RICOH

Step-Up DC_DC Converter with voltage regulator and detector
NO.EA-237-110412

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 200us. 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 VVoltage Range - wwssessessessmssissinisnisenns 0.8V~5.5V

. ngh Efﬁciency .................................................... 85% (100mA/33V, VIN:1-5V1 25°C)

. OUtpUt Current ..................................................... 500mA/42V(V|N=25V)

. |nterna| SW|tCh .................................................... NMOS:O'IGQ, (lf VOUT1=3.3V)

. oUtpUt Vo|tage To|erance .................................... i20%

. Frequency ........................................................... Typ 12MHZ

@ Output Voltage Range -« wwreermermmmmsenneneees 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 «--«---seseeeeeeenees Typ. 1.4A

LDO regulator part

*Input Voltage Range (Applied to B version only) -« from 2.0V to 5.5V

@ Output Voltage Range <« weeermemmmmmn, Fixed: Standard voltage in the range from 1.5V to 5.0V

. output Vo|tage T0|erance ......................................... i1 0%

® Turn-on Speed ......................................................... Typ. 100uS

@ Maximum Output Current -«:-xsereserssesesseees Min. 500mA guaranteed (A/D version)

....................................................................................... M|n 300mA guaranteed (B Version)
...................................................................................... M|n 150mA guaranteed (C Version) Under development

Voltage Detector Part

@ Detector Threshold Range:«-««-«x-xrrereererrmrenneene Fixed: Standard voltage in the range from 1.0V to 4.5V

@ Released Output Delay Time - seeeeemrmrmineienins Typ. 10ms (A/B/D version)

....................................................................................... Typ. Oms (C version) under development

@ Detector Threshold Hysteresis ««-x-wrrermmeeereeeaes 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

. Sma” Package .......................................................... DFN(PLP)2527_10

@ Thermal shutdown temperature threshold -« Tj=125°C (A/B/D version only)

@ External components --««xsseeeeremmnsnei CIN=10uF, Coyt1=10uFx2, L=3.3uH(If the output of the

DC/DC is 3.6V or more, 4.7uH is our recommendation value.)
....................................................................................... COUT2=2-2HF(B/C VerSion LDO)
....................................................................................... COUT2=1OUF(A/D VerSion LDO)

APPLICATIONS

@ Portable equipment such as DSC, cellular phones, electrical dictionaries, IC recorders
@ Blood pressure meter
@® Smoke Detector

RICOH
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BLOCK DIAGRAMS
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RP600K0xxB
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RP600K2xxC (Under Development)
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RP600K1xxD
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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
RPG600KO0xxA-TR 5,000pcs O O
RP600K0OxxB-TR DFN 5,000pcs @) @)

RP600K2xxC-TR(under PLP)2527-10
Development) ( ) 5,000pcs O O
RP600K1xxD-TR 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.

RICOH
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Function version table

DC/DC LDO VD
Output EN Output Output .
Ver. Voltage bin Current Input EN Mode Delay Hysteresis
. 500mA DC/DC 2 .
A Fixed CE (depends) output CE Fixed fast mode Yes 5%
. DC/DC active: fast mode
B Fixed CE1 300mA VIN CE2 DC/DC off: controlled by MODE*? Yes 5%
30 ~ 80%
o . DC/DC Ever DC/DC active: fast mode .
€| Fixed | CE | 150mA | liout | ON | DC/DC off: controlied by MODE® | NO | Wwithastep
of 10%
D | Adust | CE | 500mA %t’p EL? CE? Fixed fast mode Yes 5%

*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 (lout2<0.7mA: low power mode, lout2>5.0mA: fast mode)

Mode pin "H": fast mode

PIN CONFIGURATION
DFN(PLP)2527-10

Mark Side Bottom view
(Top view)
10
Jubtd
O oo
1 1

PIN DESCRIPTIONS
o RPBOOKOxXXA

Pin Number Symbol Descriptions
1 VsEnsE SENSE pin (for Voltage Detector)
2 Vpout 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 VouTi 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.
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¢ RP600K0xxB

Pin Number Symbol Descriptions
1 Vsense SENSE pin (for Voltage Detector)
2 Vbout 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 VN Power input pin
9 Vout1 DC/DC converter output pin
10 Vourz 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 Vpout 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 VouTi 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.

e RP600K 1xxD

Pin Number Symbol Descriptions
1 Vsense SENSE pin (for Voltage Detector)
2 Vpout Output pin of the voltage detector, Nch open drain output
3 Ves 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 VouTi 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.

RICOH
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ABSOLUTE MAXIMAM RATINGS

Symbol ltems Ratings Unit

VIN VIN Supply Voltage -0.3~6.0 Vv

VOouT1 VouT1 Pin Voltage -0.3~6.0 \Y

CE pin Voltage N

CE (other than B version) -0.3~6.0 v

VouT2 VouTt2 Pin Voltage -0.3~Vour1+0.3 \Y

VLX V.x Pin Voltage -0.3~6.0 \

Vpour VDouT Pin Voltage -0.3~6.0 \Y

Vsense VSENSE Pin Voltage -0.3~6.0 \

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

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

VVMODE MODE Pin Input Voltage -0.3~6.0 Vv

VFB VFB Pin Voltage (D version) -0.3~Vou71+0.3 \Y

o DFN(PLP)2527-10(1)| 910

Pb Power Dissipation DEN(PLP)2527-10(2)[ 1400 mwW

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.

RICOH
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ELECTRICAL CHARACTERISTICS

RP600K0OxxA
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 Vv < Vv <
(LDO operating DC/DC with|  lssi  |Vin=Vours = Ve =VSETx 0.95V 2606’1130 3506’150 WA
heavy load PWM operation)
Quiescent Current 2 _ _ _
(LDO operating DC/DC with|  lss, ¥'N = ng\}‘ Vee =55V, 170 260 | uA
light load VFM operation) MODE
Standby Current |standby ViN= VOUT1 =55V, VCE =0V 1.0 6.0 [JA
CEH” Input Current ICEH V|N = VOUT1 = VCE =55V 0.5 |JA
CE "L” Input Current lceL Vin= Vour1 = 5.5V, Ve = OV -0.5 MA
MODE "H” Input Current Imoben  |VIN= Vmope = 5.5V 0.5 |JA
MODE "L~ Input Current IMODEL V|N =55V, VMODE =0V -0.5 |JA
CE input "H” level Voltage VceH 0.7 V
CE input “L” level Voltage C 0.3 \Y
MODE input
"H” level Voltage Vimopen 11 v
MODE input
“L” level Voltage Vaer 0.4 v
DC/DC SECTION Ta=25°C
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 5.5 V
Start-up Voltage VsTART Ioad_current =1mA, 0.8 \Y
VCE - VOUT1
Hold-on Voltage (after start-up) VhoLp Ioad_current = 1mA, 0.7 \Y
Vce = Vourt
Output Voltage1 VouTi x0.98 x1.02 \Y
Output Voltage Range1 VouTi 2.3 5.5 \Y
Output Voltage1 Temperature| AVouyrs o o o
Coefficient AT -40°C<Ta<85°C +50 ppm/°C
Switching Frequency fosc |Vin=Vout1= Vserx 0.7 1020 1200 1380 kHz
Switching Frequency o o o
Temperature Coefficient Afosc/ATal|-40°C<Ta<85°C +0.27 kHz/°C
Lx Switch ON Resistance *1 Ronn  [Vout1=3.3V 0.16 Q
Vin= Vour1 = Vix = 6.0V,
Lx Leakage Current ILx Vee = OV 2.0 pA
Lx Current Limit ILXPEAK V|N = VSET x 0.5 1.2 1.4 A
Maximum Duty Cycle Maxdty [Vin= Vout1= Vserx 0.7 80 88 95 %
. V|N= VSETX 05,
Soft start time 1 tsTaRT1 Vee = OV 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 Voyrs.

RICOH
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VD SECTION Ta=25°C
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 0.8 5.5 V

Voltage Detector Threshold Vper  |Vin = 3.0V x0.9872 x1.0272 V

Voltage Detector

Threshold Range “Voer 1.0 4.5 v

Voltage Detector Threshold o o o

Temperature Coefficient AVper/ATa |-40°C<Ta<85°C +100 ppm/°C

Detector Threshold Hysteresis Vhys  |Vin=3.0V -Vperx0.05

Sense Resistance RSENSE V|N =6.0V, VSENSE =6.0V 0.2 20 MQ

Voltage Detector _

Released Output Delay Time toecar  |Vin = 3.0V 10 ms

VbouT "L” Output Current lbour. [N = 2.0V, Voour = 01V, 4 0.3 mA

Vsense = 6.0V

*2) This item is guaranteed under the condition of V| 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 20 5.5 \Y
IOUT2 =5mA VOUT2 > 2.0V x0.99 x1.01 \
Output Voltage 2 (Fast Mode) Vour2 Vours < 2.0V 20 20 v
Output Voltage Range Vout2 1.5 5.0 V
Output Voltage2 Temperature| AVoyry/ o o o
Coefficient ATa [A0°C<Ta<85C +100 ppm/°C
Output Current2 lout2 500 mA
Load Regulation AVourd/ |4oma < lout2 < 500MA 50 100 mV
Aloyt2
Dropout Voltage Ve Please refer to “Dropout Voltage”.
AVer o] Vour2+0.5V<V 5.5V
Line Regulation AS/UTZ *Voura<4.5V -0.1 | +0.02 | 0.1 %IV
N loyur2=10mA (Fast Mode)
. C f=1kHz, Ripple 0.2Vp-p,
Ripple Rejection RR Vin = Vourat1.0V, loyro=30mA 70 dB
Short Current Limit lLm VOUT2=0V 200 mA
Soft-start Time 2 tstarT2 |after the DC/DC soft-start 200 us
*3) This item is guaranteed by design, not mass production tested.
Thermal Shutdown Section
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage Vin 14 55 \
Thermal Shutdown . ;A
temperature threshold Ttsp  [Junction Temperature 140 C
Thermal Shutdown release . o
temperature Ttsr  [Junction Temperature 95 C

RICOH
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RP600K0OxxB

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| Issr |\ 7 yours Veerx 095V purx | oumx | A

heavy load PWM operation) CE1TYCE2™:

Quiescent Current 2 _ _ _

(LDO active, DCDC with| Issy [\~ vOUTT=22Y, Virooe=OV 170 260 | pA

light load VFM operation) CETTYCE2™:

Quiescent Current 3 _ _

(LDO off, DCDC with heavy| Isss [\ oqi=veeX09S Vourx260 | VO X | A

load PWM operation) MODE=H T, YRS T, VCE2

Quiescent Current 4 _ _ _

(LDO off, DCDC with light] Isss [N Y2UI17S5V, Wuiooe=0V 120 170 | A

load VFM operation) CE1T=- T, TCE2

Quiescent Current 5 | lout2=0MA, Vmope=5.5V 50 92 A

(LDO fast mode, DCDC off) | 'S%5  |Vgq=0V, Vego=5.5V H

Quiescent Current 6 (LDO | lout2=0mA, Vmope=0V 6.0 15.0 A

low power mode, DCDC off)| 'S0 |Veq=0V, Veer=5.5V ' : H

Vin = Vour1=5.5V,

Standby Current Istandby Veer=Ver=0V 1.0 6.0 MA

CE1"H” Input Current ICE1H V|N = VOUT1= VCE1=5-5V 0.5 }JA

CE1’L” Input Current lce1L Vin = Vout1=5.5Y, VCE1=0V -0.5 |JA

CE2 "H” Input Current lceon  |Vin = Vee2=5.5V 0.5 WA

CE2 "L ||"Ipl.|t Current ICE2L V|N =5.5V, VCE2=OV -0.5 |JA

MODE "H” Input Current IMODEH V|N = VMODE=5-5V 0.5 }JA

MODE "L” Input Current IMODEL V|N =5.5V, VMODE =0V -0.5 }JA

CE1 input "H” level Voltage VcetH 0.7 \

CE1 input “L” level Voltage VeceiL 0.3 \Y

CEZ2 input "H” level Voltage VcEoH 1.0 \Y

CE2 input “L” level Voltage o 04 V

MODE input

"H” level Voltage Viopex 11 v

MODE input

“L” level Voltage Vivopet 0.4 v

RICOH
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DC/DC SECTION Ta=25°C
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 5.5 V
Start-up Voltage Vstart  |louti = 1TMA, Vee1=Vour 0.8 v
Hold-on Voltage(after start-up) VHOLD IOUT1 =1mA, VCE1=VOUT1 0.7 V
Output Voltage1 VouTi x0.98 x1.02 \Y
Output Voltage Range1 VouTi 2.3 5.5 \Y
Output Voltage1 AVouri/ o ° o
Temperature Coefficient ATa -40°C<Ta<85°C 50 ppm/°C
Switching Frequency fosc |Vin=Vout1i=Vsetx0.7 1020 1200 1380 kHz
Switching Frequency Afosc/ o o o
Temperature Coefficient ATa -40°C<Ta<85°C 0.27 kHz/°C
Lx Switch ON Resistance *1 Ronn  [Vouti=3.3V 0.16 Q
Vin =Vour1=Vix=6.0V,
Lx Leakage Current lLx Vg =0V 20 pA
Lx Current Limit |LXPEAK V|N=VSETXO.5 1.2 1.4 A
Maximum Duty Cycle Maxdty [Vin =Vout1=Vserx0.7 80 88 95 %
. V|N=VSETXO.5,
Soft start time 1 tsTART1 V=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

VOItage of VOUT1 .

VD SECTION Ta=25°C
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 0.8 5.5 V
Voltage Detector Threshold Vper  |Vin =3.0V x0.9872 x1.027 V
Detector Threshold Range -VpeT 1.0 4.5 \Y
Voltage Detector Threshold o o o
Temperature Coefficient AVper/ATa |-40°C<Ta<85°C +100 ppm/°C
Detector Threshold Hysteresis Vhys  |ViN=3.0V -Vperx0.05
Sense Resistance RSENSE V|N =6.0V, VSENSE =6.0V 0.2 20 MQ
Voltage Detector _
Released Output Delay Time toecar - |Vin =3.0V 10 ms
VbouT "L” Output Current lbour. | UN=2-0V, Voour =01V, | 4 0.3 mA
VSENSE_OV
V|N =6.0V, VDOUT=6-OV1
V Leak t [ .
pout Leakage Curren DOUTH  I\/er se=6.0V 0.5 pA

*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 \Y
_ Vout2>2.0V x0.99 x1.01 %
Output Voltage 2 (Fast Mode) Vour2 |louto=5mA Vours<2.0V 20 20 p—y’
Output Voltage Range VouT2 1.5 5.0 \Y
Output VoItageZ AVOUTZ/ ° ° o
Temperature Coefficient ATa -40°C<Ta<85°C +100 ppm/°C
Output Current2 lout2 300 mA
Fast Mode Switch-over Current louth [loute=Light load to Heavy Load 3.2 5.0 mA
Low Power Mode _ .
Switch-over Current loutt |lout2=Heavy load to Light Load 0.7 1.5 mA
AV, / 0.5mA< |QUT2S10mA Vour2>2.0V -1.2 1.2 %
Load Regulation AISE,:; Voer=Vmope=0V Voute<2.0V -24 24 mV
10mMA< loyt.<300mA 30 60 mV
Dropout Voltage Voir Please refer to “Dropout Voltage”.
VOUT2+0-5V£ IOUT2:0-5mA _02 02
Line Regulation AVOUTz/A V|NS5.5V, (LOW_POWGI' Mode) Y,
Vin'© [Vmope=0V  |lour2=10mA 01 | +002 | 01
*Voure<4.5V |(Fast Mode) ’ - ’
. . f=1kHz, Ripple 0.2Vp-p,
Ripple Rejection RR Vi = Vourz*t1.0V, lour,=30mA 70 dB
Short Current Limit ILIM VOUT2=0V 150 mA
Soft-start Time 2 tstarTe |after the DC/DC soft-start 200 us
*3) This item is guaranteed by design, not mass production tested.
Thermal Shutdown Section
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 1.4 5.5 V
Thermal Shutdown . o
temperature threshold Ttsp  [Junction Temperature 140 C
Thermal Shutdown . o
release temperature Ttsr  [Junction Temperature 95 C

RICOH
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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 Vv < Vv <
(LDO on, DC/DC with heavy| Iss1  [Vin = Vouri=Vee=Vser x 0.95V 2606’1%0 356’150 uA
load PWM operation
Quiescent Current 2 _ _
(LDO on, DC/DC with light] Issz  [\NAOUT=00 170 260 | pA
load VFM operation CE™ ¥MODE™H T
Quiescent Current 3 | Vin= Vout1=5.5V, 20 70 A
(LDO with low power mode) SS3 IWee =Vwope=0V, lout2=0mA ' ' H
Quiescent Current 4 Vin=Vout1=Vmope=b5.5V,
(LDO with fast mode) lsse  lyee=0v 50 90 WA
CEH” Input Current ICEH V|N = VOUT1= VCE =5.5V 0.5 |JA
CE’L” Input Current ICEL V|N = VOUT1:5-5V, VCE =0V -0.5 |JA
MODE "H” Input Current IMODEH V|N = VMODE=5-5V 0.5 }JA
MODE "L~ Input Current Imooer  |Vin =5.5V, Vmope =0V -0.5 |JA
CE input "H” level Voltage Veen 0.7 \Y
CE input “L” level Voltage VceL 0.3 \Y
MODE input
"H” level Voltage Viopex 11 v
MODE input
“L” level Voltage VmopeL 0.4 \%
DC/DC SECTION Ta=25°C

Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 5.5 V
Start-up Voltage Vstart |[lour = 1MA, Vce=Vours 0.8 v
Hold-on Voltage (After start-up) | Vuopo [lour = 1MA, Vee=Vours 0.7 \Y
Output Voltage1 VouTi x0.98 x1.02 \Y
Output Voltage Range1 VouTi 2.3 5.5 \Y
Output Voltage1 AVouti/ o o o
Temperature Coefficient ATa -40°C<Ta<85°C 50 ppm/°C
Switching Frequency fosc |Vin=Vout1=Vsetx0.95 1020 1200 1380 kHz
Switching Frequency Afosc/ o o o
Temperature Coefficient ATa -40°C<Ta<85°C +0.27 kHz/°C
Lx Switch ON Resistance *1 Ronn  |Vout1=3.3V 0.16 Q
Vin=VouT1=V x=6.0V,
Lx Leakage Current lLx Vee=0V 20 pA
Lx Current Limit |LXPEAK V|N=VSETXO.5 1.2 1.4 A
Maximum Duty Cycle Maxdty [Vin=Vour1=Vserx0.7 80 88 95 %
. V|N=VSETXO.5,

Soft start time 1 tsTART1 V=0V to 1.5V 0.1 10.0 30 us

*1) This item is guaranteed by design, not mass production tested. Lx switch On resistance depends on the

VOItage of VOUT1 .
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VD SECTION Ta=25°C
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 0.8 5.5 V
Voltage Detector Threshold Vper  |Vin =3.0V x0.9872 x1.0272 V
Voltage  Detector  Threshold Voer 10 45 v
Range
Voltage  Detector  Threshold o o o
Temperature Coefficient AVper/ATa |-40°C<Ta<85°C +100 ppm/°C
Detector Threshold Hysteresis Vivs  |Vin=3.0V “Verx0.3 to
-VDETXO.B
Sense Resistance RSENSE V|N =6.0V, VSENSE =6.0V 0.2 20.0 MQ
Voltage Detector  Released _
Output Delay Time toeay VN =3.0V 0 ms
VbouT "L” Output Current o [UN=2:0V, Voour =01V, 1 g 4 0.3 mA
Vpout Leakage Current lbouTH Vin =6'9V’ Voour=6.0V, 0.5 uA
Vsense=0V

*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 20 5.5 V

IOUT2=5mA VOUT2>2-OV x0.99 x1.01 %
Output Voltage 2 (Fast Mode) VouT2 Vours<2.0V 20 20 —V
Output Voltage Range Vout2 1.5 5.0 V
Output Voltage2 AVouto! o o o
Temperature Coefficient ATa  [40°C<Ta<85°C +100 ppm/°C
Output Current2 lout2 150 mA
Fast Mode Switch-over Current louth [lout2=Light load to Heavy Load 3.2 5.0 mA
Low Power Mode _ .
Switch-over Current louTL IOUTz—Heavy load to nght Load 0.7 1.5 mA

0.5MA< loyro<10mA |Vour2>2.0V | -1.2 1.2 %
Load Regulation AVour:/ 24 24 vV

AIOUTZ VOUTQSZ.OV - m

10mA< IOUT2S1 50mA 15 T.B.D. mV

Dropout Voltage Ve Please refer to “Dropout Voltage”.
|OUT2=O.5mA

Vout2+0.5V< -0.2 0.2

Line Regulation AVS/UW/ AN\, <5.5V I(LOW—E])S\:}:(X Mode) %/
IN * ouT2= i
Vout2<4.5V (Fast Mode) 0.1 | £0.02 0.1
. C f=1kHz, Ripple 0.2Vp-p,

Ripple Rejection RR Vin = Vourat1.0V, loyro=30mA 70 dB
Short Current Limit lLm VOUT2=0V 50 mA
Soft-start Time 2*3 tsTART2 200 us

*3) This item is guaranteed by design, not mass production tested.

RICOH
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RP600K 1xxD

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 _ N

(LDO operating DC/DC with|  lss: x'N‘:%\?V' Vour=Vee=2.5V, 700 950 | pA

heavy load PWM operation) FB

Quiescent Current 2 _ L

(LDO operating DC/DC with|  lssy ¥'N‘V2UOT\1/‘&CE;§"§\\/” 170 260 | uA

light load VFM operation) MODE=HY, ¥FB™ 1

Standby Current Istandby |Vin=VouTt1=5.5V, Ve =0V 1.0 6.0 MA

CE"H” Input Current lcen Vin=Vout1= Vcg =5.5V 0.5 |JA

CE’L” Input Current lceL Vin=Vout1=5.5V, Ve =0V -0.5 |JA

MODE "H” Input Current IMODEH V|N = VMODE =55V 0.5 }JA

MODE "L” Input Current IMODEL V|N =5.5V, VMODE =0V -0.5 }JA

CE input "H” level Voltage Vcen 0.7 \Y

CE input “L” level Voltage VceL 0.3 \Y

MODE input

"H” level Voltage Vimopen 11 v

MODE input

“L” level Voltage VimopeL 0.4 \%

DC/DC SECTION Ta=25°C

Description Symbol Conditions MIN. TYP. MAX. Unit

Input Voltage VN 5.5 V

Start-up Voltage Vstart  |louti = 1TMA, Vee1=Vour 0.8 V

Hold-on Voltage (after start—up) VHoup lout1 = TmA, Vce1=Vouri 0.7 V

Feedback Voltage Ves 0.588 0.600 0.612 V

Output Voltage Range1 Vouti 2.3 5.5 V

Output Voltage1 AVouti/ o o o

Temperature Coefficient ATa | 40°C<Tas85°C £50 ppm/°C

SWItChlng Frequency fosc Vin=Vout1=VserXx0.7 1020 1200 1380 kHz

Switching Frequency Afosc/ o o o

Temperature Coefficient ATa -40°C<Ta<85°C +0.27 kHz/°C

Lx Switch ON Resistance *1 Rony  [VouT1=3.3V 0.16 Q

g Vin=Vour1=Vre=5.5V,
FB Input Current "H leH V=0V 0.5 pA
TRy V|N=VQUT1=5.5V
FB Input Current "L = Ves=Vee=0V -0.5 A
Vin =Vour1=V1x=6.0V,

Lx Leakage Current lix Vg =0V 2.0 pA

Lx Current Limit ILXPEAK V|N=V3ETXO.5 1.2 1.4 A

Maximum Duty Cycle Maxdty [Vin =Vout1=Vserx0.7 80 88 95 %

) Vin=Vserx0.5,
Soft start time 1 tsTaRT1 V=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

VOItage of Vour1.

18

RICOH




RP600x

VD SECTION Ta=25°C
Description Symbol Conditions MIN. TYP. MAX. Unit
Input Voltage VN 0.8 5.5 V
Voltage Detector Threshold Vper  |Vin =3.0V x0.9872 x1.0272 V
Detector Threshold Range -VpeT 1.0 4.5 V
Voltage Detector Threshold o o o
Temperature Coefficient AVper/ATa |-40°C<Ta<85°C +100 ppm/°C
Detector Threshold Hysteresis Vhys  |ViN=3.0V -Vperx0.05
Sense Resistance Rsense  [VIN =6.0V, Vsense =6.0V 0.2 20.0 MQ
Voltage Detector -
Released Output Delay Time toetar - |Vin =3.0V 10 ms
VbouT "L” Output Current o [UN=2:0V, Voour =01V, 1 g 4 0.3 mA
VSENSE_OV
V|N =6.0V, VDOUT=6-OV1
Vv Leak t I i
pout Leakage Curren DOUTH  |\/scnee=6.0V 0.5 pA

*2) This item is guaranteed under the condition of V|y 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 20 5.5 V
_ Vout2>2.0V x0.99 x1.01 \Y
Output Voltage 2 (Fast Mode) Vour2 |lout2=5mA Vours<2.0V 20 20 —V
Output Voltage Range Vout2 1.5 5.0 V
Output Voltage2 AVouto! o o o
Temperature Coefficient ATa  [40°C<Ta<85°C +100 ppm/°C
Output Current2 lout2 500 mA
Load Regulation AVour?/ |4 pmAs louT2<500mA 50 100 mV
Aloyt2
Dropout Voltage Voir Please refer to “Dropout Voltage”.
AVer o] Vout2+0.5V<Vy<5.5V
Line Regulation AS/UTZ *Voura<4.5V -0.1 | +0.02 | 0.1 %IV
N loyt2=10mA (Fast Mode)
. D f=1kHz, Ripple 0.2Vp-p,
Ripple Rejection RR Vin = Vourat1.0V, louro=30mA 70 dB
Short Current Limit lLm VOUT2=0V 200 mA
Soft-start Time 2 tstarT2 |after the DC/DC soft-start 200 us
*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 \Y
Thermal Shutdown . R
temperature threshold Ttsp  [Junction Temperature 140 C
Thermal Shutdown . R
release temperature Ttsr  [Junction Temperature 95 C

RICOH
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@®LDO Dropout Voltage

*A&D_Ver.

B_Ver.

Output Voltage

Dropout Voltage Vor (V)

=C_Ver. (Under Development)

Vourz (V) Condition Typ. Max.
1.5=Vour2<1.8 0.45 0.60
1.8=Vour2<2.1 0.40 0.53

lout2=500mA
2.1=Vour2<3.3 0.36 0.48
3.3=Vour2=5.0 0.28 0.38
Output Voltage Dropout Voltage Vor (V)

Vourz (V) Condition Typ. Max.
1.5=Vour2<1.8 0.26 0.37
1.8=Vour2<2.1 0.24 0.32

lout2=300mA
2.1=Vour2<3.3 0.22 0.29
3.3=Vour2=5.0 0.17 0.20
Output Voltage Dropout Voltage Vor (V)

Vourz (V) Condition Typ. Max.
1.5=Vour2<1.8 0.14 0.19
1.8=Vour2<2.1 0.12 0.16

lout2=150mA
2.1=Vour2<3.3 0.11 0.15
3.3=Vour2=5.0 0.09 0.11
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TYPICAL APPLICATION

A_Version

VIN

L1 D1

VN or external PUll-Up Voltage

MODE_control
o———[ ]MODE VDOUT

CE_control
C1—

VSENSE
o—>

B_Version

Vin
L1 D1

VIN or External pull-up voltage

CE1_control
C1—
CE2_control

VSENSE

RICOH
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C_Version (Under Development)
VIN

L1 D1

VIN or external pull-up voltage

R1

VIN I—X
MODE_control

o—»[JMODE  Vpour

C1 - CE Vour1

TEST Vour2

-‘L > VOUT2

Vsense GND

D_Version
VIN
L1
m\ @ VIN or external pull-up voltage

Vin Lx % R1
o—»[JVIODE  Viour > Voour
C1 - CE Vourl > VOUT1
Vs Vour2 > Vour2

Vsense GND R2

R3

777 777
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B External Components Recommendation

@ Inductor L1 Vour1<3.6V, SLF7028T-3R3M1R6-PF, (3.3uH, TDK)
Vour123.6V, SLF7028T-4R7M1R5-PF, (4.7uH, TDK)

® Diode D1 Iixpeac<1.0A, CRS02, (TOSHIBA)
lLxpeak=1.0A, CMS06, (TOSHIBA)

@ Capacitor C1 C1608JB0J106M, (10uF, TDK)
Capacitor C2 C1608JB0J106M, (10uF, TDK)
Capacitor C3 C1608JB0J106M x 2, (10uF x 2, TDK)

@Pull-up Resistance R1 100kQ

& 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 (10uF, TDK) is better than items below.

[B/C_Version]
Vour2<3.3V, C1005JB0J225M, (2.2uF, TDK)
Vout2>3.3V, C1608JB0J225M, (2.2uF, TDK)

[A/D_Version]
Vout2<3.3V, C1005JB0J475M x 2, (4.7uF, TDK)
Vout2>3.3V, C1608JB0J475M, (4.7uF, TDK)

RICOH
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OUTPUT CURRENT OF STEP-UP CIRCUIT

T=1/fosc T=1/fosc

< Basic Circuit>
________________ \.
Inductor Diode | louT
|
— > .
VIN oo ~ v Vout
i
1
1
- Lx Tr CL
\%
[ ]
<Current through L>
Discontinuous Continuous
ILxmax
IL IL
1
1
ILxmax '
1
! |
' ILxmin I
1 1
ILxmin ! tf / :
1 1
1 1
/ ! i/ $Iconst E i
: = T
« S ! 1 [ <J 1
D) ton i toff 6 " ton = foff 7
1 1 1 1
1 1 1 1

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 V), the current is Vxt/L.

Therefore, the electric power, Py, which is supplied with input side, can be described as in next formula.

Pon = I;Oﬂ VINE SCEIL G ooeeeeeesmesmesseessseesee st 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(Vour—Vin)xt/L, therefore electric power, Pogr is described as in next formula.

Porr = J’: VINX (VOUT = VINL @ oo Formula 2

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

Pav =1/(ton + toff) x {J.(Ion Vin® x t/L dt + I: Vinx (Vout — VIN)Y/L dt} --eeeeeeee 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.

VINXton/ L:(VOUT_VlN)Xtoﬂ:/L ...................................................................................... Formula 4
Further, the electric power, PAV is equal to output electric power, Vout % lout , thus,
lout = fOSC><V|N2><t0n2/{2><L (VOUT _VIN)} = V|N2><t0n/(2><L><Vou-|-) ................................ Formula 5

When loytr becomes more than Vxtonxtoff/(2xLx(ton+toff)),the current flows through the inductor, then
the mode becomes continuous. The continuous current through the inductor is described as Iconst, then,

IOUT = fOSCXV|N2><tOn2 / (2XLX(VOUT _V|N) ) + Vlelconst / VOUT .................................... Formula 6

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

ILxmaX = Iconst + V|N><ton / L ........................................................................................ Formula 7
With the formula 4 , 6 and lixmax is

ILxmaX = VOUT /V|N XlOUT +V|NXt0n/(2XL) ..................................................................... Formula 8
However, ton=(1-V\n\/Vour)/fosc

Therefore, peak current is more than loyr. 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 Iconst=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 V| and GND lines sufficient. Large current by switching may flow through the Vy 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, Voyrq voltage is used as a main power source of the IC. That means the capacitor
C3 between Vgours and GND has a role of the bypass capacitor of the IC. Therefore, to select the capacitor C3
between Voyrs and GND, consider the bias characteristics, and mean value must be 10uF or more. Set the
capacitor as close as possible to the Voyrs pin and GND pin. A capacitor C1 between V\y and GND, select 10uF
or more capacitance ceramic type.

*As for the capacitor C2 between Vour2 and GND, consider the bias characteristics, put the 2.2uF or more
ceramic capacitor as close as possible to the Voyr, pin and GND pin.

-In case of A, C(Under Development), and D version, Voyr, operates with Voyr1 voltage as power supply.
Therefore, the capacitor C3 between Voyr1 and GND has a role of the bypass capacitor of the Voyrz. If the
position of C2, C3 and GND are not close one another, put a 0.001uF capacitor between Voyrs and the GND of
C2.

RICOH
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*Select the inductance value according to the set output voltage. If Vouri23.6V is true, 4.7uH is the
recommendation value, and if Vour1<3.6V is true, 3.3uH 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 10Q 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=06V)

The recommendation range of R2+R3 is equal or less than 100kQ.

GENERAL TECHNICAL NOTES

(Common for all versions:)
*If the built-in detector is not used, set the Vpoyt pin and Vsense pin to the GND.

*If the output of the DC/DC (Vour+) is under the condition of the output short (Voyut1 < 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(Voyr1) is input voltage for LDO (Vourz), therefore Voyur1-Vour: is dropout voltage for LDO,
therefore, the decide the voltage of Vours with considering the load current of Voyre and output characteristics of
Vour1and Voyra.

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 Voyr1 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

Input
Voltage

CE
Voltage

Output
Currentl

e 194V (TYP)

]
1
]
1
(
]
1
]
|
]
|
|
i i
| i
| i
| i
| !
| T
| i
Output : ! : M- 183V (TYP)
1 I
Voltagel ' : i :
| : i !
' i 1 H
| H ! 1
' | 1 !
' i \ i 0.5V (TYP)
! i ! : |
' 1 ! 1 !
i ' : i
! I 1
H I {
Lx : i
Voltage . |
v i
! 1
: 1
\ 1
i
1
1
! | 1 ! | 1
! | | [ | |
e ! ! - | i
I ! ! ] .
| Low boostmode | 0.7ms (TYP) i ! ILxpeak | {Dc/DC
Standby | fosc=200kHz) | Soft start period {VFM mode i PWMmode \current flz)osvg:bzooo()slzl-rrzc))dd'sr]m protect
! : :(Mode pin="L") | !limit : !
' .
: ! ! l i
| 1
| 1
H I
| 1
| 1
| ! '
[} [} | \
Output | . . to
' - L
Voltage?2 ! ' : Lo
j ] I
1 | i I
1
‘ TBMS (TYP) \i eﬂ{;\f(ums (TYP)
0.2ms (TYP.)/I :
Standby LDO Fast Standby
Soft Start mode
Period
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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.

Soft start period vs. Input Voltage Soft start period vs. Temperature
RP600XxxX1x — \/set=2.3V
lour=1mA RPEO00Xxx1x —— Vset=3.3V
12 Vin=Vsetx0.5, V oyr=1kQ —— Vset=5.5V
1 e 1.4
‘@ T — —
E g 1.2
o 038 £ 1L
Re! 3
o 0.6 2 L
g — Vset=2.3V g 08—
5 04 Vset=3.3V g 067
(%] < 04
= 02 Vset=5.5V A
S % 02 |
@ g o
0
05 1 15 2 25 3 35 4 45 5 55
Input Volt Y, -50 -25 0 25 50 75 100
nput Voltage [V] topt [C]

(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.
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TIMING CHART (B version)
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RP600x

(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.

Soft start period vs. Input Voltage Soft start period vs. Temperature
RP600xxx1x — Vset=2.3V
louT=1mA RP600Xxx1x —_—\/set=3.3V
1.2 V|n=Vsetx0.5, V oyt1=1kQ e \/501=5.5V
— 1 — 1.4
(%) T — —_
3 g 12
< 038 = 1 b
Re] 3
o 06 2 L
g Vset=2.3V g 08—
5 04 — Vset=3.3V c 06
0 S 04 |
= 02 —\/set=5.5V o
= % 02 |
2B 8 ¢
0
05 1 15 2 25 3 35 4 45 5 55
Inout Vol v -50 -25 0 25 50 75 100
nput Voltage [V] topt [°C]

(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.
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TIMING CHART (B/C version) C version(Under Development)

LDO mode shift operation

CE(CE1)
Voltage

MODE
Voltage

3.2mA (TYP)

' 1.5mA (TYP)

Output
Current?2

Output
Voltage2

Low Power
Mode

Fast Mode Low Power Fast Mode

1

1

)
Low Power 1
' Mode
1
1
1
1
)
]

Mode

I— __ﬁ"____________

g

Auto Eco Mode Auto Eco Mode

*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.
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2) CE (or CE1) Input Voltage vs. Temperature

1) Standby Current vs. Temperature

(* for A/B/D ver. Only)
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6) Supply Current2 vs. Temperature

5) Supply Currentl vs. Temperature
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8) Supply Current4 (at B ver.) vs. Temperature

7) Supply Current3 (at B ver.) vs. Temperature

(* for B ver. Only)

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

(* for B ver. Only)
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12) Supply Current4 (at C ver.) vs. Temperature

11) Supply Current3 (at C ver.) vs. Temperature

(* for C ver. Only)

(* for C ver. Only)
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13) Output Voltagel vs. Output Currentl
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14) Efficiency vs. Output Currentl
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19) DC/DC_ Soft Start Period vs. Temperature

RP600xxxxA/B/D

20) DC/DC_ Soft Start Period vs. Input Voltage
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24) LX peak Current Limit vs. Temperature
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25) Hold-on Voltage vs. Temperature

VHOLD [V]

0.7

o
o

<
o

o
~

53
w

0.2

RP600XXXXX
loutl=-1MA loyt2=0mMA

-40 -25 -10 5 20 35 50 65 80

topt [C°]

Vin=0.8V

Vin=1.0V

Vin=1.5V

Vin=2.0V

——VIN=0.8V

——VIN=1.0V

——VIN=1.5V

——VIN=2.0V

——VIN=3.0V

——VIN=4.0V

—VSET=2.3V

—VSET=3.8V

——VSET=5.5V

ILXpeak [A]

ILXpeak [A]

RP600XXXXX
2200 | ‘DC/I‘DC:3.3V‘ |
! : ! —VIN=0.8V
|
! —VIN=1.0V
|
} — VIN=1.5V
—VIN=2.0V
VIN=3V
-40 -25 -10 5 20 35 50 65 80
topt [°C]
RP600XXXXX
DC/DC =5.5V
2400 VIN=0.8V
2000 —VIN=1.0V
—VIN=1.5V
1600
: — VIN=2.0V
1200 | | | |
| | | —VIN=3.0V
| | | |
800 | -----~ e St ——VIN=4.0V
- | |
400 | | | | ‘ VIN=5.0V
0 L |
-40 -25 -10 5 20 35 50 65 80
topt[°C]



26) Output Voltage 2 vs. Output Current 2

*A/Dver.
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28) Supply Current 5 vs. Input Voltage ( * for B ver. Only )
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29) Supply Current 6 vs. Input Voltage ( * for B ver. Only )
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30) Supply Current3 (at C ver. ) vs. Input Voltage ( * for C ver. Only )
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=C ver.
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32) Output Voltage 2 vs. Temperature
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33) Output Voltage 2 Temperature Coefficient vs. Temperature
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34) Dropout Voltage 2 vs. Output Current 2

A /D ver.
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-C ver.
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35) Dropout Voltage 2 vs. LDO_VSET
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38) ESR_LDO vs. Output Current 2 [LDO = Fast mode]
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39) ESR_LDO vs. Output Current 2 [LDO= Low power mode] (* for B/C ver. Only )

RP600xxxxB/C Topt = 25°C
LDO=1.5V_Low power mode Topt =-40°C
1000 pFemmrree—— Topt = 85°C
00 f
=)
e 10
7]
Y,
o 1
a
—
0.1
0.01
0 0.5 1 1.5 2
Output Current2 [mA]
RP600xxxxB/C Topt =25°C
LDO=5.0V_Low power mode Topt = -40°C
1000 —————— Topt = 85°C
100 - | ]
g | e e ————

LDO_ESR

0 05 1 1.5 2
Output Current2 [mA]

Topt = 25°C
Topt = -40°C
Topt = 85°C

RP600XXXXX
LDO=3.3V_Fast mode

N
o
o
o

100

[Q]
=

LDO_ESR

0 50 100 150 200 250 300
Output Current2 [mA]

RP600xxxxB/C Topt =25°C
LDO=3.3V_Low power mode Topt = -40°C
1000 ————————7—— Topt = 85°C

10 [

[l

LDO_ESR

o
i

0.01
0 0.5 1 1.5 2

Output Current2 [mA]



38) ESR_LDO vs. Output Current 2 [LDO = Fast mode]
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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
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42) Detector Threshold vs. Input Voltage
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43) Detector Hysteresis vs. Temperature
*A/B/Dver.

RP600xxxxA/B/D
V|N=3.0V
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*C ver. ( *Hysteresis = 80% )
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*C ver. ( *Hysteresis = 80% )

45) VDgyr vs. Input Voltage

RP600x2xxC HYS=80% ——-40°C RP600XXXXX
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46) Nch Driver Output Current vs. VDgyr 47) Nch Driver Output Current vs. Input Voltage
RP600xxxXxX RP600XXXXX
-Vdet=4 .5V, topt=25°C, Vsense=0V(A/B/D)or5V(C) -Vdet=4.5V,VDoy1=0.1V,Vgense=0V(A/B/D)or5V(C)
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48) Release Output Delay Time vs. Temperature
*A/B/Dver. *C ver.
RP600xxxxA/B/D
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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.
RP600xxxxA/D
DC/DC =5.5V,LDO =5.0V, MODE = L
Viy = 4.0V, lgyrl = -500mA, lgy72 = -50mA,
7 Topt=25°C
6 i 1 1 DC/DC OutputhoItage
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= |
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time [ms]
Cver

Under Development

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

RP600x0xxB
DC/DC =5.5V,LDO=3.3V,MODE =L
Vin = 4.0V, Iyl =-1000mA, Igyt2 = -0.1mA,

Topt=25°C
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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)

Voltage [V]
o

RP600x0xxB
DC/DC =5.5V,LDO=3.3V,MODE =L
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54) DC/DC Start-up Waveform ( LDO=Standby ) (*for B ver. Only)

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

A /D ver.
RP600xXxxXxA/D
DC/DC =5.5V,LDO =5.0V, MODE = L
VIN = 4.0V, IOUT1 = -500mA, IOUT2 = -50mA,
7 Topt=25°C
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Under Development

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

RP600x0xxB
DC/DC =5.5V,LDO =3.3V,MODE =L
Vin = 4.0V, lgytl =-1000mA, Igy2=-50mA,

Topt=25°C
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57) Turn Off Speed with CE pin [ 1'st : CE2, 2'nd : CE1] (* for B ver. Only)

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

Viy = 4.0V, lourl= -1000mA, lgy72= -50mA,

Topt=25°C
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58) Output Voltagel, Output Voltage2, Lx Waveform
*A/B/Dver.
RP600xxxxA/D topt=25°c,DC/DC=5.5V, LDO = 3.3V RP600xxxxA/B/D topt=25°c,DC/DC=5.5V, LDO = 3.3V
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59) Input Voltage Transient Response _ LDO ( DC/DC=Standby) (* for B/C ver. Only)
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60) Load Transient Response (DC/DC & LDO )
A /D ver.
RP600xxxXxA/D DC/DC= 5.5V, LDO= 5.0V
Vv, = 4.0V, Topt = 25°C, MODE="L"
DCDC_ly,; =-0.1mA & -500mA, LDO_l,,; = 0mA & -50mA
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61) DC/DC Load Transient Response, LDO_Output Voltage
*A/Dver.
RP600xxxxA/D DC/DC=5.5V, LDO= 5.0V
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*B ver.

RP600x0xxxB DICDC= 5.5V, LDO= 3.3V
V,, = 4.0V, Topt = 25°C, MODE="L"
DCDC_lyy; = -0.1mA ¢-500mA, LDO_ly; = -100mA

RP600x0xxxB D/CDC=5.5V, LDO= 3.3V
V,y =4.0V, Topt = 25°C, MODE="L"

DCDC_ly; = -0.1mA &-500mA, LDO_l,; = -100mA
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62) LDO Load Transient Response, DC/DC_Output Voltage
A /D ver.
RP600xxxXA/D DC/DC=5.5V, LDO= 5.0V RP600xxxXA/D DC/DC= 5.5V, LDO= 5.0V
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63) Load Transient Response_LDO ( DC/DC = Standby ) (* for B/C ver. Only)
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64) Load Transient Response_DC/DC ( LDO = Standby

Output Volatage

RP600x0xxB
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65) MODE Switch Transient Response ( DC/DC & LDO)

*A /D ver.
RP600xxxxA/D DC/DC=5.5V, LDO= 5.0V
V,, = 4.0V, DCDC_,; = -0.1mA, LDO_l,,; = -20mA, Topt = 25°C
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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)
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A 1.The products and the product specifications described in this document are subject to change or
discontinuation of production without notice for reasons such as improvement. Therefore, before
deciding to use the products, please refer to Ricoh sales representatives for the latest
information thereon.

2.The materials in this document may not be copied or otherwise reproduced in whole or in part
without prior written consent of Ricoh.

3.Please be sure to take any necessary formalities under relevant laws or regulations before
exporting or otherwise taking out of your country the products or the technical information
described herein.

4.The technical information described in this document shows typical characteristics of and
example application circuits for the products. The release of such information is not to be
construed as a warranty of or a grant of license under Ricoh's or any third party's intellectual
property rights or any other rights.

5.The products listed in this document are intended and designed for use as general electronic
components in standard applications (office equipment, telecommunication equipment,
measuring instruments, consumer electronic products, amusement equipment etc.). Those
customers intending to use a product in an application requiring extreme quality and reliability,
for example, in a highly specific application where the failure or misoperation of the product
could result in human injury or death (aircraft, spacevehicle, nuclear reactor control system,
traffic control system, automotive and transportation equipment, combustion equipment, safety
devices, life support system etc.) should first contact us.

6. We are making our continuous effort to improve the quality and reliability of our products, but
semiconductor products are likely to fail with certain probability. In order to prevent any injury to
persons or damages to property resulting from such failure, customers should be careful enough
to incorporate safety measures in their design, such as redundancy feature, firecontainment
feature and fail-safe feature. We do not assume any liability or responsibility for any loss or
damage arising from misuse or inappropriate use of the products.

7. Anti-radiation design is not implemented in the products described in this document.

8.Please contact Ricoh sales representatives should you have any questions or comments
concerning the products or the technical information.

RICOH COMPANY., LTD. Electronic Devices Company

< HRicoh presented with the Japan Management Quality Award for 1999. HRicoh awarded 1SO 14001 certification.

Ricoh continually strives to promote customer satisfaction, and shares the achievements The Ricoh Group was awarded ISO 14001 certification, which is an international standard for
of its management quality improvement program with people and society. environmental management systems, at both its domestic and overseas production facilities.
Our current aim is to obtain ISO 14001 certification for all of our business offices.

After Apr. 1, 2006, we will ship out the lead free products only. Thus, all products that
Complion‘r will be shipped from now on comply with RoHS Directive.

http://WWW- ricoh . com/LSI/ @ ROHS Ricoh completed the organization of the Lead-free production for all of our products.

RICOH COMPANY, LTD. =

Electronic Devices Company

@ Shin-Yokohama office (International Sales)
3-2-3, Shin-Yokohama, Kohoku-ku, Yokohama City, Kanagawa 222-8530, Japan
Phone: +81-45-477-1697 Fax: +81-45-477-1698

RICOH EUROPE (NETHERLANDS) B.V.
@ Semiconductor Support Centre

Prof. W.H.Keesomlaan 1, 1183 DL Amstelveen, The Netherlands
P.0.Box 114, 1180 AC Amstelveen

Phone: +31-20-5474-309 Fax: +31-20-5474-791

RICOH ELECTRONIC DEVICES KOREA Co., Ltd.

11 floor, Haesung 1 building, 942, Daechidong, Gangnamgu, Seoul, Korea
Phone: +82-2-2135-5700 Fax: +82-2-2135-5705

RICOH ELECTRONIC DEVICES SHANGHAI Co., Ltd.
Room403, No.2 Building, 690#Bi Bo Road, Pu Dong New district, Shanghai 201203,
People's Republic of China

Phone: +86-21-5027-3200 Fax: +86-21-5027-3299

RICOH COMPANY, LTD.

Electronic Devices Company

@ Taipei office

Room1089, 10F-1, No.51, Hengyang Rd., Taipei City, Taiwan (R.0.C.)
Phone: +886-2-2313-1621/1622 Fax: +886-2-2313-1623



http://www.ricoh.com/LSI/



