1.00AQ |

21
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Panasonic AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(9) Thermal Performance of DC-DC1
Viy=3.7V,DC-DC1_Vout=1.2V, ILoad = 600mA ,L1=1pH, CDCDCOUT1 = 4.7 uF

(10) Thermal Performance of DC-DC2
V\y=3.7V, DC-DC2_Vout =1.85V, ILoad = 600mA , L2 =1 pyH , CDCDCOUT2 = 4.7 uF

2 2 Ver. BEB



Panasonic

AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(11) Frequency of DC-DC1 and DC-DC2

Vin=3.7V,DC-DC1_Vout=1.2V, DC-DC2_Vout=1.85V,L1=1L2=1puH, CDCDCOUT1 = CDCDCOUT2 =4.7 pF

DC-DC1, lout = OmA

DC-DC2, lout = OmA

F i f ] [ i — ]
R Ta: 40.0my 1 A 0.00Y
1ot 120v Vout | @ 1.80v
A 258 Hz , Al 379 Hz
1® 253 Hz @: 126 Hz
%\\J\W\N
e - R EIN ] W A 1 WE N
g 1NN L
3y Bl R R
ST RERE LTI SRR S LT
Ch1| 20.0mved M2.00ms| A] Ch3 5 720mv Chil 20.0mvVers) M2.00ms A Chz  720mV]
200V Q2 EE 200vVe |
DC-DC1, lout = 300mA DC-DC2, lout = 300mA
| t i — 1 [ | —— |
e A 120my — Ca 2a0my
: @: —680mY vout 1@ “720mv
Vout o A 2.98MHz ou TAD 2.72MHz
@ 744kHz : @: 1.36MH2z
LX1 LX1
chil 20.0mvas M 400ns| A Ch3 & 1.20V] Chi| 20.0mveze M[400ns| A Ch3 & 2.36 V)
200V Q 2.00vVQ
DC-DC1 , lout = 600mA DC-DC2, lout = 600mA
; = ‘. ] ; = ]
E i — ] E o ]
— T U ar s00my e bt At 40.0mY
vout o @: —920mv : e @ -1.04V
u : A1 3.47MHz - Vout - T R A 2.91MHz
H @: 845kHz H @: 984kHz
LX1
Chi[ 20.0mves Maoons| A Ch3 & 1.20 V| Chi[ 20.0mvan M 400ns| A Ch3 £ 2.36V
2.00V 0 2.00VQ
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Panasonic

AN30182A

TYPICAL CHARACTERISTICS CURVES (Continued)

(12) Frequency of DC-DC1 and DC-DC2

IOUT = 300mA, DC-DC1_Vout = 1.2 V, DC-DC2_Vout=1.85V ,L1=1L2=1pH

CDCDCOUT1 = CDCDCOUT2 =4.7 uF
DC-DC1, VIN = 2.5V

DC-DC2, VIN = 2.5V

J L 11 1 1 [ ﬁ : } ]
e —— e A 120my SRR s | A 160my
i X @: —-680mv Vout @: -760mvV
cVout o] A: 2.98MHz . A1 1.54MHz
. : 744kHz H @: 786kHz
) T WO Y T L T A ™
LY
chil 20.0mvas M4 chi[ 20.0mvan “M[400ns| A Ch3 S 1.20V]
2.00VQ 2.00V @
DC-DC1, VIN = 3.7V DC-DC2, VIN = 3.7V
L ;-4 T 1 L X | ] h|
C L1} [ 1 L L1} I} 1 Pl
> Ta: 120mv - T A 240mv
1@ —680mvy V @: -720my
- Vout 1A 2.98MHz out Ar 2.72MHz
1 1@ 744kHz 1 @: 1.36MHz
0 e P U Y PR o Tt T e WO WL R [T s AR N AP A A Pt O e
LX1 LX1
Chi[ 20.0mvess] M[a00ns| A Ch3 + 1.20V] Chi[ 20.0mvess]
2.0V 0 2.0V 0
DC-DC1, VIN = 5.5V DC-DC2, VIN = 5.5V
L = | ]
L 11} T 1
....... e 120my A 2s0my
vout : @ —680my 1@ seomy
out - .o d A 2.98MHz JAD 2.60MHz
@: 744kHz @: 899kHz
LX1 LX1
chif zoomves MIa00ns| A Ch3 J  1.20V] Chi[ 20.0mvess “Ma00ns| A Chi 4 1.20V)
2.00VQ 2.00V Q@
Ver. BEB
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Panasonic

AN30182A

OPERATION

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

1. I2C-bus Interface

a.) Basic Rules

This IC, 12C-bus, is designed to correspond to the
Standard-mode (100 kbps) and Fast-mode(400 kbps)
devices in the version 2.1 of NXP's specification.
However, it does not correspond to the HS-mode (to 3.4
Mbps). This IC will operate as a slave device in the I°C-
bus system. This IC will not operate as a master device.
The program operation check of this IC has not been
conducted on the multi-master bus system and the mix-
speed bus system, yet. The connected confirmation of
this IC to the CBUS receiver also has not been checked.
Please confirm with our company if the IC will be used in
these mode systems. The I2C is the brand of NXP.

b.) START and STOP conditions

A High to Low transition on the SDA line while SCL is
High is one such unique case. This situation indicates
START condition. A Low to High transition on the SDA
line while SCL is High defines STOP condition.

START and STOP conditions are always generated by
the master. After START condition occur, the bus will be
busy. The bus is considered to be free again a certain
time after the STOP condition.

START condition

STOP condition

d.) Data format

Slave Address

Pin ASEL| A6 | A5 | A4 | A3 | A2 | A1 | A0 | R/IW Hex
Low 1 1 10 0 1 0 X 72h
High 1 1 110 0 1 1 X 73h
Write mode
S| Slave Address |W|A| Sub Address |A| DataByte |A|P
Start ) Ack Stop
Condition Write mode : 0 Condition
Read mode
d1.) When Sub address is not specified
When data is read without assigning sub-address, it is
possible to read the value of sub-address specified in
Write mode immediately before.
| S ‘ Slave Address ‘ R ‘ A ‘ Data byte ‘Z ‘ P |
Start Ack Stop
Condition Read mode : 1 condition

Ex) When writing data into address and reading data

; : ; ! from "01 h".
| L E . Slave Sub Address
E . . . Write |S Address 0lA o1h A| Data Byte |A|P
SCL : 5 5 ; l
Slave R
Every byte put on the SDA line must be 8-bits long. The Read |S| ,j4ess |1|A| DataByte AP
number of bytes that can be transmitted per transfer is
unrestricted. Each byte has to be followed by an . .
acknowledge bit. Data is transferred with the most d2.) When Sub address is specified
significant bit (MSB) first.
Slave Sub Slave N
D p Address |°/) Address NS Address |1} Data Byte AP
SDA: i . weae . E T T T T
¥ . e l - Start Ack Ack Stop
! | MsSB acknowledgement acknowledgementisri Condition Repeated Condition
P signal from slave  gjgnaj from receivet | Start  paad Mode - 1
v v Condition
P P Acknowledge Bit
b . P Write Mode : 0
's! isr! N J
1Sn ACK ACK 1P Sub-address should be assigned first.
START or STOP or
repeated START repeated START
condition condition
Ver. BEB
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Panasonic

AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

2. Reqgister map

26

; Data
Adsaub RIW R,\elglster Bit
ress ame D7 D6 D5 D4 D3 D2 D1 DO
Name | LD60ON | LD50ON | LD4ON | LD3ON | LD20ON | LD1ON | DD20ON | DD1ON
00h |R/W| CNT
Default 0 0 0 0 0 0 0 0
Name VDC2[3:0] VDC1[3:0]
01h |R/W| DAC1
Default 1 ‘ 1 ‘ 1 ‘ 0 1 0 ‘ 0 ‘ 0
Name VL2[3:0] VL1[3:0]
02h |R/W| DAC2
Default 0 ‘ 0 ‘ 0 ‘ 0 1 0 ‘ 0 ‘ 1
Name VL4[3:0] VL3[3:0]
03h |R/W| DAC3
Default 1 ‘ 1 ‘ 0 ‘ 0 1 0 ‘ 1 ‘ 0
Name VL6[3:0] VL5[3:0]
04h |R/W| DAC4
Default 1 1 1 1 1 0 0 0
Name — — LD6PS LD5PS LD4PS LD3PS LD2PS LD1PS
05h |R/W|PSCNT
Default — — 0 0 0 0 0 0
Name| — . . . . . | LDO1EN
06h |R/W/|ENSEL SEL
Default — — — — — — — 1
LDO6 LDO5 LDO4 LDO3 LDO2 LDO1 DCDC2 | bCDC1
Initial voltage
3.3V 1.8V 28V 26V 1.0V 1.85V 1.85V 1.2V
Ver. BEB



Panasonic

AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

Sub
Address

Register Bit

Data

Name D7

D6

D5

D4

D3

D2

D1

DO

00h

R/W| CNT

Name | LD60ON

LD50ON

LD4ON

LD3ON

LD20ON

LD1ON

DD20ON

DD1ON

Default 0

D7:

D6 :

D5:

D4 :

D3:

D2:

D1:

DO :

LDO6 ON/OFF select register
[0] : OFF (default)
[1]: ON

LDO5 ON/OFF select register
[0] : OFF (default)
[1]: ON

LDO4 ON/OFF select register
[0] : OFF (default)
[1]: ON

LDO3 ON/OFF select register
[0] : OFF (default)
[1]: ON

LDO2 ON/OFF select register
[0] : OFF (default)
[1]: ON

LDO1 ON/OFF select register
[0] : OFF (default)
[1]: ON

DCDC2 ON/OFF select register

[0]: OFF (default)
[1]: ON

DCDC1 ON/OFF select register

[0]: OFF (default)
[1]: ON

27
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Panasonic AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

i Data
Adsal:sss R RNeglff‘t:r ot D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
oth |rwl DACL Name VDC2[3:0] VDC1[3:0]
Default 1 ‘ 1 ‘ 1 ‘ 0 1 ‘ 0 ‘ 0 ‘ 0
D7-4 : DCDC2 Register for output voltage setup D3-0 : DCDC1 Register for output voltage setup
VDC2[3:0] Output voltage VDC1[3:0] Output voltage
D7 | D6 | D5 | D4 Vi D3 | D2 | D1 | DO [vi
0 0 0 0 0.80 0 0 0 0 0.80
0 0 0 1 0.85 0 0 0 1 0.85
0 0 1 0 0.90 0 0 1 0 0.90
0 0 1 1 0.95 0 0 1 1 0.95
0 1 0 0 1.00 0 1 0 0 1.00
0 1 0 1 1.05 0 1 0 1 1.05
0 1 1 0 1.10 0 1 1 0 1.10
0 1 1 1 1.15 0 1 1 1 1.15
1 0 0 0 1.20 1 0 0 0 1.20 (Default)
1 0 0 1 1.30 1 0 0 1 1.30
1 0 1 0 1.40 1 0 1 0 1.40
1 0 1 1 1.50 1 0 1 1 1.50
1 1 0 0 1.65 1 1 0 0 1.65
1 1 0 1 1.80 1 1 0 1 1.80
1 1 1 0 | 1.85 (Default) 1 1 1 0 1.85
1 1 1 1 2.40 1 1 1 1 2.40
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Panasonic AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

i Data
AdeL::SS RIW RNeg:]it:r ot D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
ooh  |rwl DA Name VL2[3:0] VL1[3:0]
petat 0 | o | o | o | 1 | o | o | 1
D7-4 : LDO2 Register for output voltage setup D3-0 : LDO1 Register for output voltage setup
VL2[3:0] Output voltage VL1[3:0] Output voltage

D7 | D6 | D5 | D4 v D3 | D2 | D1 | DO [V

0 0 0 0 | 1.00 (Default) 0 0 0 0 1.00

0 0 0 1 1.10 0 0 0 1 1.10
0 0 1 0 1.20 0 0 1 0 1.20
0 0 1 1 1.30 0 0 1 1 1.30
0 1 0 0 1.40 0 1 0 0 1.40
0 1 0 1 1.50 0 1 0 1 1.50
0 1 1 0 1.60 0 1 1 0 1.60
0 1 1 1 1.70 0 1 1 1 1.70
1 0 0 0 1.80 1 0 0 0 1.80
1 0 0 1 1.85 1 0 0 1 | 1.85 (Default)
1 0 1 0 2.60 1 0 1 0 1.90
1 0 1 1 2.70 1 0 1 1 2.70
1 1 0 0 2.80 1 1 0 0 2.80
1 1 0 1 2.85 1 1 0 1 2.85
1 1 1 0 3.00 1 1 1 0 3.00
1 1 1 1 3.30 1 1 1 1 3.30
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Panasonic AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

i Data
Adsdl:sss RIW nglnit:r ot D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
osh Rl paca Name VLA4[3:0] VL3[3:0]
peatl 1 | 1 | o | o | 1 | o | 1 | o
D7-4 : LDO4 Register for output voltage setup D3-0 : LDO3 Register for output voltage setup
VLA[3:0] Output voltage VL3[3:0] Output voltage
D7 | D6 | D5 | D4 vl D3 | D2 | D1 | DO V]
0 0 0 0 1.00 0 0 0 0 1.00
0 0 0 1 1.10 0 0 0 1 1.10
0 0 1 0 1.20 0 0 1 0 1.20
0 0 1 1 1.30 0 0 1 1 1.30
0 1 0 0 1.40 0 1 0 0 1.40
0 1 0 1 1.50 0 1 0 1 1.50
0 1 1 0 1.60 0 1 1 0 1.60
0 1 1 1 1.70 0 1 1 1 1.70
1 0 0 0 1.80 1 0 0 0 1.80
1 0 0 1 1.85 1 0 0 1 1.85
1 0 1 0 2.60 1 0 1 0 2.60 (Default)
1 0 1 1 2.70 1 0 1 1 2.70
1 1 0 0 | 2.80 (Default) 1 1 0 0 2.80
1 1 0 1 2.85 1 1 0 1 2.85
1 1 1 0 3.00 1 1 1 0 3.00
1 1 1 1 3.30 1 1 1 1 3.30
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Panasonic

AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

R Data
AdSdub RIW RNeglster Bit
ress ame D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
Name VL6[3:0] VL5[3:0]
04h |R/W| DAC4
Default 1 \ 1 1 \ 1 1 \ 0 0 \ 0

D7-4 : LDOG6 Register for output voltage setup

D3-0 : LDO5 Register for output voltage setup

VL6[3:0] Output voltage VL5[3:0] Output voltage
D7 | D6 | D5 | D4 4 D3 | D2 | D1 | DO [V
0 0 0 0 1.00 0 0 0 0 1.00
0 0 0 1 1.10 0 0 0 1 1.10
0 0 1 0 1.20 0 0 1 0 1.20
0 0 1 1 1.30 0 0 1 1 1.30
0 1 0 0 1.40 0 1 0 0 1.40
0 1 0 1 1.50 0 1 0 1 1.50
0 1 1 0 1.60 0 1 1 0 1.60
0 1 1 1 1.70 0 1 1 1 1.70
1 0 0 0 1.80 1 0 0 0 | 1.80 (Default)
1 0 0 1 1.85 1 0 0 1 1.85
1 0 1 0 2.60 1 0 1 0 2.60
1 0 1 1 2.70 1 0 1 1 2.70
1 1 0 0 2.80 1 1 0 0 2.80
1 1 0 1 2.85 1 1 0 1 2.85
1 1 1 0 3.00 1 1 1 0 3.00
1 1 1 1 | 3.30 (Default) 1 1 1 1 3.30
Ver. BEB
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Panasonic AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

i Data
Sub Register Bit

Address Name D7 D6 D5 D4 D3 D2 D1 DO

Name — — LD6PS | LD5PS | LD4PS | LD3PS | LD2PS | LD1PS
Default —_ —_ 0 0 0 0 0 0

05h |R/W| PSCNT

* Please set it to normal mode when LDO starts.

D5 : LDO6 Power save mode select register
[0] : Normal mode (default)
[1] : Power save mode

D4 : LDOS5 Power save mode select register
[0] : Normal mode (default)
[1] : Power save mode

D3 : LDO4 Power save mode select register
[0] : Normal mode (default)
[1] : Power save mode

D2 : LDO3 Power save mode select register
[0] : Normal mode (default)
[1] : Power save mode

D1 : LDO2 Power save mode select register
[0] : Normal mode (default)
[1] : Power save mode

DO : LDO1 Power save mode select register
[0] : Normal mode (default)
[1] : Power save mode
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Panasonic AN30182

A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

3. Reqgister map details

; Data
AdeUb RIW RNeglster Bit
ress ame D7 D6 D5 D4 D3 D2 D1 DO
Name| — o o o . . | LDO1EN
06h |R/W/| ENSEL SEL
Default — — — — — — — 1
DO : LDO1ENSEL
[0] : LDO1ON control invalid
[1] : LDO1ON control valid (default)
Ver. BEB
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Panasonic

AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

4. Timing Chart (Sequence — 1 (DVDD input externally))

VBAT
(External input signal)

REF
(IC output signal)

VREG
(IC output signal)

REGW
(IC inner signal)

DVDD
(External input signal)

DVDD
DET
(IC inner signal)

RESET
(External input signal)

LDO1ON
(External input signal)

oscC
(IC inner signal)

VLDO1
(IC output signal)

VLDO
2/3/4/5/6
(IC output signal)

DCDC1
DCDC2
(IC output signal)

A

1.24

\'

2.4V

22v—~2

2.1V

1.4V

12C acceptance start

S

DVDD_DET:High and RESET:High

=12C

acceptance ON

12C acceptance stops

DVDD_DET:Low and RESET:Low
= 12C acceptance OFF

All registers are initialized
(LDO and DCDC are turned off)

A

N

@ 150

S

>

v

/

\

at DCDC-start  at LDO-start
PS&NM PS&NM
LDOL1 starts in NM made Pin LDO1 stops 12C starts 12C stops
LDO* stop is possible
Pin LDOL1 starts even in PS mode
: NM PS |NM NM PS NM
A
12C input 12C starts 12C input 12C stops
MM PS NM\
12C starts 12C stops

34
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Panasonic AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

4. Timing Chart (Sequence — 2 (LDO1ON = fixed VBAT))

VBAT

(External input signal)
1.2V \_0.45 Vv

REF
(IC output signal) 1.24V

VREG 24V

(IC output signal) _/
2.2V

21V

REGW
(IC inner signal)

DVDD
(External input signal) L
1

5V 1.4V

DVDD
DET
(IC inner signal)

12C acceptance starts 12C acceptance stops
RESET /
(External input signal)

DVDD_DET:High and RESET:High
=12C acceptance ON

LDO1ON

(External input signal) /
12V \<0.45 v
A
osc at DCDC-start at LDO-start
(IC inner signal) +
A
VLDO1 LDOL1 starts in NM mode 12C stops 12C starts Pin LDO1 stops
(IC output signal) Pin LDO1 starts \ /
NM \ i/ NM \\
VLDO 4
2/3/4/5/6 12C starts 12C stops

(IC output signal)
NM

DCDC1 12C starts | @ 150 ps 12C stops

DCDC2 < > Y
(IC output signal) \ / \
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Panasonic

AN30182A

OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

4. Timing Chart (Sequence — 3 (VLDO1 = connected DVDD))

VBAT
(External input signal)

REF
(IC output signal)

VREG
(IC output signal)

REGW
(IC inner signal)

DVDD:VLDO1
(External input signal)

DVDD
DET
(IC inner signal)

RESET
(External input signal)

LDO1ON
(External input signal)

oscC
(IC inner signal)

VLDO1
(IC output signal)

VLDO 4

2/3/4/516
(IC output signal)

DCDC1
DCDC2
(IC output signal)

1.24V

2.4V

22V v

2.1V

|\

A

12C acceptance starts

DVDD_DET:High and RESET:High
= 12C acceptance ON

cceptance stops

DVDD_DET:Low and RESET:Low
= 12C acceptance OFF

at LDO-start

at DCDC-start
v
l

s
Pin LDOL1 starts

VLDOL1 is connected directly with DVDD

Pin LDO1 stops;

\

—1.5V

12C starts

e

12C stops

12C starts! @ 150 s

/

12C stops
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OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

5. DC-DC Protection Operation

< Operation explanation >

(1) The Overcurrent protection operates
at about 1 A (Typ).
(2) The Ground protection sequence is implemented
when the output voltage decreases to about 70%

6. DAC Voltage Accuracy

of the set voltage.
(3) The Ground short protection operates intermittently.

(2 ms: ON, 16 ms : OFF)

DCDC1 (VBAT = 3.7 V, lout = 300 mA)

Overcurrent protection (about 1 A)
'

Output voltage [V]

Ground short protection

hysteresis

.\.

i

i

i
i

«—

\ !
Internjittent operation area |
; : Pendency characteristic

[

‘about 150’ mA

b

Ground short protection
about 70% of Vout

- »
Output current [A]

Operation explanation chart

DCDC2 (VBAT = 3.7 V, lout = 300 mA)

VDC1[3:0] Output voltage | Accuracy VDC2[3:0] Output voltage | Accuracy
D3 | D2 | D1 | DO N [%] D3 | D2 | D1 | DO V] [%]
0 0 0 0 0.80 +5.0 0 0 0 0 0.80 +8.5
0 0 0 1 0.85 5.0 0 0 0 1 0.85 +6.5
0 0 1 0 0.90 4.5 0 0 1 0 0.90 +6.5
0 0 1 1 0.95 +4.0 0 0 1 1 0.95 6.0
0 1 0 0 1.00 +4.0 0 1 0 0 1.00 +6.0
0 1 0 1 1.05 +4.0 0 1 0 1 1.05 +6.0
0 1 1 0 1.10 +3.5 0 1 1 0 1.10 5.5
0 1 1 1 1.15 +3.5 0 1 1 1 1.15 +5.5
1 0 0 0 | 1.20 (Defaulty | +2.5 1 0 0 0 1.20 +3.0
1 0 0 1 1.30 +3.0 1 0 0 1 1.30 +3.0
1 0 1 0 1.40 +3.0 1 0 1 0 1.40 +4.0
1 0 1 1 1.50 +3.0 1 0 1 1 1.50 +3.0
1 1 0 0 1.65 +3.0 1 1 0 0 1.65 +3.0
1 1 0 1 1.80 +3.0 1 1 0 1 1.80 +4.0
1 1 1 0 1.85 +3.0 1 1 1 0 1.85 (Default) +2.5
1 1 1 1 2.40 +3.0 1 1 1 1 2.40 +3.0
Ver. BEB
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OPERATION ( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

6. DAC Voltage Accuracy (continued)

LDO VBAT = 3.7V (Normal-mode : lout = 150 mA, PS-mode : lout =5 mA)

VL1[3:0] Accuracy [%]
Output voltage Normal-mode PS-mode
D3 | D2 | DI | DO vl
LDO1 LDO2to 6 LDO1 LDO2 to 6

0 0 0 0 1.00 15.0 5.0 15.0 5.0
0 0 0 1 1.10 +4.5 +4.5 +4.5 4.5
0 0 1 0 1.20 +4.0 +4.0 +4.0 +4.0
0 0 1 1 1.30 +4.0 +4.0 +4.0 +4.0
0 1 0 0 1.40 +3.0 +3.0 +3.0 +3.0
0 1 0 1 1.50 +3.0 +3.0 +3.0 +3.0
0 1 1 0 1.60 13.0 +3.0 13.0 +3.0
0 1 1 1 1.70 +3.0 +3.0 13.0 +3.0
1 0 0 0 1.80 +3.0 +3.0 +3.0 +3.0
1 0 0 1 1.85 2.5 2.5 2.5 2.5

1.90 2.5 — 2.5 —
1 0 1 0

2.60 — +3.0 — +3.0
1 0 1 1 2.70 +3.0 +3.0 +3.0 +3.0
1 1 0 0 2.80 +3.0 +3.0 +3.0 +3.0
1 1 0 1 2.85 +3.0 +3.0 +3.0 +3.0
1 1 1 0 3.00 +3.0 +3.0 +3.0 +3.0
1 1 1 1 3.30 +3.0 +3.0 13.0 +3.0

38 Ver. BEB



Panasonic AN30182A

APPLICATION INFORMATION

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

1.Application Circuit and Evaluation Board

DVDD VIN2 DDVBAT2 DDVBAT1

L pcbcouTi
— scL FB1 CDCDCOUT1
_ DCDCGND1 —)i

ASEL DCDCOUT2

LX2

Lg

FB2 CDCDCOUTL
DCDCGND2 —i
<«—8- LDO4 LDO1 - @—>
coum; AN30182A ’.I’.’coun
<«—@-{ LDO5 LDO2 |- 9—>
couTs I ’.I’.’coun
<«—9- LDOS6 LDO3 -9—>
couTe couTs
77| VREG REF RESET LDO1ON AGND |
CVREGi i [ [ .
CREF

Figure : Application Circuit

. o= LDOION_VDD RESET_VDD DVDD_SL 000 . . s e . . iy » 2=00va , 00¥_norog .
o o 2" W
COM_GND aH2_MOD .sm -
2P B ‘m- - = . - ee QIV_TIH ; ®
@ - . B .mavnﬂ aee @ o®
-r uuvam 16 DOGND2
5 . . L
nnvaa'ﬁ. @ . . . .sum)uﬂ .swa\mu ve s @@
. ovoo vouT . vout2 . . ® ®e
" *your i - - VOUTZ_F1 eTUOY| flov . 1
Bl ool @ L %R
vuun 5 VOUTECS ® ®.® ®
.j- Lali &L# "‘| ® Al « [OH] &5 ®
I-:--_I'R? m@ Eﬁﬁﬂs - ® : *
I '_. .s e aoon 1 i ® -
a L ._ u, - . ~
vw‘ 8 5 ® ®
i ict 2 - [ ] - -
: AN30182A ~ I;‘ - ST DR AGHD i
Panasonic __ - - I
.aSEL LI)CHON RESET UIE Ill uI I ”EI IE uI "‘I - - - - - - - - .
® @ ®
. @@@@@@@@ SRORCRCRCRCRORG
8 g 3 Lo~ S S ® ® ®
3 = : £ = ® ® & @ ® & @ & & o o
: dT T 4T 4T & DI
5 - Yt 5 i g . . . . . . . .
sw_AszL sw e t5 8 £ s '3 S
Figure : Top Layer with silk screen Figure : Bottom Layer with silk screen
( Top View ) with Evaluation Board ( Bottom View ) with Evaluation Board

Notes) This application circuit and layout is an example. The operation of mass production set is not guaranteed. You should perform
enough evaluation and verification on the design of mass production set. You are fully responsible for the incorporation of the
above application circuit and information in the design of your equipment.
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APPLICATION INFORMATION( Continued )

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

2.RECOMMENDED COMPONENT

Reference Designator | QTY Value Manufacturer Part Number

C1 1 4.7uF Murata GRM21BB31C475KA87
Cc2 1 4.7uF Murata GRM21BB31C475KA87
Cvi 1 4.7uF Murata GRM21BB31C475KA87
VC2 1 4.7uF Murata GRM21BB31C475KA87
CD1 1 0.1pF Murata GRM188B11C104KA01

L1 1 1.0 yH FDK MIPSZ2012D1R0O
CDCDCOUT1 1 4.7uF Murata GRM21BB31A475KA74

L2 1 1.0 uH FDK MIPSZ2012D1R0O
CDCDCOUT2 1 4.7uF Murata GRM21BB31A475KA74
COuUT1 1 1.0pF Murata GRM185B31A105KE35
COouT2 1 1.0pF Murata GRM185B31A105KE35
COuT3 1 1.0pF Murata GRM185B31A105KE35
COuT4 1 1.0pF Murata GRM185B31A105KE35
COUT5 1 1.0pF Murata GRM185B31A105KE35
COUT6 1 1.0pF Murata GRM185B31A105KE35
CVREG 1 1.0uF Murata GRM185B31A105KE35
CREF 1 1.0pF Murata GRM185B31A105KE35

Figure : Recommended Component
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PACKAGE INFORMATION ( Reference Data )

Outline Drawing

Package Code : XBGA025-W-2222AEL Unit:mm
72.15+0.05
D
O o B
A D
N D
D
o g J J
SEATING PLANE / (Ofoos[s] 2| g
o L
=~
.
(0.275) ‘ 90.22+0.05 F6 750 06@ 5[ A8]
|
cldodbdo
D obdoo
= —Hooeoo+———
= B
A

(0.275)

Body Materia | : Br/Sb Free Epoxy resin

Reroute Material : Cu

Bump . SnAgCu
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IMPORTANT NOTICE

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

requirements.
2.When using the LSI for new models, verify the safety including the long-term reliability for each product.

3.When the application system is designed by using this LSI, be sure to confirm notes in this book.
Be sure to read the notes to descriptions and the usage notes in the book.

4.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 de-scribed in this book.

5.This book may be not reprinted or reproduced whether wholly or partially, without the prior written permission of
our company.

6.This LSl 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 LS| 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 automobile, 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
Itis 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 LSI described in this book for any special application, unless our company agrees
to your using the LSl in this book for any special application.

7.This LSl is neither designed nor intended for use in automotive applications or environments unless the specific
product is designated by our company as compliant with the ISO/TS 16949 requirements.
Our company shall not be held responsible for any damage incurred by you or any third party as a result of or in
connection with your using the LSI in automotive application, unless our company agrees to your using the LSl in
this book for such application.

8.1f 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.

9. Please use this product 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 your using the LSI not
complying with the applicable laws and regulations.
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USAGE NOTES

1. 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.

2. 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.

. Pay attention to the direction of LSI. When mounting it in the wrong direction onto the PCB (printed-circuit-board),

it might smoke or ignite.

. 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.

. Perform a visual inspection on the PCB before applying power, otherwise damage might happen due to

problems such as a solder-bridge between the pins of the semiconductor device. Also, perform a 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 LSI during transportation.

6. Take notice in the use of this product that it might break or occasionally smoke 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) .

And, safety measures such as an installation of fuses are recommended because the extent of the above-
mentioned damage and smoke emission will depend on the current capability of the power supply.

7. 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 LSI might be damaged before the thermal protection circuit could operate.

. Unless specified in the product specifications, make sure that negative voltage or excessive voltage are not

applied to the pins because the device 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.

9. The product which has specified ASO (Area of Safe Operation) should be operated in ASO

10.
11.

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

Connect the metallic plates on the back side of the LSI with their respective potentials (AGND, PVIN, LX). The
thermal resistance and the electrical characteristics are guaranteed only when the metallic plates 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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