Panasonic

AN30183A

600mA Synchronous DC-DC Step Down Regulator (1ch)
300mA LDO Regulator (4ch)
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 : 1-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 : 4-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)
® 20 pin Wafer Level Chip Size Package (WLCSP)
(Size : 1.56 mm x 2.06 mm, 0.4 mm Pitch)

APPLICATIONS

Mobile phone, Portable appliance, etc

DESCRIPTION

AN30183A is a multi power supply LSI which has High-

Speed Response DC-DC Step Down Regulators (1-ch)
and LDO Regulators (4-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
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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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AN30183A

ABSOLUTE MAXIMUM RATINGS

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

DVDD 3.6 \Y, *1
Output Current Iin — A *1
Operating free-air temperature Topr —-30to+85 °C *2
Operating junction temperature T —30to + 150 °C *2
Storage temperature Tsig —55to0 + 150 °C *2
RESET,LDO10ON,FB1, *1
REGCNT —0.3t0 Vygar + 0.3 \Y, 3

Input Voltage Range

*

SCL,SDA,ASEL ~0.3to DVDD +0.3 v -
LX1,VREG,REF,SDA *1
Output Voltage Range LDO1,LDO2,LDO3,LDO4 —0.3t0 Vygar + 0.3 \% 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 = VB = VIN2, (Vg + 0.3) V must not be exceeded 6 V.

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

POWER DISSIPATION RATING

PACKAGE

6JA

PD(Ta=25°C) | PD(Ta=85°C)

Notes

(WLCSP Type)

20 pin Wafer level chip size Package

359.0°C/W

0.348 W 0.181 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.

b CAUTION

Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the MOS gates

{ {, Although this has limited built-in ESD protection circuit, but permanent damage may occur on it.
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AN30183A

RECOMMENDED OPERATING CONDITIONS

Parameter Pin Name Min. Typ. Max. Unit | Notes
VB 2.5 3.7 55 \% *1
Supply voltage range VINZ 25 37 > v -
DDVBAT1 25 3.7 55 \% *1
DVDD 1.7 1.85 3.0 \% *1
RESET -0.3 — Vygar + 0.3 % *2
LDO1ON -0.3 — Vygar + 0.3 \ *2
REGCNT -0.3 — Vygar + 0.3 v *2
Input Voltage Range FB1 -03 — Vygar + 0.3 % *2
SCL -03 — DVDD + 0.3 \ *2
SDA -0.3 — DVvDD + 0.3 \% *2
ASEL -0.3 — DVvDD + 0.3 \% *2
LX1 -03 — Vygar + 0.3 Y% *2
VREG -03 — Vygar + 0.3 \ *2
REF -0.3 — Vygar + 0.3 v *2
SDA -0.3 — DVvDD + 0.3 \% *2
Output Voltage Rang
VLDO1 -03 — Vygar + 0.3 % *2
VLDO2 -03 — Vygar + 0.3 \ *2
VLDO3 -0.3 — Vygar + 0.3 v *2
VLDO4 -03 — 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
Vygar i Voltage for DDVBAT1 = VB = VIN2.
*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. (DVDD + 0.3) V must not be exceeded 3.6 V.

Ver. AEB




Panasonic

AN30183A

ELECRTRICAL CHARACTERISTICS
Vyear(DDVBAT1 = VB = VIN2) = 3.7V, DVDD = 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, LDO1-4 = ON — 240 400 HA | —
. . DCDC1, LDO1-4 = OFF
Static consumption current IBAT_3 RESET = “L" — 0.1 1.0 HA | —
Ver. AEB
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ELECRTRICAL CHARACTERISTICS (Continued)
Vysar(DDVBATL = VB = VIN2) = 3.7V, DVDD = 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 — 4 ( 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 — 4 ( 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 =-10puA > -5mA -5 20 50 mVvV | —
VB=3.1V—>45V
Line regulation VLDOLRPS |ILDO =-5mA -25 0 25 mV | —
Vout = 1.85 V setting
Ver. AEB
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AN30183A

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

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

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

. Limits i
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 DvDCDC1 Vout = 1.2 V setting — 25 45 mV | —
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 | —
1/0 characteristics of control terminal (RESET, LDO10ON, REGCNT)
Low input voltage VIL1 Voltage recognized as low level — — 0.45 VvV | —
High input voltage VIH1 Voltage recognized as high level 1.2 — — vV | —
Input pull-down resistance PDR1 — 1 3 6 MQ | —
1/0 characteristics of control terminal (ASEL)
Low input voltage VIL2 Voltage recognized as low level — — \:(DE)’D:? vV | —
High input voltage VIH2 Voltage recognized as high level \>/<D(\)/D7D — — vV | —
Ver. AEB
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APPLICATION INFORMATION
REFERENCE VALUES FOR DESIGN
Vyear(DDVBATL1 = VB = VIN2) = 3.7V, DVDD = 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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APPLICATION INFORMATION (Continued)

REFERENCE VALUES FOR DESIGN
Vyear(DDVBATL = VB = VIN2) = 3.1V to 4.5V, Vp,pp = 1.85V, DC-DC: Co = 4.7 pF, Lo=1 uH/LDO : Co =1.0 uF
T, =25°C £ 2 °C unless otherwise noted.

Reference values

Parameter Symbol Conditions Unit | Notes

Min ‘ Typ ‘ Max

LDO1 - 4 ( 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 HA | *2
VIN2 > Vout + 0.1 V

1/0 voltage difference VSATLDO |ILDO =-300 mA 0.3 — — V| *2
AVB=37V+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=-10pA < —-100mA | — 30 150 | mV | *2

LDO1 — 4 ( Power Save Mode ) - (LDO Regulator)

ILDO =-5mA R
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=37V+0.15V

Ripple rejection VLDOPSRR |ILDO =-5 mA — -10 -5 aB | *2
fvin = 100 Hz to 10 kHz
o VB=3.7V *
Short-circuit current ISTLDOPS VLDO = 0 V 5 20 40 mA | *2

Notes) *2 :Checked by design, not production tested.
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APPLICATION INFORMATION (Continued)
REFERENCE VALUES FOR DESIGN

Vygar(DDVBATL = VB = VIN2) = 3.1V to 4.5V, DVDD = 1.85V , DC-DC : Co = 4.7 pF, Lo = 1 pH / LDO : Co =1.0 uF

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 1.170 | 1.200 | 1.230 | V 2
Consumption current on active | IREGDCCD1 | IDCDC1 =0 mA 10 25 40 LA | *2
From FB1 x 100% to FB1 x
Output over current limit ILIMDCDC1 | 70% — 1.0 1.2 A | *2
VB=3.7V
DDVBAT1=34V
Efficiency 1 EFFDCDC11 | VDCDC1=2.4V 85 90 — % | *2
IDCDC1 = - 150 mA
DDVBAT1=3.7V
Efficiency 2 EFFDCDC12 |VDCDC1=1.2V 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
Notes) *2 :Checked by design, not production tested.
Ver. AEB
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APPLICATION INFORMATION (Continued)

REFERENCE VALUES FOR DESIGN
Vyear(DDVBATL = VB = VIN2) = 3.1V to 4.5V, DVDD = 1.85V, DC-DC : Co =4.7 pF, Lo=1 pH/LDO : Co =1.0 uF
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 Vhys1 Hysteresis 1 of SDA, SCL Vovoo 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 Vi max Tof lo <6 MA (Ve = 0.6 V) 0.1xC, 250 ns 2
Ip : Max. sink current
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 | 72
Data hold time tHD-DAT — 0 — 0.9 us | *2
Data set-up time tsu-DAT — 100 — — ns | *2
Rise time of both SDA 20 + .
and SCL signals & o 01xCy 300 | ns | 72
Fall time of both SDA 20+ .
and SCL signals t - 01xCy 300 | ns | "2
Set-up time of STOP condition tsu:sto — 0.6 — — us | *2
Bus free time between STOP .
and START condition teur o 1.3 o — s
Notes) *2 :Checked by design, not production tested.
Ver. AEB
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Panasonic AN30183A

APPLICATION INFORMATION (Continued)
REFERENCE VALUES FOR DESIGN

Vygar(DDVBATL = VB = VIN2) = 3.1V to 4.5V, DVDD = 1.85V , DC-DC : Co = 4.7 pF, Lo = 1 pH / LDO : Co =1.0 uF

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

. Reference values i
Parameter Symbol Conditions Unit | Notes
Min ‘ Typ ‘ Max
I2C 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 . . Vv *2
each connected device nH VovoD *3

Consumption current
DDVBAT1 = VB = VIN2
. . =37V .
Static consumption current 2 IBAT_4 DCDCL, LDOL to 4 = OFF — 8 17 UA 2
RESET=“H"
Notes) *2 :Checked by design, not production tested.
*3 :The timing of Fast-mode devices in 12C-bus is specified as the following.
All values referred to Vi, and V, .., level.
son [ W VT
TR tsupar s Hetupsta T tep tor Tour i
SCL X - ; __-_/; g\____f Pl ; \_
T, U tsusTA>—te tsusTo>——¢ | D
HDISTA thp;pAT thicH " L Sr P P P S
S : START condition
Sr: Repeat START condition
P : STOP condition
Notes) *2 :Checked by design, not production tested.
Ver. AEB
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PIN CONFIGURATION

TOP VIEW

] REG @_DVDD -
5 4 3 2 1
PIN FUNCTIONS
Pin No.| Pin name Type Description
Al | VIN2 Power Supply Input for LDO3 and LDO4
A2 |VLDO3 Output LDOS3 output
A3 |LDO1ON Input LDO1 ON/OFF control
A4 | VLDO2 Output LDO2 output
A5 | VB Power Supply Input for LDO1, LDO2 and other VB
Bl |VLDO4 Output LDO4 output
B2 |DVDD Power Supply Power supply for Logic
B3 |ASEL Input I2C slave address select
B4 |VREG Output Reference output
B5 |VLDO1 Output LDO1 output
Cl |REF Output Reference output
C2 | REGCNT Input Control to select power setting
C3 |AGND Ground GND
C4 |FB1 Input DCDCL1 voltage feedback
C5 |DDVBAT1 Power Supply DCDCL1 input
D1 |RESET Input Reset input for Logic
D2 |SCL Input 12C clock input
D3 |SDA Input/Output I2C data input/output
D4 | DDGND1 Ground GND
D5 |LX1 Output DCDC1 switching

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

12
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FUNCTIONAL BLOCK DIAGRAM
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Notes) e This application circuit is an example. The operation of mass production set is not guaranteed.
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3 MQ
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1.0to0 3.3V /300 mA (min)
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1.0 to 3.3V /300 mA (min)

B1

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.
o This block diagram is for explaining functions. Part of the block diagram may be omitted, or it may be simplified.
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AN30183A
TYPICAL CHARACTERISTICS CURVES

(1) Output Ripple Voltage of DC-DC1
Vin=3.7V,DC-DC1_Vout=12V,L1=1pH, CDCDCOUT1 =4.7 pF

DC-DC1, lout = OmA

,
1

i
Chi 20.0&11'\.@5»4' e M\'z.'o.drﬁé\' .A.| Ch3 & 720mV]
EE zoovo
DC-DC1, lout = 100mA
| [ iy ]

Vout

LX1
Ch1| ZEO.OmVQM E : M| 400nhs | EA| chiz S 720mv|
200V E
DC-DC1, lout = 600mA
. | [ i ]
Vout

LX1

Chi 20.0mvas
Z.00V 0

“M400ns| A Chz 7 720mV]
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Panasonic AN30183A

TYPICAL CHARACTERISTICS CURVES (Continued)

(2) Load Transient of DC-DC1
Vin=3.7V,DC-DC1_Vout=12V,L1=1pH, CDCDCOUT1 =4.7 pF

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

e
: : A 16.0mv
@: —-34.0mv

Vout

TM20.00s A ChZ 7 440mA

Ch3[ 500mAQ

DC-DC1, lout = 500mA to 10pA
(AT:SOOmNusec)

4 : : : Al 4.60mv
@: 1.80mVv

lout

Ml 10.0mve M[20.00s| A] Ch3 . 440mA,
Ch3[ 500mAc
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TYPICAL CHARACTERISTICS CURVES (Continued)

(3) Efficiency of DC-DC1
Vin=3.7V,DC-DC1_Vout=12V,L1=1puH,CDCDCOUT1 =4.7 pF

Efficiency [%0]
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| S E— _—H\
/
- — x

— \
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Vout=1.8V

— Vout=2.4V

10 100

Load Current [mA]

1000
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TYPICAL CHARACTERISTICS CURVES (Continued)

(4) Load Regulation of DC-DC1
Viny=3.7V,DC-DC1 Vout=12V,L1=1pH, CDCDCOUT1 =4.7 pF

Load Regulation of DC-DC1

1.4

1.35

13

1.25

1.2

1.15
11

VDCDCOUT1 [V]

1.05 -

0 100 200 300 400 500 600
Load Current [mA]
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TYPICAL CHARACTERISTICS CURVES (Continued)

(5) Line Regulation of DC-DC1
lout = 300mA, DC-DC1_Vout=1.2V,L1=1pyH, CDCDCOUT1 =4.7 yF, V= 2.4V to 5.5V

Line Regulation of DC-DC1

1.4

1.35 -

1.3

1.25 -

12 ¢

1.15

DCDCOUTL1 [V]

11 ¢

1.05 -

2 2.5 3 3.5 4 4.5 5 5.5 6

VIN [V]
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TYPICAL CHARACTERISTICS CURVES (Continued)

(6) Start Up & Shut Down of DC-DC1
Vin=3.7V,DC-DC1_Vout=12V,L1=1puH, CDCDCOUT1 =4.7 pF

DC-DC1, RDCDCOUT1 = No Load
|Star’[ Ler .

1 ]
T 1
e D AL 10y
§ : ' : : : @ 1.06V
s D A 334ps
X X X I . . . @ 422us
| O -
VDCDCOUT1
75— b st
I2C Signal: :
iy | : bbb
Ef *
@ toovea | M[100ps| A Ch3 7 440mV

Ch3| 2.00VQ

DC-DC1, RDCDCOUT1 = No Load
‘Shut [?OWD

Il ]

I} 1
O e TA: 112V
: : 1@ 120my
T 1AL 9.20ms
X : 1 1@ 9.20ms

D 3

VDCDCOUT1

I°C Signal S :
ol 1.o0ve M4.00ms A Ch3 5 4d40mv
ch3[ 200V e
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TYPICAL CHARACTERISTICS CURVES (Continued)

(7) Start Up & Shut Down of DC-DC1 (Continued)
Vin=3.7V,DC-DC1_Vout=12V,L1=1puH, CDCDCOUT1 =4.7 pF

DC-DC1, RDCDCOUT1 = 4Q
‘Start Up

I 1
I 1

v

DC-DC1, RDCDCOUT1 =4Q
‘Shut [r)owg

.

ol Toove M 100us A Chi 4 440mvi
ch3[ 2.00va

Bk 8k

&k 8k

1.16 ¥
112V

4165
502us

1.08V
120mv

44.8us
130us
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TYPICAL CHARACTERISTICS CURVES (Continued)

(8) Short Protection of DC-DC1
V\y=3.7V,DC-DC1 Vout=1.2V,L1=1pH, CDCDCOUTL = 4.7 pF

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

21
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TYPICAL CHARACTERISTICS CURVES (Continued)

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

(10) Frequency of DC-DC1
Vin=3.7V,DC-DC1_Vout=12V,L1=1puH, CDCDCOUT1 =4.7 pF

DC-DC1, lout = OmA

T AL IRRRAUAEIERE EEEEIERY ERREFEARRI
Chi| 20.0m\;m4 M[2.00ms EA| ch3 r E?20mv\
200V Q
DC-DC1, lout = 300mA
e f i }— ]
- e A T60my
V. t H @: —600mVY
OU ........... e LA 3.13MHz
H @: 1.05MHz
[T o ¥ s A ot SO P Pt g p P p
LX1
Chi| ZEO.OmGQM M| 400ns | EA| ch3 r E?20mv|
200V e
i
DC-DC1 , lout = 600mA
o : i — ]
 S— 1A 000y
V. t . H- . j@: —-1.00V
ou M 3.57MHz
@: 912kHz

LX1

chil 20.0mves] M 400ns| A Ch3 7 720mV|

200V ¢
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Panasonic AN30183A

TYPICAL CHARACTERISTICS CURVES (Continued)

(11) Frequency of DC-DC1 (Continued)
IOUT = 300mA, DC-DC1_Vout=1.2V,L1=1pH, CDCDCOUT1 = 4.7 pF

DC-DC1, VIN = 2.5V

= . |

iT

0.00 V
1.04 v
258 Hz
120 Hz
LX1
Chil 20.0mvers) M[2.00ms A Ch3 £ 720mv|
2.00V
DC-DC1, VIN =3.7V
| [ i 1 ]
T i Ar 160mV
H @: —-600mv
Vout : A: 3.13MHz
: @ 1.05MHz
[T o e g A S At P et o
:
T S | .
chi 20.0mvas) M[400ns| A Chi J 720mVi
2.00 V2
DC-DC1, VIN = 5.5V
| F i — ]
e m——— Yt bonv
: 1@ —ioov
Vout 1A 3.57MHz
@: 912kHz

LX1

Chil 20.0mve) M[400ns A Chi 4 720mv]

2.00V 0
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AN30183A

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

Every byte put on the SDA line must be 8-bits long. The
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
significant bit (MSB) first.

1
'
---A

MSB acknowledgement

: acknowledgement:™ |
signal from slave

signal from receivet

:

S AL AL &
sc;-‘\_/;\_/;\_w 7UgUo 1Uolg -4l or
ACK P

:_S’_r.' ACK ]
START or STOP or
repeated START repeated START

condition condition

d.) Data format

Slave Address

Pin ASEL | A6 | A5 | A4 | A3 | A2 | A1 | A0 | RIW Hex
Low 1 1,1]0,0]1]0 X 6Eh
High 1 1/ 1]0/ 0111 X 6Fh

Write mode

S| Slave Address |W|A| Sub Address |A| DataByte |A|P
Start ) TAck 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 ‘K ‘ P |
Start Ack Stop
Condition Read mode : 1 condition

Ex) When writing data into address and reading data

from "01 h".
. Slave Sub Address
Write |S Address 0|A o1h A| Data Byte |A|P
Read |S Slave 1|A| Data Byte ; P
nead Address Y

d2.) When Sub address is specified

Slave Sub Slave N
Address OA Address AS Address 1A Data Byte /AP
Start AckT Ack Stop
Condition Repeated Condition
Start .
Condition Read Mode : 1
Acknowledge Bit
Write Mode : 0
N J
Y

Sub-address should be assigned first.
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AN30183A

OPERATION ( Continued )

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

2. Reqgister map

. Data
dSdub RIW Register Bit
Address Name D7 D6 D5 D4 D3 D2 D1 DO
Name — — LD4ON | LD3ON | LD20ON | LD1ON — DD1ON
00h R/W CNT
Default 0 0 0 0 0 0 0 0
Name — 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 VLA4[3:0] VL3[3:0]
03h R/W DAC3
Default 1 1 0 0 1 0 1 0
Name GPLD4 | GPLD3 | GPLD2 — GPDD — — GPEN
04h R/W | GROUP
Default 1 1 1 1 1 0 0 0
Name — — — — LD4PS LD3PS LD2PS LD1PS
05h R/W | PSCNT
Default — — 0 0 0 0 0 0
Name o o o . o o __ |LDOI1EN
o6h | RIW | ENSEL SEL
Default — — — — — — — 1
— — LDO4 LDO3 LDO2 LDO1 — DCDC1
Default Voltage
— — 2.8V 2.6V 1.0V 1.85V — 1.2V
Ver. AEB
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AN30183A

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

R/W

Register Bit

Data

Name D7 D6

D5

D4

D3

D2

D1

DO

00h

R/W CNT

Name — —

LD4ON

LD3ON

LD20ON

LD1ON

DD1ON

Default 0 0

D5:

D4 :

D3 :

D2 :

DO :

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

DCDC1 ON/OFF select register
[0] : OFF (default)
[1]: ON
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Panasonic AN30183A

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
Adsdl:gss RIW RNeglfit:r Bl D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
Name — VDC1[3:0]
01lh R/W | DAC1
Default 1 \ 1 \ 1 \ 0 1 \ 0 \ 0 ‘ 0

D3-0 : DCDC1 Register for output voltage setup

VDC1[3:0] Output voltage
D6 D5 A

0.80
0.85

Q
~
@)
=

0.90
0.95
1.00

1.05
1.10
1.15
1.20 (Default)
1.30
1.40
1.50
1.65
1.80
1.85

Frlr|lr P |lPr|lP|P|rP|lo|lo|lo|lo|o|o|o|o
Rrlr|lr|r|lojlo|lo|o|r |||l |lo|lo|o o
r|lr|lololr|r|lo|lo|r|rP|lo|lo|r|r|o]|o
r|lo|lr|lolr|lOo|r|Oo|r|lo|lrRr|lOo|r|o|r o

2.40
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Panasonic AN30183A

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:gss R nglnit:r ot D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
ozh rw | DAc? Name VL2[3:0] VL1[3:0]
Default 0 ‘ 0 ‘ 0 ‘ 0 1 ‘ 0 ‘ 0 ‘ 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 [Vl

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 AN30183A

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
Adsg:gss RIW R'S‘glr?‘t:r ot D7 \ D6 \ D5 \ D4 D3 \ D2 \ D1 \ DO
03h aw | Dacs Name VLA4[3:0] VL3[3:0]
Default 1 ‘ 1 ‘ 0 ‘ 0 1 ‘ 0 ‘ 1 ‘ 0
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 Vi 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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AN30183A

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

R/W

Register Bit

Data

Name D7 D6

D5

D4

D3

D2

D1

DO

04h R/W | GROUP

Name | GPLD4 | GPLD3

GPLD2

GPDD

GPEN

Default 1 1

* Please set it to normal mode when LDO starts.

D7 :

D6

D5:

D3:

DO :

External pin ON/OFF control for LDO4 select register

[0]: 12C control
[1]: External pin control (default)

[0]: 12C control
[1]: External pin control (default)

: External pin ON/OFF control for LDO3 select register

External pin ON/OFF control for LDO2 select register

[0]: 12C control
[1]: External pin control (default)

External pin ON/OFF control for DCDCL1 select register

[0]: 12C control
[1]: External pin control (default)

External pin control permit register
[0] : External pin control valid (default)
[1]: External pin control invalid
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Panasonic AN30183A

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

<REGCNT pin control — set up method>

(1) REGCNT Pin Control setup (excluding LDO1)
@ [nitial setup

1) Select the LDO/DCDC to be controlled by REGCNT
(Address:04h Single Bit from D7-5, D3 should be set to “H")
SetDOto “H”

2) Setthe LDO/DCDC Startup register mentioned above in @O to “H”
(To control LDO1 set Address:00h D2:LDO1ON to “H”)
Set the LDO to be controlled to Normal Mode (Address:05h Default)

® Startup Control

3) LDO/DCDC selected in 1) above will startup when REGCNT is set to “H”
Power Save Mode for the LDO can be controlled by the 12C
When the Startup register mentioned in 2) above (Address:00h) is set to “L”, the LDO/DCDC will turn off.
4) The Startup for LDO/DCDC not selected in 1) can also be controlled by the I1>C
5) To turn off the LDO mentioned in 1) above, set the REGCNT to “L".
When the LDO is turned OFF in the Power Save Mode, reset Address:05h to Normal Mode before turning on
the LDO using the REGCNT pin.

® Example Using the REGCNT pin to control LDO2 and LDO3

1) ADDRESS 04h : DATA 61h

2) ADDRESS 00h : DATA 18h

3) Set REGCNT pin “L” to “H” : LDO2,3 Startup

4) Use I?C to control the Output Voltage and Power Save Mode settings
5) To stop LDO2 and LDO3, Set REGCNT from “H” to “L”

(2) Control using the I12C only

® Initial Setup
No special settings required after RESET
(ADDRESS 04h Bit DO set to “L)

® (Startup control)
The REGCNT pin should be set to “L” when using the I2C for LDO/DCDC Startup/Shutdown, Power Save Mode

and Output Voltage Setup.
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AN30183A

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

R/W

Register
Name

Bit

Data

D7

D6

D5

D4

D3

D2

D1

DO

05h R/W | PSCNT

Name

LD4PS

LD3PS

LD2PS

LD1PS

Default

*Please set it to normal mode when LDO starts.

D3:

D2:

D1:

DO :

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

[1]: Power save mode

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

[1]: Power save mode

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

[1]: Power save mode

LDO1 Power save mode select register
[0]: Normal mode (default)

[1]: Power save mode
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AN30183A

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
AdSdub RIW RNeglster Bit
ress ame D7 D6 D5 D4 D3 D2 D1 DO
Name . o o o o o __ |LDOI1EN
o6h | R/W | ENSEL SEL
Default — — — — — — — 1
DO : LDO1ENSEL
[0]: LDO1ON control invalid
[1]: LDO1ON control valid (default)
Ver. AEB
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Panasonic AN30183A

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 signa

DVDD
DET
(IC inner signal)

RESET
(External input signal

1.24V

2.4V

22v—~2

2.1V

)

15 V—L 1.4V

K 12C acceptance starts 12C acceptance stops
DVDD_DET:High and RESET:High DVDD_DET:Low and RESET:Low
=12C acceptance ON = 12C acceptance OFF

A

LDO1ON
(External input signa

)

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

A

oscC
(IC inner signal)

at LDO-start
at DCDC-start
PS&NM PS&NM

g/
| - Il II‘/ W

VLDO1
(IC output signal)

Pin LDO1 stops 12C stops
Pin LDOL1 starts 12C starts

LDO1 starts in NM mode NM PS NM\ M’I PS NM LDO* stop is possible even in PS mode

. 12C input 12C stops
\Q/-;L? 12C input 12C starts ‘
IC output si |
(IC output signal) MM PS NM\
A
@ 150 us 12C stops

DCDC1
(IC output signal)

12C starts ¢ >

/ \
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AN30183A

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

REF
(IC output signal)

VREG
(IC output signal)

REGW
(IC inner signal)

DVDD
(External input signa

DVDD
DET
(IC inner signal)

RESET
(External input signal

LDO1ON
(External input signa

42V

)
1.2V X—OAS Y%
A
1.24V
— ~
A
24V
2.2V 21V
A
A
I
—F—15V 1.4V
A
t 12C acceptance starts { 12C acceptance stops
) DVDD_DET:High and RESET:High
=12C acceptance ON
A

\<0.45 %

oscC
(IC inner signal)

ﬁ

at DCDC-start

at LDO-start

LDO1 starts in NM mode

12C stops

Pin LDOL1 stops

VLDOJ_' Pin LDOL1 starts 12C starts
(IC output signal) N /
NM \ NM \\
A i
VLDO
2/3/4 12C starts 12C stops
(IC output signal) l/T\
A
DCDC1 @ 150 ps 12C stops
12C starts ¢ >

(IC output signal)

/

\
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AN30183A

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 signa

DVDD
DET
(IC inner signal)

RESET
(External input signal

LDO1ON
(External input signa

oscC
(IC inner signal)

VLDO1
(IC output signal)

VLDO
2/3/4
(IC output signal)

DCDC1
(IC output signal)

1.24V

22V

2.4V

2.1V

)

|\

12C acceptance st

arts

12C a

cceptance stops

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

DVDD_DET:Low and RESET:Low

= 12C acceptance OFF

)

at LDO-start at

DCDC-start

v
I

Pin LDOL1 starts

VLDO1 is connected directly with DVDD

Pin LDO1 stops:

A,

—15V

1.4V

12C starts

12C stops

12C starts;

@ 150 s

/

12C stops
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Panasonic AN30183A

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 —4 (LDO2/3 are controlled by REGCNT))

VBAT

RESET

DVDD
(External input signal

A

VREG
(IC output signal)

2.4V

2 /TN

2.1V

REGW
(IC inner signal)

o U S | A [t P ——— S U ——— R

»

DCDC1
(IC output signal)

Initial Setting Control Resistor
A
ADDRE$S:04h 00h 01h 02h 03h 0sh  05h 00h 00h 05h  05h 00h 00h 05h  05h 05h 00h
12c DATA:61h 18h xxh xxh xxh 02h  00h 10h ooh 01h  00h 19h 3Dh 04h  09h 00h 18h
(External input signal) ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ
A
LDO1ON
(External input signal)
A
REGCNT
(External input signal)
A
12C stops
Pin LDO1 stops
VLDO]: Pin LDO1 starts \ 12C starts
(IC output signal) ’ v
NM | PS | NM NM | PS | NM
4 Pin REGCNT starts
- Pin REGCNT stops
5 12C stops 12C starts
VLDO2 1
IC output signal : 4
( P gnal) ! NM| PS | NM NM
A 1
| Pin REGCNT st
Pin REGCNT starts 12C stops 12C starts n stops
VLDO3 ! /
IC output signal H 4 All LDOs can also be stopped
( p gnal) ; NM M| ps | NM in PS Mode
A E
1 12C stops
VLDO4 ! 12C starts
(IC output signal) :
1 NM | PS| NM
|
A 1
| 150 s 12C stops
! 12C starts @ K ‘
1
,

/

38 Ver. AEB



Panasonic AN30183A

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 —4 (LDO2/3 are controlled by REGCNT)) (continued)

LDO2/3 are controlled Only LDO2 is controlled No REGCNT control

VLDO3
(IC output signal)

by REGCNT by REGCNT
A H H
ADDRE$S:04h 00h 01h 02h 03h 0sh  05h | 00h 00h 05h  05h 00h !00h 05h 05h 05h 00h
12c DATA61h 18h xxh xxh xxh 02h  00h | 10h 00h 0th  00h 19h 13Dh 04h 09h 00h 18h
(External input signal)ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ' ﬁ ﬁ ﬁ ﬁ 'ﬁ ﬁ ﬁ ﬁ
0 t t
| | |
T E E
REGCNT —
(External input : : :
signal) : 1 |
| | |
A ; ; e
i i 5 i Pirt REGCNT stops i stops
VLDOZ_ E Pin REGCNT starts E P! Pin REGENT StilTSE
(IC output signal) ; i i ¢
! NM | 1
: A : y ¢ M
4 E E E 12C stops
é Pin REGCNT starts : 12C stops 12C s artsi
; ; ,
H :

NM \ NM

&
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AN30183A

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%
of the set voltage.

(3) The Ground short protection operates intermittently.

(2 ms: ON, 16 ms : OFF)

6. DAC voltage Accuracy

DCDCL1 (VBAT = 3.7 V, lout = =300 mA)

VDC1[3:0] Output voltage | Accuracy
D3 | D2 | D1 | DO N4 [%]
0 0 0 0 0.80 8.5
0 0 0 1 0.85 6.5
0 0 1 0 0.90 16.5
0 0 1 1 0.95 16.0
0 1 0 0 1.00 +6.0
0 1 0 1 1.05 5.0
0 1 1 0 1.10 +4.0
0 1 1 1 1.15 +3.5
1 0 0 0 | 1.20 (Default) | +2.5
1 0 0 1 1.30 +3.0
1 0 1 0 1.40 +4.0
1 0 1 1 1.50 +3.0
1 1 0 0 1.65 +3.0
1 1 0 1 1.80 +4.0
1 1 1 0 1.85 +3.0
1 1 1 1 2.40 +3.0

Ground short protection

hysteresis

Overcurrent protection (about 1 A)
L

— » '«— Output voltage [V]
| -

A — Ground short protection

i I o about 70% of Vout

\ |
\ !
! Internjittent operation area |
i : Pendency characteristic
i [
I !
: I
! i

»

- a - »
about 150 mA Output current [A]
N .

s

Operation explanation chart

40

Ver. AEB



Panasonic AN30183A

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 =3.7 V (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 LDO2 to 4 LDO1 LDO2 to 4

0 0 0 0 1.00 +5.0 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 13.0 +3.0
0 1 0 1 1.50 3.0 3.0 3.0 3.0
0 1 1 0 1.60 3.0 +3.0 3.0 +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 13.0 +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 +3.0 +3.0
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AN30183A

OPERATION ( Continued )

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

7. Start Up Timing from LDO1ON , REGCNT and 12C

(1) Start up LDO1

Start up by LDO1ON

Start up by 12C

LDO1ON

LDO1

.....................

VLDO*0.9

LDO1 >

VLDO*0.9

(2) Start up LDO2/3/4 and DCDC1

Start up by REGCNT

REGCNT

LDO2/3/4

.....................

VLDO*0.9

LDO2/3/4  —

VLDO*0.9

DCDC1

.....................

1 <500us |

H VOUT*0.9

Start up by 12C

SDA

DCDC1 >
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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 VB VIN2 DDVBAT1
/fi cp1 /fi cvi /fi cv2 /fi c1
—— SDA L
— scL DCDCOUTL
] ASEL FB1 CDCDCOUT1
— REGCNT DDGND1 _,i
«olioos AN30183A ioorle »
couTs I ’;-’coun
<«—- LDO4 LDO2 -9—>
couT4 I ’;coun
VREG REF RESET LDOION AGND
ES .
CVREG’; ’;CREF| | .
Figure : Application Circuit
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Figure : Top Layer with silk screen
( Top View ) with Evaluation Board

Figure : Bottom Layer with silk screen
( 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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Panasonic AN30183A

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
Cv1l 1 4.7uF Murata GRM21BB31C475KA87
VC2 1 4.7uF Murata GRM21BB31C475KA87
CD1 1 0.1pF Murata GRM188B11C104KA01

L1 1 1.0 pH FDK MIPSZ2012D1R0O
CDCDCOUT1 1 4.7uF Murata GRM21BB31A475KA74
COuUT1 1 1.0pF Murata GRM185B31A105KE35
COuUT2 1 1.0pF Murata GRM185B31A105KE35
COuUT3 1 1.0pF Murata GRM185B31A105KE35
COouT4 1 1.0pF Murata GRM185B31A105KE35
CVREG 1 1.0pF Murata GRM185B31A105KE35
CREF 1 1.0pF Murata GRM185B31A105KE35

Figure : Recommended Component
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PACKAGE INFORMATION ( Reference Data )

QOutline Drawing
Package Code : XBGA020-W-1621AEL

Unit:mm
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Body Materia | : Br/Sb Free Epoxy resin

Reroute Material : Cu

Bump : SnAgCu
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Panasonic AN30183A

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.

20100202




@Iasﬂ U

KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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