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OUTLINE 
RP600xseries are high efficiency, current mode step-up DC-DC converter ICs with a voltage regulator and 
a voltage detector. This converter starts up of low voltage (typ. 0.8V) operation from one or two alkaline or 
nickel-metal-hydride (NiMH) batteries, or a single Li+ battery. 
This IC consists of a reference voltage unit with soft start, error amplifiers, PWM comparator, protection 
circuits such as a current limit circuit, an internal switch transistor, an oscillator, and PWM/VFM mode 
control circuit. A low ripple high efficiency step-up DC/DC converter can be composed of RP600x series 
with only an inductor, a diode, divider resistors and capacitors. In terms of output voltage setting, fixed type 
and adjustable with external divider resisters type are available. Output voltage is from 2.3V to 5.5V. 
 
The built-in LDO Regulator(VR) consists of a reference voltage unit, an error amplifier, output voltage 
setting resister net, a short current limit circuit, an output transistor, and so on. To prevent the inrush 
current at start-up, soft-start function is included. The Soft-start time is typically 200μs. The output voltage 
is fixed internally and the output range is from 1.5V to 5.0V.  
This IC has an MODE pin. When the MODE pin is set as "H", the DC/DC converter control becomes fixed 
PWM control, and the LDO becomes the fast mode. When the MODE pin is set as "L", the DC/DC 
converter is automatic PWM/VFM control and the LDO becomes low power mode.* 
 The voltage detector always turns on. The output is Nch open drain type. Since the package is 
DFN(PLP)2527-10, so high density mounting on board is possible. If the internal chip temperature is 
beyond the certain level, system reset will work, or thermal shutdown circuit is included in the IC. 
 
*The switch-over point is fixed internally. As for A/D version, regardless the MODE pin signal, LDO mode is 
always set at fast mode. As for B/C version, regardless the MODE pin signal, when the DC/DC converter is 
active, LDO becomes fast mode. 
 
Functions 
 
A version: The input power supply of the built-in voltage regulator (LDO) is the output of the built-in DC/DC 
converter. After the soft-start function of the DC/DC converter, the LDO starts up. The built-in voltage 
detector outputs "L" when the supervised level becomes lower than the set detector threshold level. The 
output delay circuit for release the voltage detector is also built-in and the delay time is set at typically 
10ms. 
 
B version: The input power supply of the built-in voltage regulator (LDO) and the DC/DC converter is VDD 
pin. Each channel is individual. The minimum operating voltage of the LDO is 2.0V. The output of the 
DC/DC converter is fixed internally. If the DC/DC is active, the LDO mode becomes fixed fast mode. The 
built-in voltage detector outputs "L" when the supervised level becomes lower than the set detector 
threshold level. The output delay circuit for release the voltage detector is also built-in and the delay time is 
set at typically 10ms. 
 
C version (Under Development): The input power supply of the built-in voltage regulator (LDO) is the 
output of the built-in DC/DC converter. The voltage regulator is always active. The output of the DC/DC 
converter is fixed internally. 
The built-in voltage detector outputs "L" when the supervised level becomes lower than the set detector 
threshold level. The output delay circuit for release the voltage detector is not included. The hysteresis 
range can be selected from 30% of the set voltage detector threshold to 80% of the detector threshold. 
 
D version: The input power supply of the built-in voltage regulator (LDO) and the DC/DC converter is VDD 
pin. The output of the DC/DC converter is adjustable with external divider resisters. The built-in voltage 
detector outputs "L" when the supervised level becomes lower than the set detector threshold level. The 
output delay circuit for release the voltage detector is also built-in and the delay time is set at typically 
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10ms. 

FEATURES 
  Step-up DC/DC converter part 

● Input Voltage Range ··········································· 0.8V~5.5V 
● High Efficiency ···················································· 85% (100mA/3.3V, VIN=1.5V, 25°C) 
● Output current ····················································· 500mA/4.2V(VIN=2.5V) 
● Internal Switch ···················································· NMOS=0.16Ω, (if VOUT1=3.3V) 
● Output Voltage Tolerance····································±2.0% 
● Frequency ··························································· Typ. 1.2MHz 
● Output Voltage Range ········································ Fixed: Standard voltage in the range from 2.3V to 5.5V  

Adjustable: 2.3V~5.5V (Recommendation range of output 
voltage) 

● Lx peak current control function ························Typ. 1.4A 
 
LDO regulator part 
*Input Voltage Range (Applied to B version only) ········· from 2.0V to 5.5V 
● Output Voltage Range ··············································Fixed: Standard voltage in the range from 1.5V to 5.0V  
● Output Voltage Tolerance········································· ±1.0% 
● Turn-on Speed ························································· Typ. 100μs 
● Maximum Output Current ········································ Min. 500mA guaranteed (A/D version) 
······················································································· Min. 300mA guaranteed (B version) 
······················································································Min. 150mA guaranteed (C version) under development 
 
Voltage Detector Part 
● Detector Threshold Range········································Fixed: Standard voltage in the range from 1.0V to 4.5V  
● Released Output Delay Time··································· Typ. 10ms (A/B/D version) 
······················································································· Typ. 0ms (C version) under development 
● Detector Threshold Hysteresis ·····························Typ. 5% of the detector threshold voltage (A/B/D version) 

Selectable in the range from 30% to 80% of the detector 
threshold voltage (C version) under development 

Others 
● Small Package··························································DFN(PLP)2527-10 
● Thermal shutdown temperature threshold··············· Tj=125°C (A/B/D version only) 
● External components ··············································· CIN=10μF, COUT1=10μFx2, L=3.3μH(If the output of the 

DC/DC is 3.6V or more, 4.7uH is our recommendation value.)  
······················································································· COUT2=2.2μF(B/C version LDO) 
······················································································· COUT2=10uF(A/D version LDO) 
 

APPLICATIONS 
● Portable equipment such as DSC, cellular phones, electrical dictionaries, IC recorders 
● Blood pressure meter 
● Smoke Detector 
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BLOCK DIAGRAMS 
 

RP600K0xxA 
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RP600K0xxB 
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RP600K2xxC (Under Development) 
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RP600K1xxD 

 
 

 

SWITCHING
  CONTROL 

CURRENT
PROTECTION

 SOFT 
START 

VREF 

LX 

VOUT1 

CE 

 OSCILLATOR

 PWM

 CURRENT
FEEDBACK

          RAMP 
COMPENSATION 

POWER SAVE MODE CONTROL

  CHIP 
ENABLE 

 CURRENT 
PROTECTION 

VREF

VREF

DELAY CIRCUIT

VOUT2 

VDOUT 

GND 

VIN 

STARTUP
CIRCUIT 

AE 

VDSENSE 

 THERMAL 
PROTECTION 

 SOFT 
START 

VFB 



RP600x
 

 

7 

SELECTION GUIDE 
 

In the RP600, the output voltage and function type can be selected at the user’s request. The selection can 
be made with designating the part number as shown below: 

  
Product Code Package pcs/reel Pb free Halogen free 

RP600K0xxA-TR 5,000pcs ○ ○ 
RP600K0xxB-TR 5,000pcs ○ ○ 

RP600K2xxC-TR(Under 
Development) 5,000pcs ○ ○ 

RP600K1xxD-TR 

DFN 
(PLP)2527-10 

5,000pcs ○ ○ 

 
xx: Output voltage (DC/DC, LDO, Voltage detector) setting serial number *as for C version, the 
hysteresis range of the voltage detector setting is included. Further, refer to the voltage combination 
list. 
 
Function by version 
 
A version: DC/DC converter; Fixed output voltage. 
         Voltage Regulator; Power supply is the output of the DC/DC converter. Fast MODE only 
         Voltage Detector; "L" output at the detector threshold. With a released output delay time, 

the hysteresis is fixed 5% of the detector threshold 
 
B version: DC/DC converter; Fixed output voltage. 
         Voltage Regulator; Power supply is VIN of this IC. When the DC/DC converter is active, 

regardless of the MODE signal, the mode is fixed as fast mode. 
         Voltage Detector; "L" output at the detector threshold. With a released output delay time, 

the hysteresis is fixed 5% of the detector threshold. 
 
C version: DC/DC converter; Fixed output voltage. 
(Under   Voltage Regulator; Power supply is the output of the DC/DC converter. Regardless of the 
Development)             CE signal, always turns on. When the DC/DC converter is active, 

regardless of the MODE signal, the mode is fixed as fast mode. 
         Voltage Detector; "L" output at the detector threshold. Without a released output delay 

time, the hysteresis can be set in the range from 30% to 80% of the 
detector threshold. 

         No thermal protection circuit 
 
D version: DC/DC converter; Adjustable output voltage. 
         Voltage Regulator; Power supply is the output of the DC/DC converter. Fast Mode only. 
         Voltage Detector; "L" output at the detector threshold. With released output delay time, the 

hysteresis is fixed 5% of the detector threshold. 
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Function version table 

 *1) C version (Under Development) : No thermal protection circuit. 

 *2) Start-up sequence: LDO starts the operation after the soft-start of DC/DC. 

*3) Mode pin "L": automatic shift (Iout2≤0.7mA: low power mode, Iout2≥5.0mA: fast mode) 

   Mode pin "H": fast mode  

 

PIN CONFIGURATION 
DFN(PLP)2527-10 

 
 
PIN DESCRIPTIONS  
• RP600K0xxA 

Pin Number Symbol Descriptions 
1 VSENSE  SENSE pin (for Voltage Detector) 
2 VDOUT Output pin of the voltage detector, Nch open drain output 
3 NC No Connection 
4 MODE MODE pin 
5 GND Ground pin 
6 Lx DC/DC switching pin 
7 CE Chip enable pin (active-high) 
8 VIN Power input pin 
9 VOUT1 DC/DC converter output pin 

10 VOUT2 LDO output pin 
 

Tab of the backside of the package is GND level. (They are connected to the reverse side of this IC.) 
It should be connected to the GND pin (Recommendation case) or make it open. 

 Mark Side 
(Top view) 

Bottom view 

1  1    

10    

 DC/DC LDO VD 

Ver. Output 
Voltage 

EN 
pin 

Output 
Current Input EN Mode Output 

Delay Hysteresis 

A Fixed CE 500mA 
(depends) 

DC/DC 
output CE*2 Fixed fast mode Yes 5％  

B Fixed CE1 300mA VIN CE2 DC/DC active: fast mode 
DC/DC off: controlled by MODE*3 Yes 5％  

C*1 Fixed CE 150mA DC/DC 
output 

Ever 
ON

DC/DC active: fast mode 
DC/DC off: controlled by MODE*3 No 

30 ~ 80％  
with a step 

of 10％ 

D Adjust CE 500mA DC/DC 
output CE*2 Fixed fast mode Yes 5％  
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• RP600K0xxB 

Pin Number Symbol Descriptions 
1 VSENSE  SENSE pin (for Voltage Detector) 
2 VDOUT Output pin of the voltage detector, Nch open drain output 
3 CE2 Chip enable pin for voltage regulator (active-high) 
4 MODE MODE pin 
5 GND Ground pin 
6 Lx DC/DC switching pin 
7 CE1 Chip enable pin for DC/DC converter (active-high) 
8 VIN Power input pin 
9 VOUT1 DC/DC converter output pin 

10 VOUT2 Voltage regulator output pin 
 

Tab of the backside of the package is GND level. (They are connected to the reverse side of this IC.) 
It should be connected to the GND pin (Recommendation case) or make it open. 

 
• RP600K2xxC (Under Development) 

Pin Number Symbol Descriptions 
1 VSENSE  SENSE pin (for Voltage Detector) 
2 VDOUT Output pin of the voltage detector, Nch open drain output 
3 TEST TEST pin 
4 MODE Auto ECO pin ("H" fast mode, "L" Low power mode) 
5 GND Ground pin 
6 Lx DC/DC switching pin 
7 CE Chip enable pin for DC/DC converter (active-high) 
8 VIN Power input pin 
9 VOUT1 DC/DC converter output pin 

10 VOUT2 Voltage regulator output pin 
 

Tab of the backside of the package is GND level. (They are connected to the reverse side of this IC.) 
It should be connected to the GND pin (Recommendation case) or make it open. 
LDO is always active. 
TEST pin should be connected to the GND pin. If the TEST pin is open or "H", the voltage regulator may turn 
off. 

 
• RP600K1xxD 

Pin Number Symbol Descriptions 
1 VSENSE  SENSE pin (for Voltage Detector) 
2 VDOUT Output pin of the voltage detector, Nch open drain output 
3 VFB Feedback pin for setting DC/DC converter output voltage 
4 MODE MODE pin ("H" fast mode, "L" Low power mode) 
5 GND Ground pin 
6 Lx DC/DC switching pin 
7 CE Chip enable pin for DC/DC converter (active-high) 
8 VIN Power input pin 
9 VOUT1 DC/DC converter output pin 

10 VOUT2 Voltage regulator output pin 
 

Tab of the backside of the package is GND level. (They are connected to the reverse side of this IC.) 
It should be connected to the GND pin (Recommendation case) or make it open. 
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ABSOLUTE MAXIMAM RATINGS 
 

Symbol Items Ratings Unit 
VIN VIN Supply Voltage -0.3~6.0 V 

VOUT1 VOUT1 Pin Voltage -0.3~6.0 V 

CE CE pin Voltage 
(other than B version) -0.3~6.0 V 

VOUT2 VOUT2 Pin Voltage -0.3~VOUT1+0.3 V 
VLX VLX Pin Voltage -0.3~6.0 V 

VDOUT VDOUT Pin Voltage -0.3~6.0 V 
VSENSE VSENSE Pin Voltage -0.3~6.0 V 

VCE1 CE1 Pin Input Voltage 
(B version) -0.3~6.0 V 

VCE2 CE2 Pin Input Voltage 
(B version) -0.3~6.0 V 

VMODE MODE Pin Input Voltage -0.3~6.0 V 
VFB VFB Pin Voltage (D version) -0.3~VOUT1+0.3 V 

DFN(PLP)2527-10(1) 910 PD Power Dissipation 
DFN(PLP)2527-10(2) 1400 

mW 

Topt Operating Temp Range -40~+85 °C 
Tstg Storage Temp Range -55~+125 °C 

 
ABSOLUTE MAXIMUM RATINGS 

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may 
cause the permanent damages and may degrade the life time and safety for both device 
and system using the device in the field. 
The functional operation at or over these absolute maximum ratings is not assured. 
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ELECTRICAL CHARACTERISTICS                                  

RP600K0xxA 

Unless otherwise specified, open loop measurement is applied to guarantee the specifications.     (Ta=25°C) 
Description Symbol Conditions MIN. TYP. MAX. Unit 

Quiescent Current 1  
(LDO operating DC/DC with 
heavy load PWM operation)

ISS1 VIN = VOUT1 = VCE =VSET x 0.95V  VOUT1 x 
260+50 

VOUT1 x 
350+90 μA 

Quiescent Current 2  
(LDO operating DC/DC with 
light load VFM operation) 

ISS2 
VIN = VOUT1 = VCE = 5.5V, 
VMODE = 0V  170 260 μA 

Standby Current Istandby VIN = VOUT1 = 5.5V, VCE = 0V  1.0 6.0 μA 

CE ”H” Input Current ICEH VIN = VOUT1 = VCE = 5.5V   0.5 μA 

CE ”L” Input Current ICEL VIN = VOUT1 = 5.5V, VCE = 0V -0.5   μA 

MODE ”H” Input Current IMODEH VIN = VMODE = 5.5V   0.5 μA 

MODE ”L” Input Current IMODEL VIN = 5.5V, VMODE = 0V -0.5   μA 
CE input ”H” level Voltage VCEH  0.7   V 

CE input “L” level Voltage C    0.3 V 

MODE input 
”H” level Voltage VMODEH  1.1   V 

MODE input 
“L” level Voltage VAEL    0.4 V 

 
 
DC/DC SECTION                                                                           Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN    5.5 V 

Start-up Voltage VSTART Ioad current = 1mA,  
VCE = VOUT1 

  0.8 V 

Hold-on Voltage (after start-up)  VHOLD Ioad current = 1mA,  
VCE = VOUT1 

0.7   V 

Output Voltage1 VOUT1  x0.98  x1.02 V 
Output Voltage Range1 VOUT1  2.3  5.5 V 
Output Voltage1 Temperature 
Coefficient 

ΔVOUT1 

/ΔTa -40°C≤Ta≤85°C  ±50  ppm/°C

Switching Frequency fOSC VIN = VOUT1 = VSET x 0.7 1020 1200 1380 kHz 
Switching Frequency  
Temperature Coefficient ΔfOSC/ΔTa -40°C≤Ta≤85°C  ±0.27  kHz/°C

Lx Switch ON Resistance *1 RONN VOUT1 = 3.3V  0.16  Ω 

Lx Leakage Current ILX VIN = VOUT1 = VLX = 6.0V,  
VCE = 0V   2.0 μA 

Lx Current Limit ILXPEAK VIN = VSET x 0.5 1.2 1.4  A 

Maximum Duty Cycle Maxdty VIN = VOUT1 = VSET x 0.7 80 88 95 % 

Soft start time 1 tSTART1 
VIN = VSET x 0.5, 
VCE = 0V to 1.5V 0.08 0.70 3.00 ms 

*1) This item is guaranteed by design, not mass production tested. Lx switch On resistance depends on the 
voltage of VOUT1. 
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VD SECTION                                                                               Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  0.8  5.5 V 

Voltage Detector Threshold -VDET VIN = 3.0V x0.98*2  x1.02*2 V 
Voltage Detector  
Threshold Range -VDET  1.0  4.5 V 

Voltage Detector Threshold 
Temperature Coefficient ΔVDET/ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Detector Threshold Hysteresis VHYS VIN = 3.0V  -VDETx0.05   
Sense Resistance RSENSE VIN = 6.0V, VSENSE = 6.0V 0.2  20 MΩ 
Voltage Detector 
Released Output Delay Time tDELAY VIN = 3.0V  10  ms 

VDOUT ”L” Output Current IDOUTL 
VIN = 2.0V, VDOUT = 0.1V, 
VSENSE = 6.0V 0.1 0.3  mA 

*2) This item is guaranteed under the condition of VIN range from 1.0V to 5.0V and guaranteed by design, not 
mass production tested. 
 
 
LDO SECTION                                                                  Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  2.0  5.5 V 

VOUT2 > 2.0V x0.99  x1.01 V Output Voltage 2 (Fast Mode) VOUT2 
IOUT2 = 5mA 
 VOUT2 ≤ 2.0V -20  20 mV 

Output Voltage Range VOUT2  1.5  5.0 V 
Output Voltage2 Temperature 

Coefficient 
ΔVOUT2/ 

ΔTa -40°C ≤ Ta ≤ 85°C  ±100  ppm/°C

Output Current2 IOUT2  500   mA 

Load Regulation ΔVOUT2/ 
ΔIOUT2 

10mA ≤ IOUT2 ≤ 500mA  50 100 mV 

Dropout Voltage VDIF Please refer to “Dropout Voltage”. 

Line Regulation ΔVOUT2/ 
ΔVIN 

VOUT2+0.5V≤VIN≤5.5V 
*VOUT2<4.5V 
IOUT2=10mA (Fast Mode) 

-0.1 ±0.02 0.1 %/V 

Ripple Rejection RR f=1kHz, Ripple 0.2Vp-p,  
VIN = VOUT2+1.0V, IOUT2=30mA  70  dB 

Short Current Limit ILIM VOUT2=0V  200  mA 

Soft-start Time 2*3 tSTART2 after the DC/DC soft-start   200  μs 
*3) This item is guaranteed by design, not mass production tested. 
 
 
Thermal Shutdown Section 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  1.4  5.5 V 
Thermal Shutdown 
temperature threshold TTSD Junction Temperature  140  °C 

Thermal Shutdown release 
temperature TTSR Junction Temperature  95  °C 
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RP600K0xxB 

Unless otherwise specified, open loop measurement is applied to guarantee the specifications.     (Ta=25°C) 
Description Symbol Conditions MIN. TYP. MAX. Unit 

Quiescent Current 1  
(LDO active, DCDC with 
heavy load PWM operation)

ISS1 
VIN = VOUT1= VSET x 0.95V 
VCE1=VCE2=5.5V  VOUT1 x 

260+50 
VOUT1 x 
350+90 μA 

Quiescent Current 2  
(LDO active, DCDC with 
light load VFM operation) 

ISS2 
VIN=VOUT1=5.5V, VMODE=0V 
VCE1=VCE2=5.5V  170 260 μA 

Quiescent Current 3  
(LDO off, DCDC with heavy 
load PWM operation) 

ISS3 
VIN=VOUT1=VSETx0.95 
VMODE=0V, VCE1=5.5V, VCE2=0V  VOUT1 x 260 VOUT1 x 

350 μA 

Quiescent Current 4  
(LDO off, DCDC with light 
load VFM operation) 

ISS4 
VIN=VOUT1=5.5V, VMODE=0V 
VCE1=5.5V, VCE2=0V  120 170 μA 

Quiescent Current 5  
(LDO fast mode, DCDC off) ISS5 

IOUT2=0mA, VMODE=5.5V 
VCE1=0V, VCE2=5.5V  50 90 μA 

Quiescent Current 6 (LDO 
low power mode, DCDC off) ISS6 

IOUT2=0mA, VMODE=0V 
VCE1=0V, VCE2=5.5V  6.0 15.0 μA 

Standby Current Istandby VIN = VOUT1=5.5V, 
VCE1=VCE2=0V  1.0 6.0 μA 

CE1 ”H” Input Current ICE1H VIN = VOUT1= VCE1=5.5V   0.5 μA 

CE1 ”L” Input Current ICE1L VIN = VOUT1=5.5V, VCE1=0V -0.5   μA 

CE2 ”H” Input Current ICE2H VIN = VCE2=5.5V   0.5 μA 

CE2 ”L” Input Current ICE2L VIN =5.5V, VCE2=0V -0.5   μA 

MODE ”H” Input Current IMODEH VIN = VMODE=5.5V   0.5 μA 

MODE ”L” Input Current IMODEL VIN =5.5V, VMODE =0V -0.5   μA 
CE1 input ”H” level Voltage VCE1H  0.7   V 

CE1 input “L” level Voltage VCE1L    0.3 V 

CE2 input ”H” level Voltage VCE2H  1.0   V 

CE2 input “L” level Voltage VCE2L    0.4 V 

MODE input  
”H” level Voltage VMODEH  1.1   V 

MODE input  
“L” level Voltage VMODEL    0.4 V 
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DC/DC SECTION                                                                           Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN    5.5 V 

Start-up Voltage VSTART IOUT1 = 1mA, VCE1=VOUT1   0.8 V 
Hold-on Voltage(after start-up) VHOLD IOUT1 = 1mA, VCE1=VOUT1 0.7   V 
Output Voltage1 VOUT1  x0.98  x1.02 V 
Output Voltage Range1 VOUT1  2.3  5.5 V 
Output Voltage1  
Temperature Coefficient 

ΔVOUT1/ 
ΔTa -40°C≤Ta≤85°C  ±50  ppm/°C

Switching Frequency fOSC VIN=VOUT1=VSETx0.7 1020 1200 1380 kHz 
Switching Frequency  
Temperature Coefficient 

ΔfOSC/ 
ΔTa -40°C≤Ta≤85°C  ±0.27  kHz/°C

Lx Switch ON Resistance *1 RONN VOUT1=3.3V  0.16  Ω 

Lx Leakage Current ILX VIN =VOUT1=VLX=6.0V, 
VCE1=0V   2.0 μA 

Lx Current Limit ILXPEAK VIN=VSETx0.5 1.2 1.4  A 

Maximum Duty Cycle Maxdty VIN =VOUT1=VSETx0.7 80 88 95 % 

Soft start time 1 tSTART1 
VIN=VSETx0.5,  
VCE=0V to 1.5V 0.08 0.70 3.00 ms 

*1) This item is guaranteed by design, not mass production tested. Lx switch On resistance depends on the 
voltage of VOUT1. 
 
 
VD SECTION                                                                               Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  0.8  5.5 V 

Voltage Detector Threshold -VDET VIN =3.0V x0.98*2  x1.02*2 V 

Detector Threshold Range -VDET  1.0  4.5 V 
Voltage Detector Threshold  
Temperature Coefficient ΔVDET/ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Detector Threshold Hysteresis VHYS VIN=3.0V  -VDETx0.05   
Sense Resistance RSENSE VIN =6.0V, VSENSE =6.0V 0.2  20 MΩ 
Voltage Detector  
Released Output Delay Time tDELAY VIN =3.0V  10  ms 

VDOUT ”L” Output Current IDOUTL 
VIN=2.0V, VDOUT =0.1V, 
VSENSE=0V 0.1 0.3  mA 

VDOUT Leakage Current IDOUTH VIN =6.0V, VDOUT=6.0V, 
VSENSE=6.0V   0.5 μA 

*2) This item is guaranteed under the condition of VIN range from 1.0V to 5.0V and guaranteed by design, not 
mass production tested. 
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LDO SECTION                                                                  Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  2.0  5.5 V 

VOUT2>2.0V x0.99  x1.01 % Output Voltage 2 (Fast Mode) VOUT2 IOUT2=5mA 
VOUT2≤2.0V -20  20 mV 

Output Voltage Range VOUT2  1.5  5.0 V 
Output Voltage2  
Temperature Coefficient 

ΔVOUT2/
ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Output Current2 IOUT2  300   mA 
Fast Mode Switch-over Current IOUTH IOUT2=Light load to Heavy Load  3.2 5.0 mA 
Low Power Mode  
Switch-over Current IOUTL IOUT2=Heavy load to Light Load 0.7 1.5  mA 

VOUT2>2.0V -1.2  1.2 % 0.5mA≤ IOUT2≤10mA
VCE1=VMODE=0V VOUT2≤2.0V -24  24 mV Load Regulation ΔVOUT2/

ΔIOUT2 
10mA≤ IOUT2≤300mA  30 60 mV 

Dropout Voltage VDIF Please refer to “Dropout Voltage”. 
IOUT2=0.5mA  
(Low Power Mode) -0.2  0.2 

Line Regulation ΔVOUT2/Δ
VIN 

VOUT2+0.5V≤
VIN≤5.5V, 
VMODE=0V 
*VOUT2<4.5V 

IOUT2=10mA  
(Fast Mode) -0.1 ±0.02 0.1 

%/V 

Ripple Rejection RR f=1kHz, Ripple 0.2Vp-p, 
VIN = VOUT2+1.0V, IOUT2=30mA  70  dB 

Short Current Limit ILIM VOUT2=0V  150  mA 

Soft-start Time 2*3 tSTART2 after the DC/DC soft-start  200  μs 
*3) This item is guaranteed by design, not mass production tested. 
 
 
Thermal Shutdown Section 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  1.4  5.5 V 
Thermal Shutdown  
temperature threshold TTSD Junction Temperature  140  °C 

Thermal Shutdown  
release temperature TTSR Junction Temperature  95  °C 
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RP600K2xxC (Under Development) 

Unless otherwise specified, open loop measurement is applied to guarantee the specifications.     (Ta=25°C) 
Description Symbol Conditions MIN. TYP. MAX. Unit 

Quiescent Current 1 
(LDO on, DC/DC with heavy 
load PWM operation 

ISS1 VIN = VOUT1=VCE=VSET x 0.95V  VOUT1 x 
260+50 

VOUT1 x 
350+90 μA 

Quiescent Current 2 
(LDO on, DC/DC with light 
load VFM operation 

ISS2 
VIN=VOUT1=5.5V, 
VCE=VMODE=0V,  170 260 μA 

Quiescent Current 3 
(LDO with low power mode) ISS3 

VIN= VOUT1=5.5V, 
VCE =VMODE=0V, IOUT2=0mA  2.0 7.0 μA 

Quiescent Current 4 
(LDO with fast mode) ISS4 

VIN=VOUT1=VMODE=5.5V, 
VCE=0V  50 90 μA 

CE ”H” Input Current ICEH VIN = VOUT1= VCE =5.5V   0.5 μA 

CE ”L” Input Current ICEL VIN = VOUT1=5.5V, VCE =0V -0.5   μA 

MODE ”H” Input Current IMODEH VIN = VMODE=5.5V   0.5 μA 

MODE ”L” Input Current IMODEL VIN =5.5V, VMODE =0V -0.5   μA 
CE input ”H” level Voltage VCEH  0.7   V 

CE input “L” level Voltage VCEL    0.3 V 

MODE input  
”H” level Voltage VMODEH  1.1   V 

MODE input  
“L” level Voltage VMODEL    0.4 V 

 
 
DC/DC SECTION                                                                           Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN    5.5 V 
Start-up Voltage VSTART IOUT = 1mA, VCE=VOUT1   0.8 V 
Hold-on Voltage (After start-up)  VHOLD IOUT = 1mA, VCE=VOUT1 0.7   V 
Output Voltage1 VOUT1  x0.98  x1.02 V 
Output Voltage Range1 VOUT1  2.3  5.5 V 
Output Voltage1  
Temperature Coefficient 

ΔVOUT1/ 
ΔTa -40°C≤Ta≤85°C  ±50  ppm/°C

Switching Frequency fOSC VIN=VOUT1=VSETx0.95 1020 1200 1380 kHz 
Switching Frequency  
Temperature Coefficient 

ΔfOSC/ 
ΔTa -40°C≤Ta≤85°C  ±0.27  kHz/°C

Lx Switch ON Resistance *1 RONN VOUT1=3.3V  0.16  Ω 

Lx Leakage Current ILX VIN=VOUT1=VLX=6.0V,  
VCE=0V   2.0 μA 

Lx Current Limit ILXPEAK VIN=VSETx0.5 1.2 1.4  A 

Maximum Duty Cycle Maxdty VIN=VOUT1=VSETx0.7 80 88 95 % 

Soft start time 1 tSTART1 
VIN=VSETx0.5,  
VCE=0V to 1.5V 0.1 10.0 30 μs 

*1) This item is guaranteed by design, not mass production tested. Lx switch On resistance depends on the 
voltage of VOUT1. 
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VD SECTION                                                                               Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  0.8  5.5 V 

Voltage Detector Threshold -VDET VIN =3.0V x0.98*2  x1.02*2 V 
Voltage Detector Threshold 
Range -VDET  1.0  4.5 V 

Voltage Detector Threshold 
Temperature Coefficient ΔVDET/ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Detector Threshold Hysteresis VHYS VIN=3.0V  -VDETx0.3 to 
-VDETx0.8   

Sense Resistance RSENSE VIN =6.0V, VSENSE =6.0V 0.2  20.0 MΩ 
Voltage Detector Released 
Output Delay Time tDELAY VIN =3.0V  0  ms 

VDOUT ”L” Output Current IDOUTL 
VIN=2.0V, VDOUT =0.1V, 
VSENSE=6.0V 0.1 0.3  mA 

VDOUT Leakage Current IDOUTH VIN =6.0V, VDOUT=6.0V, 
VSENSE=0V   0.5 μA 

*2) This item is guaranteed under the condition of VIN range from 1.0V to 5.0V and guaranteed by design, not 
mass production tested. 
 
 
LDO SECTION                                                                             Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  2.0  5.5 V 

VOUT2>2.0V x0.99  x1.01 % Output Voltage 2 (Fast Mode) VOUT2 
IOUT2=5mA 
 VOUT2≤2.0V -20  20 mV 

Output Voltage Range VOUT2  1.5  5.0 V 
Output Voltage2  
Temperature Coefficient 

ΔVOUT2/
ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Output Current2 IOUT2  150   mA 
Fast Mode Switch-over Current IOUTH IOUT2=Light load to Heavy Load  3.2 5.0 mA 
Low Power Mode  
Switch-over Current IOUTL IOUT2=Heavy load to Light Load 0.7 1.5  mA 

VOUT2>2.0V -1.2  1.2 % 0.5mA≤ IOUT2≤10mA
 VOUT2≤2.0V -24  24 mV Load Regulation ΔVOUT2/

ΔIOUT2 
10mA≤ IOUT2≤150mA  15 T.B.D. mV 

Dropout Voltage VDIF Please refer to “Dropout Voltage”. 
IOUT2=0.5mA  
(Low Power Mode) -0.2  0.2 

Line Regulation ΔVOUT2/Δ
VIN 

VOUT2+0.5V≤
VIN≤5.5V 
*VOUT2<4.5V IOUT2=10mA  

(Fast Mode) -0.1 ±0.02 0.1 
%/V 

Ripple Rejection RR f=1kHz, Ripple 0.2Vp-p, 
VIN = VOUT2+1.0V, IOUT2=30mA  70  dB 

Short Current Limit ILIM VOUT2=0V  50  mA 

Soft-start Time 2*3 tSTART2   200  μs 
*3) This item is guaranteed by design, not mass production tested. 
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RP600K1xxD 
Unless otherwise specified, open loop measurement is applied to guarantee the specifications.     (Ta=25°C) 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Quiescent Current 1  
(LDO operating DC/DC with 
heavy load PWM operation) 

ISS1 
VIN=2.0V, VOUT1=VCE=2.5V,  
VFB=0V  700 950 μA 

Quiescent Current 2  
(LDO operating DC/DC with 
light load VFM operation) 

ISS2 
VIN=VOUT1=VCE=5.5V, 
VMODE=0V, VFB=1.0V  170 260 μA 

Standby Current Istandby VIN=VOUT1=5.5V, VCE =0V  1.0 6.0 μA 

CE ”H” Input Current ICEH VIN=VOUT1= VCE =5.5V   0.5 μA 

CE ”L” Input Current ICEL VIN=VOUT1=5.5V, VCE =0V -0.5   μA 

MODE ”H” Input Current IMODEH VIN = VMODE =5.5V   0.5 μA 

MODE ”L” Input Current IMODEL VIN =5.5V, VMODE =0V -0.5   μA 
CE input ”H” level Voltage VCEH  0.7   V 

CE input “L” level Voltage VCEL    0.3 V 

MODE input  
”H” level Voltage VMODEH  1.1   V 

MODE input  
“L” level Voltage VMODEL    0.4 V 

 
 
DC/DC SECTION                                                                           Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN    5.5 V 
Start-up Voltage VSTART IOUT1 = 1mA, VCE1=VOUT1   0.8 V 
Hold-on Voltage (after start-up)  VHOLD IOUT1 = 1mA, VCE1=VOUT1 0.7   V 
Feedback Voltage VFB  0.588 0.600 0.612 V 
Output Voltage Range1 VOUT1  2.3  5.5 V 
Output Voltage1  
Temperature Coefficient 

ΔVOUT1/ 
ΔTa -40°C≤Ta≤85°C  ±50  ppm/°C

Switching Frequency fOSC VIN=VOUT1=VSETx0.7 1020 1200 1380 kHz 
Switching Frequency  
Temperature Coefficient 

ΔfOSC/ 
ΔTa -40°C≤Ta≤85°C  ±0.27  kHz/°C

Lx Switch ON Resistance *1 RONN VOUT1=3.3V  0.16  Ω 

FB Input Current "H" IFBH VIN=VOUT1=VFB=5.5V, 
VCE=0V   0.5 μA 

FB Input Current "L" IFBL 
VIN=VOUT1=5.5V 
VFB=VCE=0V -0.5   μA 

Lx Leakage Current ILX VIN =VOUT1=VLX=6.0V, 
VCE1=0V   2.0 μA 

Lx Current Limit ILXPEAK VIN=VSETx0.5 1.2 1.4  A 

Maximum Duty Cycle Maxdty VIN =VOUT1=VSETx0.7 80 88 95 % 

Soft start time 1 tSTART1 
VIN=VSETx0.5,  
VCE=0V to 1.5V 0.08 0.70 3.00 ms 

*1) This item is guaranteed by design, not mass production tested. Lx switch On resistance depends on the 
voltage of VOUT1. 
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VD SECTION                                                                               Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  0.8  5.5 V 

Voltage Detector Threshold -VDET VIN =3.0V x0.98*2  x1.02*2 V 

Detector Threshold Range -VDET  1.0  4.5 V 
Voltage Detector Threshold  
Temperature Coefficient ΔVDET/ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Detector Threshold Hysteresis VHYS VIN=3.0V  -VDETx0.05   
Sense Resistance RSENSE VIN =6.0V, VSENSE =6.0V 0.2  20.0 MΩ 
Voltage Detector  
Released Output Delay Time tDELAY VIN =3.0V  10  ms 

VDOUT ”L” Output Current IDOUTL 
VIN=2.0V, VDOUT =0.1V, 
VSENSE=0V 0.1 0.3  mA 

VDOUT Leakage Current IDOUTH VIN =6.0V, VDOUT=6.0V, 
VSENSE=6.0V   0.5 μA 

*2) This item is guaranteed under the condition of VIN range from 1.0V to 5.0V and guaranteed by design, not 
mass production tested. 
 
 
LDO SECTION                                                                  Ta=25°C 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  2.0  5.5 V 

VOUT2>2.0V x0.99  x1.01 V Output Voltage 2 (Fast Mode) VOUT2 IOUT2=5mA 
VOUT2≤2.0V -20  20 mV 

Output Voltage Range VOUT2  1.5  5.0 V 
Output Voltage2  
Temperature Coefficient 

ΔVOUT2/
ΔTa -40°C≤Ta≤85°C  ±100  ppm/°C

Output Current2 IOUT2  500   mA 

Load Regulation ΔVOUT2/
ΔIOUT2 

10mA≤ IOUT2≤500mA  50 100 mV 

Dropout Voltage VDIF Please refer to “Dropout Voltage”. 

Line Regulation ΔVOUT2/
ΔVIN 

VOUT2+0.5V≤VIN≤5.5V  
*VOUT2<4.5V 
IOUT2=10mA (Fast Mode) 

-0.1 ±0.02 0.1 %/V 

Ripple Rejection RR f=1kHz, Ripple 0.2Vp-p, 
VIN = VOUT2+1.0V, IOUT2=30mA  70  dB 

Short Current Limit ILIM VOUT2=0V  200  mA 

Soft-start Time 2*3 tSTART2 after the DC/DC soft-start   200  μs 
*3) Refer to the Timing Chart. This item is guaranteed by design, not mass production tested. 
 
 
Thermal Shutdown Section 

Description Symbol Conditions MIN. TYP. MAX. Unit 
Input Voltage VIN  1.4  5.5 V 
Thermal Shutdown  
temperature threshold TTSD Junction Temperature  140  °C 

Thermal Shutdown  
release temperature TTSR Junction Temperature  95  °C 
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●LDO Dropout Voltage 
 
 
 ・A&D_Ver. 
 

Dropout Voltage VDIF (V) Output Voltage 
VOUT2 (V) Condition Typ. Max. 

1.5≦VOUT2＜1.8 0.45 0.60 

1.8≦VOUT2＜2.1 0.40 0.53 

2.1≦VOUT2＜3.3 0.36 0.48 

3.3≦VOUT2≦5.0 

IOUT2=500mA

0.28 0.38 
 
 
 
 ・B_Ver. 
 

Dropout Voltage VDIF (V) Output Voltage 
VOUT2 (V) Condition Typ. Max. 

1.5≦VOUT2＜1.8 0.26 0.37 

1.8≦VOUT2＜2.1 0.24 0.32 

2.1≦VOUT2＜3.3 0.22 0.29 

3.3≦VOUT2≦5.0 

IOUT2=300mA

0.17 0.20 
 
 
 
 ・C_Ver. (Under Development) 
 

Dropout Voltage VDIF (V) Output Voltage 
VOUT2 (V) Condition Typ. Max. 

1.5≦VOUT2＜1.8 0.14 0.19 

1.8≦VOUT2＜2.1 0.12 0.16 

2.1≦VOUT2＜3.3 0.11 0.15 

3.3≦VOUT2≦5.0 

IOUT2=150mA

0.09 0.11 
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TYPICAL APPLICATION 
 
 
A_Version 
 

 

VSENSE

VIN 

MODE 

CE 

VSENSE 

LX 

VOUT2

GND

N.C. 

VOUT1

VDOUT

CE_control 

MODE_control

C1 

L1 
VIN 

D1

C2 C3

VIN or external pull-up Voltage 

R1

  VDOUT

  VOUT1

  VOUT2

 
 
 
 
 
 
 

B_Version 
 

VSENSE 

VIN 

MODE 

CE1 

VSENSE 

LX 

VOUT2

GND

CE2 

VOUT1

VDOUT

CE2_control 

CE1_control 

MODE_control

C1 

L1 
VIN 

D1

C2 C3

VIN or External pull-up voltage 

R1

  VDOUT

  VOUT1

  VOUT2
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C_Version (Under Development) 

 

VIN 

MODE 

CE 

VSENSE 

LX 

VOUT2 

GND 

TEST 

VOUT1 

VDOUT 
MODE_control 

C1 

L1 
VIN 

D1

C2 C3

VIN or external pull-up voltage 

  VOUT2

R1

 
 
 
 
 
 
 

 
D_Version 

 

VSENSE 

VIN 

MODE 

CE 

VSENSE 

LX 

VOUT2 

GND 

VFB 

VOUT1 

VDOUT 
CE_control 

MODE_control 

C1 

L1 
VIN 

D1

C2 C3

VIN or external pull-up voltage 

R1

  VDOUT

  VOUT1

  VOUT2

R2

R3
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■ External Components Recommendation 
 
● Inductor L1 VOUT1＜3.6V, SLF7028T-3R3M1R6-PF, (3.3μH, TDK) 
           VOUT1≧3.6V, SLF7028T-4R7M1R5-PF, (4.7μH, TDK) 
 
● Diode D1  ILXPEAK＜1.0A, CRS02, (TOSHIBA) 
         ILXPEAK≧1.0A, CMS06, (TOSHIBA) 
 
● Capacitor C1     C1608JB0J106M, (10μF, TDK) 

Capacitor C2    C1608JB0J106M, (10μF, TDK) 
 Capacitor C3     C1608JB0J106M x 2, (10μF x 2, TDK) 
 
●Pull-up Resistance R1 100kΩ 
 
◆Capacitor C2 Small Components example 
* If the small capacitors such as shown below are selected, the operation of the RP600 is stable, however, to 
reduce the output ripple, C1608JB0J106M (10μF, TDK) is better than items below. 
 

【B/C_Version】 
           VOUT2≤3.3V, C1005JB0J225M, (2.2μF, TDK) 
            VOUT2＞3.3V, C1608JB0J225M, (2.2μF, TDK) 
 

【A/D_Version】 
           VOUT2≤3.3V, C1005JB0J475M x 2, (4.7μF, TDK) 
            VOUT2＞3.3V, C1608JB0J475M, (4.7μF, TDK) 
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OUTPUT CURRENT OF STEP-UP CIRCUIT 
 

Inductor Diode 

CL Lx Tr 

VIN VOUT 

IOUT 

＜Basic Circuit＞ 

ILxmax 

ILxmin 

ton toff 
T=1/fosc 

tf 

IL 

Discontinuous 

t

ILxmax 

ILxmin 

ton toff 
T=1/fosc 

t 

IL

Iconst

Continuous 
＜Current  through Ｌ＞

 
 

There are two modes, or discontinuous mode and continuous mode for the PWM step-up switching 
regulator depending on the continuous characteristic of inductor current. During on time of the transistor, 
when the voltage added on to the inductor is described as VIN, the current is VIN×t/L. 
Therefore, the electric power, PON, which is supplied with input side, can be described as in next formula. 

                

dtt/LVP
ton 

0 
IN

2
ON ×= ∫ ·····························································································  Formula 1 

 

 
With the step-up circuit, electric power is supplied from power source also during off time. In this case, 
input current is described as(VOUT−VIN)×t/L, therefore electric power, POFF is described as in next formula. 

                

dt)t/LV(V  VP INOUT
tf 

0 
INOFF −×= ∫ ·········································································· Formula 2 

 
In this formula, tf means the time of which the energy saved in the inductance is being emitted. Thus 
average electric power, PAV is described as in the next formula. 

              

 dt})t/LV(V  Vdtt/LV{toff)1/(tonP INOUT
tf 

0 
IN

ton 

0 

2
INAV −×+××+= ∫∫ ············ Formula 3 
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In PWM control, when tf=toff is true, the inductor current becomes continuous, then the operation of 
switching regulator becomes continuous mode. In the continuous mode, the deviation of the current is 
equal between on time and off time. 

 
VIN×ton/ L＝(VOUT－VIN)×toff/L ······················································································ Formula 4 

 
Further, the electric power, PAV is equal to output electric power, VOUT × IOUT , thus,  

 
IOUT = fosc×VIN

２×ton2 /｛2×L (VOUT －VIN)｝ = VIN
２×ton/(2×L×VOUT) ································ Formula 5 

 
When IOUT becomes more than VIN×ton×toff/(2×L×(ton＋toff)),the current flows through the inductor, then 
the mode becomes continuous. The continuous current through the inductor is described as lconst, then,  

 
IOUT = fosc×VIN

2×ton2 / (2×L×(VOUT －VIN) ) + VIN×Iconst / VOUT ···································· Formula 6 
 

In this moment, the peak current, Ilxmax flowing through the inductor and the driver Tr. is described as 
follows: 

  
ILxmax = Iconst + VIN×ton / L························································································ Formula 7 

 
With the formula 4 , 6 and Ilxmax is 

 
ILxmax = VOUT /VIN ×IOUT +VIN×ton/(2×L) ····································································· Formula 8 

However, ton=(1-VIN/VOUT)/fosc 
 

Therefore, peak current is more than IOUT. Considering the value of ILxmax, the condition of input and 
output, and external components should be selected. 
In the formula 7, peak current ILxmax at discontinuous mode can be calculated. Put lconst＝0 in the 
formula. 
The explanation above is based on the ideal calculation, and the loss caused by Lx switch and external 
components is not included. Please select the inductor and the diode with current peak to the 
standard(Formula 8). 

 
 
 
EXTERNAL COMPONENTS and TECHNICAL NOTES 
 
*Make enforce both VIN and GND lines sufficient. Large current by switching may flow through the VIN line and 
GND line. If their impedance is high, the internal voltage of the IC may shift by the switching current and the 
operation may unstable. When the built-in Lx switch turns off, a spike noise may be generated caused by the 
inductor, therefore recommendation range of the voltage rating of capacitor C3 and the shottky barrier diode is 
1.5 or more times as much as the set output voltage. 
 
*Select a diode with low Vf (Shottky barrier diode), low reverse current, fast switching speed. 
 
*In this IC, after the step-up, VOUT1 voltage is used as a main power source of the IC. That means the capacitor 
C3 between VOUT1 and GND has a role of the bypass capacitor of the IC. Therefore, to select the capacitor C3 
between VOUT1 and GND, consider the bias characteristics, and mean value must be 10μF or more. Set the 
capacitor as close as possible to the VOUT1 pin and GND pin. A capacitor C1 between VIN and GND, select 10μF 
or more capacitance ceramic type. 
 
*As for the capacitor C2 between VOUT2 and GND, consider the bias characteristics, put the 2.2μF or more 
ceramic capacitor as close as possible to the VOUT2 pin and GND pin. 
-In case of A, C(Under Development), and D version, VOUT2 operates with VOUT1 voltage as power supply. 
Therefore, the capacitor C3 between VOUT1 and GND has a role of the bypass capacitor of the VOUT2. If the 
position of C2, C3 and GND are not close one another, put a 0.001uF capacitor between VOUT1 and the GND of 
C2. 
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*Select the inductance value according to the set output voltage. If VOUT1≥3.6V is true, 4.7μH is the 
recommendation value, and if VOUT1<3.6V is true, 3.3μH is the recommendation value. Low DCR, enough 
permissible current, and uneasy to become magnetic saturation characteristics are preferable. If the inductance 
value is too small, the current of Lx transistor and inductor current or Lx peak current at maximum load may 
exceed the absolute maximum rating. Choose an appropriate value. 
 
*If the spike noise of the Lx pin is large, put the snub circuit (serial CR connection) in parallel with the diode D1 
and reduce the spike noise. The time constant of CR depends on the actual PCB, and efficiency may be effected, 
therefore fully evaluation on the actual PCB is necessary. (As much as 10Ω and 300pF is the nominal value.) 
 
*The performance with this IC largely depends on the peripheral circuits. Do not exceed the ratings of voltage, 
current, and power for each external component and IC and consider the PCB layout. 
 
 
DC/DC output voltage setting method (for D version) 
DC/DC output voltage(VOUT1) is determined by the divider resisters, R2 and R3. 
VOUT1=VFBx(R2+R3)/R3 (VFB=0.6V) 
The recommendation range of R2+R3 is equal or less than 100kΩ.  
 
 
GENERAL TECHNICAL NOTES 
(Common for all versions:) 
*If the built-in detector is not used, set the VDOUT pin and VSENSE pin to the GND. 
 
*If the output of the DC/DC (VOUT1) is under the condition of the output short (VOUT1 < 0.5V), to protect the IC itself, 
the switching will stop. However, an external path remains between Vin and GND and large current flows. 
 
*When the LDO start-up, inrush current suppression function operates and until the output voltage reaches to the 
set output voltage, the maximum current is limited around the short current limit. Start-up load current must be 
low.  
 
(A, C(Under Development), and D version) 
The output of the DC/DC(VOUT1) is input voltage for LDO (VOUT2), therefore VOUT1-VOUT2 is dropout voltage for LDO, 
therefore, the decide the voltage of VOUT1 with considering the load current of VOUT2 and output characteristics of 
VOUT1 and VOUT2.  
 
If the DC/DC converter must limit the current, to protect the IC, LDO turns off. When the DC/DC starts up, if a 
heavy load is forced, or the capacitor, C3 between VOUT1 and GND is large, current limit may operate and start-up 
of the LDO may be slow. Especially, the step-up ratio is high, this phenomenon is likely to happen, and fully 
evaluation is necessary. 
 
When the LDO starts-up, inrush current limit operates, and DC/DC converter can avoid the heavy load, however, 
if the DC/DC converter's load current is large, LDO may turn off. 
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TIMING CHART (A/D version) 
Soft-start operation, DC/DC short circuit limit 
 
 
 
 

Output  
Current1 

Output  
Voltage1 

Lx 
Voltage 

Output   
Voltage2   

CE 
Voltage 

Input 
Voltage 

0.5V (   TYP.) 

0.7ms ( 
  
TYP.) 

    

0.2ms (
 
TYP.)

  
Standby 

1.6ms (  TYP.)  0.2ms ( TYP.)  

1.94V (TYP.) 
1.83V (TYP.) 

Standby LDO 
Soft Start
Period 

Fast 
mode 

Standby Low boost mode 
fosc=200kHz) Soft start period VFM mode 

(Mode pin="L") 
PWM mode Lx peak  

current  
limit

Low boost mode 
fosc=200kHz) 

Dc/DC  
short protect 



RP600x 
 

 

28 

 
(1) DC/DC Converter 
(Start-up) When the CE signal changes from "L" to "H", the DC/DC converter starts up. 
The DC/DC converter of the RP600 can start up with the low input voltage such as 0.8V. To realize this, the 
RP600 has a low-boost mode. Until the output voltage 1 reaches 1.94V (Typ.), the operation mode is 
low-boost mode. When the output voltage becomes equal or more than 1.94V, then to suppress the inrush 
current, soft-start operation starts until the output voltage 1 becomes set output voltage. 
*At the low-boost mode, the oscillator frequency becomes low, 200kHz (Typ.) Therefore, compared with the 
normal operation mode at 1.2MHz, the boost ability will worse. 
 
Soft-start time depends on the set output voltage, the input voltage, the ambient temperature, and the load 
current. 
  
 
 
 
 
 
 
 
 
 
 
 
 
(Over-current protection operation) 
If the Lx peak current may reach 1.4A (typ.), Lx peak current limit circuit may operate and control the duty 
ratio. If the output voltage becomes down to typically 0.5V or less, the switching stops to protect the IC. 
However, large current flows between Vin and GND via an external component. 
 
(2) LDO 
 Typically 1.6ms from starting the soft-start operation of the DC/DC converter, LDO starts up its operation. 
When the LDO starts up, to suppress the inrush current, LDO operation will start with soft-start and typically 
0.2ms, reaches the set output voltage. 
Until the output voltage reaches to set output voltage, the maximum current limits around the short current 
limit. Depending on the load condition and the capacity of the capacitor, C2, the start-up time will be long. 
 
(Over current protection operation) 
 The LDO has an over-current limit circuit, and if the DCDC converter limits the over current typically 0.2ms 
or longer than 0.2ms, then LDO will be into standby mode. 
 After that, when the DC/DC converter becomes VFM mode, or normal PWM mode again, then restart with 
soft-start operation. 
 If DC/DC converter becomes low-boost mode, or short protect condition, then 1.6ms from the soft-start of 
DC/DC converter, LDO also restarts with soft-start operation. 
 

Soft start period vs. Input Voltage 
RP600xxx1x 
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TIMING CHART (B version) 
 
 
 
 
 

  

Output  
Current1   

Output  
Voltage1   

Lx   
Voltage   

Output   
Voltage2   

CE1   
Voltage   

CE2   
Voltage   

Input   
Voltage   

Standby Low - Boost
Mode 
(fosc ≒ 200KHz) 

Soft Start Period VFM mode
(MODE pin= ”L”）

PWM mode Lx-Peak 
Current
Limit

Low - Boost 
mode 
(fosc ≒ 
200KHz) 

DC/DC 
Short Protect 

Standby LDO
Soft Start
Period

Fast mode

1.94V ( TYP.) 
1.83V ( TYP.) 

0.7ms ( TYP.) 

0.2ms (TYP.)
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(1) DC/DC Converter 
(Start-up) When the CE signal changes from "L" to "H", the DC/DC converter starts up. 
The DC/DC converter of the RP600 can start up with the low input voltage such as 0.8V. To realize this, the 
RP600 has a low-boost mode. Until the output voltage 1 reaches 1.94V (Typ.), the operation mode is 
low-boost mode. When the output voltage becomes equal or more than 1.94V, then to suppress the inrush 
current, soft-start operation starts until the output voltage 1 becomes set output voltage. 
*At the low-boost mode, the oscillator frequency becomes low, 200kHz (Typ.) Therefore, compared with the 
normal operation mode at 1.2MHz, the boost ability will worse. 
 
Soft-start time depends on the set output voltage, the input voltage, the ambient temperature, and the load 
current. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
(Over-current protection operation) 
If the Lx peak current may reach 1.4A (typ.), Lx peak current limit circuit may operate and control the duty 
ratio. If the output voltage1 becomes down to typically 0.5V or less, the switching stops to protect the IC. 
However, large current flows between Vin and GND via an external component. 
 
(2) LDO 
 When the CE2 signal changes from "L" to "H", LDO starts up. 
When the LDO starts up, to suppress the inrush current, LDO operation will start with soft-start and typically 
0.2ms, reaches the set output voltage. 
Until the output voltage reaches to set output voltage, the maximum current limits around the short current 
limit. Depending on the load condition and the capacity of the capacitor, C2, the start-up time will be long. 
 
(Over current protection operation) 
 The LDO has an over-current limit circuit, and if the DCDC converter limits the over current typically 0.2ms 
or longer than 0.2ms, then LDO will be into standby mode. 
 After that, when the DC/DC converter becomes VFM mode, or normal PWM mode again, then restart with 
soft-start operation. 
 If DC/DC converter becomes low-boost mode, or short protect condition, then 1.6ms from the soft-start of 
DC/DC converter, LDO also restarts with soft-start operation. 
 

Soft start period vs. Input Voltage 
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TIMING CHART (B/C version) C version(Under Development) 
 
LDO mode shift operation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*In the case of CE(1) pin "L" and Mode pin "L" 
LDO operates at auto ECO mode, by the load current, the low power mode and the fast mode switch over 
automatically. 
The switchover point is internally fixed. 
 
From the low power mode to the fast mode: switchover current 3.2mA (typ.) 
From the fast mode to low power mode: switchover current 1.5mA(typ.) 
 
*In the case of CE(1) pin "L" and Mode pin "H" 
LDO always operates at the fast mode regardless of the load current. 
 
*In the case of CE(1) pin "H", 
LDO always operates at the fast mode regardless of the condition of MODE pin. 
 

 
 
 

Output 
Current2 

Output 
Voltage2 

CE(CE1) 
Voltage 

Low Power 
Mode 

3.2mA (TYP) 

MODE 
Voltage 

1.5mA (TYP) 

Fast Mode Low Power 
Mode 

Fast Mode Low Power 
Mode 

Fast Mode 

Auto Eco Mode Auto Eco Mode 
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よって１サイクル中の平均電力PAVは 
 

dt}t/L)V(V  Vdtt/LV{toff)1/(tonP INOUT
tf 

0 
IN

ton 

0 

2
INAV ×−×+××+= ∫∫ ·······················式 3 

となります。 
 
PWM制御方式ではtf=toffとなる時にインダクタンスの電流は連続的になり、スイッチングレギュレータの動作は

連続モードになります。連続モード時の定常状態では電流の変化分が等しいので 
 

VIN × ton/ L = (VOUT - VIN)⋅toff / L···································································································式 4 
となります。 
またこの電力 PAVは出力電力VOUT × IOUTと等しくなるので以上のことより 
 

IOUT = fosc × VIN
2 × ton2 /｛2 × L (VOUT - VIN)｝= VIN

2 × ton/(2  × L ×  VOUT)···································式 5 
となります。 
 
IOUT が式 5 より大きくなるとコイル連続して電流が流れ連続モードになります。コイルに連続して流れる電

流を Iconst とすると、IOUTは、 
 

IOUT = fosc × VIN
2 × ton2 / (2 × L (VOUT - VIN) ) + VIN × Iconst / VOUT·········································式 6 

 
となります。この時のコイルに流れるピーク電流 ILxmax は次のように表されます。 
 

ILxmax = Iconst + VIN × ton / L································································································式 7 
 

ここで式 4、6 より 
 

ILxmax = VOUT / VIN × IOUT + VIN × ton/( 2 × L)·········································································式 8 
 
但し、 ton=( 1 - VIN / VOUT) / fosc 
 
 
となり、ピーク電流は IOUTに比べて大きな値になります。ILxmax に注意して入出力条件、周辺部品を決定し

て下さい。また、式 7 において不連続モードでのピーク電流 ILxmax は Iconst = 0 として求められます。以上

の説明は理想的な場合の計算で外付け部品や内蔵 Lx スイッチでのロスが含まれておりませんが、式 8 のピー

ク電流を目安にインダクタ、ダイオードの選定を行ってください。 
 

 



1）　Standby Current vs. Temperature 2）　CE (or CE1) Input Voltage vs. Temperature
      ( * for A/B/D ver. Only )

3）　CE2 Input Voltage vs. Temperature 4）　MODE Input Voltage vs. Temperature
      ( * for B ver. Only )

5）　Supply Current1  vs. Temperature 6）　Supply Current2  vs. Temperature
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7）　Supply Current3 (at B ver.) vs. Temperature 8）　Supply Current4 (at B ver.) vs. Temperature
      (* for B ver. Only)      (* for B ver. Only)

9）　Supply Current5 vs. Temperature ( * for B ver. Only 10）　Supply Current6  vs. Temperature
       ( * for B ver. Only )

11)　Supply Current3 (at C ver.) vs. Temperature 12）Supply Current4 (at C ver.) vs. Temperature
      (* for C ver. Only)      (* for C ver. Only)
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13）　Output Voltage1 vs. Output Current1

14）　Efficiency vs. Output Current1

・A / D ver.
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・B ver.
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15）　Output Voltage1( or VFB ) vs. Temperature

・A/B/C ver. ・D ver.

16）　Output Voltage1( or VFB ) Temperature Coefficient vs. Temperature

・A/B/C ver. ・D ver.

17）　MAXDUTY  vs. Temperature 18）　DC/DC_Start-up Voltage vs. Temperature
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19）　DC/DC_ Soft Start Period  vs. Temperature 20）　DC/DC_ Soft Start Period vs.　Input Voltage

21）　Switching Frequency  vs.  Temperature 22）　Switching Frequency Temperature Coefficient   vs.  Temperature

23）　LX peak Current Limit  vs. ON Duty
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24）　LX peak Current Limit  vs. Temperature

25）　Hold-on Voltage vs. Temperature
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26）　Output Voltage 2 vs. Output Current 2
・A / D ver.

・B ver.
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・C ver.

27）　Output Voltage 2  vs. Input  Voltage
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28） Supply Current 5  vs. Input Voltage ( * for B ver. Only )
       Supply Current 4 ( at C ver. )  vs. Input Voltage ( * for C ver. Only )  
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29）　Supply Current 6  vs. Input Voltage ( * for B ver. Only )
RP600x0xxB
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30）　Supply Current3 ( at C ver. ) vs. Input Voltage ( * for C ver. Only )

31）　Supply Current LDO vs. Output Current2 ( * for B/C ver. Only )

・B ver.
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・C ver.

32）　Output Voltage 2 vs. Temperature

33）　Output Voltage 2 Temperature Coefficient  vs. Temperature
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34）　Dropout Voltage 2  vs. Output Current 2

・A / D ver.

・B ver.
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・C ver.

35）　Dropout Voltage 2  vs. LDO_VSET

36）Ripple Rejection_LDO vs. Input Voltage 37）Ripple Rejection_LDO vs. Frequency
      [LDO=Fast mode]      [LDO=Fast mode]
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38）　ESR_LDO  vs.  Output Current 2  [LDO = Fast mode]

39）　ESR_LDO  vs.  Output Current 2  [LDO= Low power mode] (* for B/C ver. Only )
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38）　ESR_LDO  vs.  Output Current 2  [LDO = Fast mode]

39）　ESR_LDO  vs.  Output Current 2  [LDO= Low power mode] (* for B/C ver. Only )
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40）　Detector Threshold  vs.  Temperature 41）　Detector Threshold  Temperature Coefficient vs.  Temperature

42）　Detector Threshold   vs.  Input Voltage 43）　Detector Hysteresis   vs.  Temperature
・A / B / D ver.

・C ver. ( *Hysteresis = 30% ) ・C ver. ( *Hysteresis = 80% )

44）　Detector Hysteresis   vs.  Input Voltage
・A / B / D ver. ・C ver. ( *Hysteresis = 30% )
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・C ver. ( *Hysteresis = 80% ) 45）　VDOUT vs.  Input Voltage

46）　Nch Driver Output Current  vs. VDOUT 47）　Nch Driver Output Current  vs. Input Voltage

48）　Release Output Delay Time vs. Temperature

・A / B / D ver. ・C ver.

49）　Release Output Delay Time vs. Input Voltage
・A / B / D ver.
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50）　Turn On Speed with CE pin ( * for A/C/D ver. Only )
・A / D ver.

・C ver.

51）　Turn On Speed with CE pin [ 1'st ： CE1,  2'nd ： CE2 ] (* for B ver. Only )

Under Development

RP600xxxxA/D
DC/DC = 5.5V, LDO = 5.0V, MODE = L

VIN = 4.0V, IOUT1 = -500m A, IOUT2 = -50mA,
Topt = 25°C

0
1
2
3
4
5
6
7

-0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
time [ms]

Vo
lta

ge
 [V

]

0
300
600
900
1200
1500

In
pu

t C
ur

re
nt

 [m
A]

DC/DC_Output Voltage

LDO_Output Voltage

CE Voltage

Input Current

RP600x0xxB
DC/DC = 5.5V, LDO = 3.3V, MODE = L

VIN = 4.0V, IOUT1 = -1000mA, IOUT2 = -0.1m A,
Topt = 25°C

-4
-3
-2
-1
0
1
2
3
4
5
6

-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
time [ms]

Vo
lta

ge
 [V

]

0
500
1000
1500
2000
2500
3000

In
pu

t C
ur

re
nt

 [m
A]

DC/DC_Output Voltage

LDO_Output Voltage

CE1 Voltage

Input Current

CE2 Voltage



52）　Turn On Speed with CE pin   [ 1'st ： CE2,  2'nd ： CE1 ] (* for B ver. Only)

53）　LDO Start-up Waveform  ( DC/DC=Standby ) (*for B/C ver. Only)

54）　DC/DC Start-up Waveform  ( LDO=Standby ) (*for B ver. Only)
RP600x0xxB
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-0.5

0

0.5

1

1.5

2

2.5

3

3.5

-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time [ms]

Vo
lta

ge
 [V

]

-200

0

200

400

600

800

1000

1200

1400

In
pu

t C
ur

re
nt

 [m
A]DC/DC Output Voltage

CE1 Input Voltage

Input Current

RP600xxxxB/C
LDO= 3.3V, VIN = 4.3V, CE1=L

 IOUT2 = -1mA,  topt = 25°C, MODE="L"

-2
-1
0
1
2
3
4
5
6

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Time [ms]

V
ol

ta
ge

 [V
]

-40
0
40
80
120
160
200
240
280

Iin
 [m

A]

Input Current

Output Voltage2

CE2 Voltage

RP600xxxxB/C
LDO= 3.3V, VIN = 4.3V, CE1=L

 IOUT2 = -1mA,  topt = 25°C, MODE="H"

-2
-1
0
1
2
3
4
5
6

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Time [ms]

V
ol

ta
ge

 [V
]

-40
0
40
80
120
160
200
240
280

Iin
 [m

A]

Input Current

Output Voltage2

CE2 Voltage

RP600x0xxB
DC/DC = 5.5V, LDO = 3.3V, MODE = L

VIN = 4.0V, IOUT1 = -1000mA, IOUT2 = -0.1m A,
Topt = 25°C

-4
-3
-2
-1
0
1
2
3
4
5
6

-0.5 0 0.5 1 1.5 2 2.5 3 3.5
time [ms]

Vo
lta

ge
 [V

]

0
500
1000
1500
2000
2500
3000

In
pu

t C
ur

re
nt

 [m
A]

DC/DC_Output Voltage

LDO_Output Voltage

CE1 Voltage

Input Current

CE2 Voltage



55）　Turn Off Speed with CE pin  (*for A/C/D ver. Only)

・A / D ver.

・C ver.

56）　Turn Off Speed with CE pin [ 1'st ： CE1,  2'nd ： CE2 ] (* for B ver. Only )

Under Development

RP600xxxxA/D
DC/DC = 5.5V, LDO = 5.0V, MODE = L

VIN = 4.0V, IOUT1 = -500mA, IOUT2 = -50m A,
Topt = 25°C
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57）　Turn Off Speed with CE pin [ 1'st ： CE2,  2'nd ： CE1 ] (* for B ver. Only)

58）　Output Voltage1, Output Voltage2, Lx Waveform
・A / B / D ver.

・C ver.

Under Development

RP600x0xxB
DC/DC = 5.5V, LDO = 3.3V, MODE = L

VIN = 4.0V, IOUT1= -1000m A, IOUT2= -50m A,
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59）　Input Voltage Transient Response _ LDO ( DC/DC=Standby) (* for B/C ver. Only)

60）　Load Transient Response  ( DC/DC & LDO )

・A / D ver.

61）　DC/DC Load Transient Response,    LDO_Output Voltage

・A / D ver.

RP600xxxxB/C
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・B ver.

62）　LDO Load Transient Response,    DC/DC_Output Voltage

・A / D ver.

・C ver.

Under Development

RP600xxxxA/D  DC/DC= 5.5V, LDO= 5.0V
V IN = 4.0V, Topt = 25°C, MODE="L"

DCDC_IOUT = -0.1mA, LDO_IOUT = 0⇔-100mA
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RP600x0xxxB  D/CDC= 5.5V, LDO= 3.3V
VIN = 4.0V, Topt = 25°C, MODE="L"

DCDC_IOUT = -0.1mA⇔-500mA, LDO_IOUT = -100mA
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63）　Load Transient Response_LDO　（ DC/DC = Standby  ) (* for B/C ver. Only)

64）　Load Transient Response_DC/DC　（ LDO = Standby  ) (* for B ver. Only)

RP600x0xxB
DC/DC=3.3V, V IN=1.65V, MODE=L, CE2=L, Topt=25℃
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65）　MODE Switch Transient Response　（ DC/DC & LDO )

・A / D ver.

66）　MODE Switch Transient Response_LDO 67）　MODE Switch Transient Response_DC/DC
         （ DC/DC = Standby ) (* for B/C ver. Only)        （ LDO = Standby )  (* for B ver. Only)

RP600xxxxA/D   DC/DC= 5.5V, LDO= 5.0V
VIN = 4.0V, DCDC_IOUT = -0.1mA, LDO_IOUT = -20mA, Topt = 25°C
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