RICOH

4 A Forced PWM Step-down DC/DC Converter with Synchronous Rectifier for Industrial Applications

No. EA-424-190515

The RP510L is a low input voltage step-down DC/DC converter that operates from 2.5 V to 5.5 V and provides up to 4
A of output current @, It is suitable for power supply of SoC (System-on-a-chip). It is also available in a foldback type
overcurrent protection which automatically recovers to the normal state after the cause of overcurrent is removed. This
is a high-reliability semiconductor device for industrial application (-Y) that has passed both the screening at high
temperature and the reliability test with extended hours.

KEY BENEFITS

® The realization of the high-density mounting by the adoption of a small package DFN3030-12.
® A simplification of the power sequencing by power-good and adjustable soft-start functions.
® Selectable overcurrent protection: Latch type or Foldback type.

KEY SPECIFICATIONS TYPICAL CHARACTERISTICS

® Operating Temperature Range: -50°C to 105°C

® Output Voltage Range @: 0.8 Vto 3.3V Vour = 1.2 V, Vin = 3.3 V/5.0 V (Ta = 25°C)
® Output Voltage Accuracy®: +1% (Vser = 1.2 V),
12 mV (Vser<1.2 V) 100

® Feedback Voltage Accuracy®: +6 mV (Vrs = 0.6 V) o5
® Qutput/Feedback Voltage Temperature Coefficient: £100 ppm/°C «
® Standby Current: Max. Typ. 0.35 HA (RP510LxxN) -

Typ. 0.01 pA or less (RP510LxxG/H/J) %
® Oscillator Frequency: Typ. 2.3 MHz g
® Built-in Driver On-resistance (Pch./Nch.): Typ. 0.04 Q (Vn=3.6V) °
® Maximum Duty Cycle: Min. 100%
® Minimum On Time: Typ. 55 ns X 000 000 o000 w000
® Protection Features: UVLO, LX Peak Current Limit, Overcurrent Output Current [mA]

protection (Latch/Foldback type), and Thermal shutdown.

TYPICAL APPLICATION CIRCUIT PACKAGE

E

Couti | Courz

224F | 22pF

Cavin
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DFN3030-12
i 3.0 x 3.0 X 0.8 mm
RP510L001J/1N/4J/4N (Adjustable Output Voltage Type) W maximum dimension

APPLICATIONS =

® POL (Point of Load) Converter for Micro-processor of Industrial / OA equipment, and Micro-processor Power
Supply with using Battery
® Server, Networking Equipment, FPGA, and DSP

@ The maximum allowable output current is 4 A but it is a criterion and can be affected by conditions and external parts.
@ Refer to the section SELECTION GUIDE for details of Vser.

() Fixed Output Voltage Type

4 Adjustable Output Voltage Type




RP510L-Y

No. EA-424-190515

SELECTION GUIDE

The set output voltage, the output voltage type, the auto-discharge function(®), and the protection type are user-

selectable options.

Selection Guide

Product Name

Package

Quantity per Reel

Pb Free

Halogen Free

RP510Lxx$$-TR-Y

DFN3030-12

3,000 pcs

Yes

Yes

xx: Set Output Voltage (Vse).
Fixed Output Voltage Type: 08 (0.8 V), 10 (1.0 V), 11 (1.1 V), 12 (1.2 V), 13 (1.3 V), 15 (1.5 V),

18 (1.8 V), 30 (3.0 V), 33 (3.3 V)

Adjustable Output Voltage Type: 00 (0.8 Vto 3.3 V)

$$: Other Functions

. Output Voltage Auto-discharge Oscillator Protection
Version .
Type Function Frequency Type
RP510Lxx1G Fixed No
RP510Lxx1H Yes Latch
RP510L001J Adjustable No
RP510L001N Yes 2 3 MHz
RP510Lxx4G Fixed No '
RP510Lxx4H Yes Foldback
RP510L004J Adjustable No
RP510L004N Yes

(@ Auto-discharge function quickly lowers the output voltage to 0 V, when the chip enable signal is switched from the
active mode to the standby mode, by releasing the electrical charge accumulated in the external capacitor.
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RP510L-Y

BLOCK DIAGRAM

RP510Lxx1G/4G/1H/4H (Fixed Output Voltage Type)

No. EA-424-190515
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RP510L-Y

No. EA-424-190515

RP510L001J/4J/1N/4N (Adjustable Output Voltage Type)
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RP510L-Y

PIN DESCRIPTION

No. EA-424-190515

Top View Bottom View
1y ] 1212 O 1
2N 5 11 11 « 1O 2
3 ] 10 10 Os
4 3 i 9 9 O 4
51 8 8 s
)] SR S 77 He
DFN3030-12 Pin Configurations
DFN3030-12 Pin Description
Pin No. Pin Name Description

1 PVIN (O Input Voltage Pin

2 PVIN @ Input Voltage Pin

3 AVIN @ Input Voltage Pin

4 PG Power Good Pin, NMOS Open-drain

5 CE Chip Enable Pin, Active-high

6 TSS Soft-start Pin

7 VOUT/ VFB Output Voltage Pin / Feedback Voltage Pin

8 AGND ©® Analog Ground Pin

9 PGND @ Power Ground Pin

10 PGND ® Power Ground Pin

11 LX Switching Pin

12 LX Switching Pin

* The tab on the bottom of the package must be connected to the ground plane on the board to enhance thermal

performance.

(M No.1 pin and No.2 pin must be wired to the Vin plane when mounting on boards.
@) No.3 pin must be wired to No.1 and No.2 pins via a low-pass filter (LPF: 1 Q, 10 nF) when mounting on boards.
() No.8 pin, N0.9 pin and No.10 pin must be wired to the GND plane when mounting on boards.
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RP510L-Y
No. EA-424-190515

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings (AGND = PGND =0 V)

Symbol Parameter Rating Unit
ViN A/PVIN Pin Voltage -0.3t06.5 \%
Vix LX Pin Voltage -0.3to Vin+ 0.3 \%
Vce CE Pin Voltage -0.3t06.5 \%
Vout/ Ves | Output Voltage / Feedback Voltage -0.3t06.5 Vv
VeG PG Pin Voltage -0.3t06.5 Vv
VTss TSS Pin Voltage -0.3toVin+ 0.3 Vv

Po Power Dissipation () | DFN3030-12 | JEDEC STD. 51-7 4300 mw

Tj Junction Temperature Range -50 to 150 °C
Tstg Storage Temperature Range -55to 150 °C

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause permanent damage
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 are not assured.

RECOMMENDED OPERATING CONDITIONS

Recommended Operating Conditions

Symbol Parameter Rating Unit
ViN Input Voltage 25t05.5 \%
Ta Operating Temperature Range =50 to 105 °C

RECOMMENDED OPERATING CONDITIONS

All of electronic equipment should be designed that the mounted semiconductor devices operate within the
recommended operating conditions. The semiconductor devices cannot operate normally over the recommended
operating conditions, even if they are used over such conditions by momentary electronic noise or surge. And the
semiconductor devices may receive serious damage when they continue to operate over the recommended operating
conditions.

() Refer to POWER DISSIPATION for detailed information.
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RP510L-Y
No. EA-424-190515

ELECTRICAL CHARACTERISTICS

The specifications surrounded by [ Jare guaranteed by design engineering at -50°C < Ta < 105°C.

RP510Lxx1/4 Electrical Characteristics (Ta=25°C)
Symbol Parameter Test Conditions/Comments Min. | Typ. | Max. | Unit
Vin=5.5V, | RP510LxxxN 0.35 | [15.5
Istanoey | Standby Current N HA
Vece=0V RP510LxxxG/H/J 0.01
Rce CE Pin Pull-down Resistance 1 MQ
IcEL CE Pin Input Current, Low VN=5.5V,Vce=0V 0 HA
lixceakn | LX Pin Leakage Current, High | Vin=Vix=5.5V, Vce= 0V 0 HA
lixceake | LX Pin Leakage Current, Low | ViN=5.5V, Vce = Vix=0V 0 HA
VcEH CE Pin Input Voltage, High VN=55V Y,
Veer | CE Pin Input Voltage, Low Vin=25V v
) Vin=Vce=3.6VorVser+1V,
t Soft-start Time 1 75 150 300 S
STARTL TSS = OPEN M
, ViN=Vce=3.6 VorVser+ 1V,
tstart2 | Soft-start Time 2 = e SET 30 ms
Css=0.1pF
ILxLim LX Current Limit Vin=Vce=3.6VorVser+1V | 5000 | 6500 mA
teror | Protection Delay Time Vin = Vee = 3.6 V or Veer + 1V 1.5 ms
Y Vin = Vce, Fallin 2.1 2.2 2.3
SR UVLO Threshold Voltage o g 2.3
Vuvioz Vin = Vce, Rising 2.3 Y
Thermal Shutdown Threshold L o
Ttso | Temperature, Detection Tj, Rising 165 c
T Thermal Shutdown Threshold Ti Fali 115 o
TSR | Temperature, Release J, Falling
R PG Pin Low Output Vin=3.6V, 45 0
PGDIS i
ON Resistance Vour=0VorVee=0V
fosc Oscillation Frequency ViN=Vce=3.6VorVser+1V | 2.00 2.3 2.50| | MHz
All test items listed under Electrical Characteristics are done under the pulse load condition (Tj = Ta = 25°C).
7
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RP510L-Y
No. EA-424-190515

The specifications surrounded by [ Jare guaranteed by design engineering at -50°C < Ta < 105°C.

RP510Lxx1G/1H/4G/4H Electrical Characteristics: Fixed Output Voltage Type (Ta=25°C)
Symbol Parameter Test Conditions/Comments Min. | Typ. | Max. | Unit
Veer > 1.9V x0.99 x1.01
SET = |I.
VIN=Vce=3.6V
Vout | Output Voltage \%
orVser+1V -0.012 0.012
Vser<1.2V
-0.024 0.024
Iss Supply Current VIN=Vce=55V 800 A
lvout. | VOUT Pin Current, Low | Vin=5.5V, Vce =Vour =0V 0 UA
Vv
Voo | OVD Voltage Vin=3.6V SET Vv
x 1.2
VseT
Vuwo | UVD Voltage ViNn=3.6V \%
x 0.8
RP510Lxx1G/4G: Auto-discharge Function Not Included
lvourh | VOUT Pin Current, High | Vin = Vour = 5.5V, Vce =0 V 0 HA
RP510Lxx1H/4H: Auto-discharge Function Included
VOUT Pin Discharge
R Vin=25V,Vce=0V, Vour=0.5V 45 Q
VOUTPIS | NIMOSS ON-resistance " t o

RP510L001J/1N/4J/AN Electrical Characteristics: Adjustable Output Voltage Type

Symbol Parameter Test Conditions/Comments Min. | Typ. | Max. | Unit

Vis Feedback Voltage Vi = Ve = 3.6 V 0.594 | 0.600 | 0.606 v
0.588| | 0.600 | 0.612

Iss Supply Current VIN=Vce=55V 800 A
IveBH VFB Pin Current, High ViN=Vr=55V,Vce=0V 0 A
Ivee. | VFBPin Current, Low | Vin=5.5V, Vce=Vrm =0V 0 HA
Vovp OVD Voltage Vin=3.6V 0.72 \Y
Vuvp UVD Voltage Vin=3.6V 0.48 Y,

RP510L001N/4N: Auto-discharge Function Included

LX Pin Discharge _ _ _
Rixpis NMOS ON-resistance ViNn=25V,Vce=0V,Lx=05V 65 Q

All test items listed under Electrical Characteristics are done under the pulse load condition (Tj = Ta = 25°C).
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RP510L-Y
No. EA-424-190515

The specifications surrounded by [ Jare guaranteed by design engineering at —50°C < Ta < 105°C.

RP510Lxx1G/1H/4G/4H Product-specific Electrical Characteristics: Fixed Output Voltage Type

Vourt [V]
Product Name Ta =25°C -50°C £ Ta<105°C

Min. Typ. Max. Min Typ. Max.
RP510x08xX 0.788 0.800 0.812 0.776 0.800 0.824
RP510x10xXx 0.988 1.000 1.012 0.976| 1.000 [1.024]
RP510x11xx 1.088 1.100 1.112 [1.076] 1.100 1.124]
RP510x12xXx 1.188 1.200 1.212 1.176) 1.200 1.224
RP510x13xx 1.287 1.300 1.313 1.274 1.300 [1.326]
RP510x15xX 1.485 1.500 1.515 [1.470) 1.500 [1.530)
RP510x18xx 1.782 1.800 1.818 1.764] 1.800 [1.836]
RP510x30xXx 2.970 3.000 3.030 [2.940) 3.000 3.060)
RP510x33xX 3.267 3.300 3.333 3.234 3.300 3.366
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RP510L-Y
No. EA-424-190515

THEORY OF OPERATION
Soft-start

Starting-up with CE Pin

The device starts to operate when the CE pin voltage (Vce) exceeds the threshold voltage. The threshold
voltage is preset between CE “High” input voltage (Vcen) and CE “Low” input voltage (Vced). The soft-start
circuit also starts to operate after the device start-up. Then, after a certain period of time, the reference
voltage (Vrer) in the device gradually increases up to the specified value.

Notes: Soft-start time (tstart)® might not be always equal to an actual turn-on speed of the output voltage.
Please note that the turn-on speed could be affected by the power supply capacity, the output current, the
inductance value, and the Cour value.

VeEH —— e — — -
Threshold Level — ——/-
i Ve ———————
CE Pin Input Voltage Soft-start Time (tsranr)

|
|
(Vee) =
Internal Reference Voltage |

|
Vo
T
(Vrer) Soft-start Circuit —— :
operation starts. || I | " " “ “ “ “ ””
LX Voltage |
(Vi) I
|
]
|

|
-
I
|

|
I I
_-—

Depending on Power Supply,
Load Current, External Components

Output Voltage
(Vour)

Timing Chart when Starting-up with CE Pin

Starting-up with Power Supply

After the power-on, the device starts to operate when Vin exceeds the UVLO released voltage (Vuvioz). The
soft-start circuit also starts to operate. Then after a certain period of time, Vrer gradually increases up to the
specified value. Please note that the turn-on speed of Vour could be affected by the following conditions.

1. Power supply capacity and Turn-on speed of Vin determined by Cin

2. Values of Inductor, Capacitor and Output current

Vser =1

Vuvioz

Input Voltage

(Vin) Vuvior

Soft-start Time (tsrarr)

Internal Reference Voltage

o g mm

(Vix)

Vour

Output Voltage - |
vV Depending on Power Supply, Load Current,
(Vour) External Components

Timing Chart when Starting-up with Power Supply

() Soft-start time (tstarT) indicates the duration until the reference voltage (Vrer) reaches the specified voltage after soft-
start circuit's activation.
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RP510L-Y
No. EA-424-190515

Soft-start Time Adjustment

Soft-start time (tstart) Oof the RP510L is adjustable by connecting a soft-start time adjustment capacitor (Css)
between the TSS pin and GND. tstart can be set from Typ. 0.15 ms as a lower limit. As the figure below shows,
tstarT is Typ. 30 ms when Cssis 0.1 pF. If not requiring to adjust tstarr, tstarT is set to 0.15 ms (Typ.) by making
the TSS pin open. The capacitance value for required soft-start time (tstart) can be calculated by the following
equation.

Css [nF] = 3.5 x tstarT[MS]

tsTART

30ms|

15ms)

3ms)

0.15ms

0 470pF  0.014F 0.047yF  0.1yF Css

Css vs. tstarT (Typ.)

Soft-start Time (tstarT) VS. Soft-start Time Adjustment Capacitor (Css)

Power Good Function

If any condition as follows is detected, power good function with using Nch. open drain turns Nch. transistor
ON and switches the PG pin to “Low”. After the condition is removed, the power good function turns Nch.
transistor OFF and switches the PG pin back to “High”. The time until the Nch. transistor is turned OFF includes
the release delay time of 0.05 ms (Typ.).

* CE ="L" (Shut down)
* UVLO
* Thermal Shutdown
» Over Voltage Detection (Typ.):
Vout > Vser X 1.2 V (RP510Lxx1G/1H/4G/4H) or Vrs > 0.72 V (RP510L001J/1N/4J/4N)

» Under Voltage Detection (Typ.):

Vout < Vserx 0.8 V (RP510Lxx1G/1H/4G/4H) or Vrs < 0.48 V (RP510L001J/1N/4J/4N)
* During the Latch Type Protecting operation

Notes: When using the power good function, the resistance of PG pin (Rrc) should be between 10 kQ to 100
kQ. The PG pin must be open or connected to GND if the power good function is not used.

11
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RP510L-Y
No. EA-424-190515

Under Voltage Lockout (UVLO)

If Vin becomes lower than Vser, the step-down DC/DC converter stops the switching operation and ON duty
becomes 100%, and then Vout gradually drops according to Vin.

If the Vin drops more and becomes lower than the UVLO detector threshold (Vuvioz), the UVLO circuit starts
to operate, Vrer stops, and Pch. and Nch. built-in transistors become the OFF state. As a result, Vout drops
according to the Cout capacitance value and the load.

To restart the operation, Vin is required to be higher than Vuvio2. The timing chart below shows the voltage
shifts of Vrer, Vix and Vour in response to variation of the Vin value.

Notes: Falling edge (operating) and rising edge (releasing) waveforms of Vour might be affected by the initial

voltage of Cout and the output current of Vour.

Input Voltage
(VIN) VUVL02

VUVLOZL

Internal Reference Voltage
(Vrer)

LX Voltage
(Vix)

Output Voltage
(Vour)

| (I e
Depending on Power Supply, Load Current,
External Components

Timing Chart with Variations in Input Voltage (Vin)

Current limit Function
Current limit circuit supervises the inductor current flowing through the Pch. transistor in each switching cycle.

If the current exceeds the LX current limit (I.xum, Typ. 6.5 A), a Pch. transistor is turned off and the upper limit

of the inductor peak current is imposed.

12
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RP510L-Y
No. EA-424-190515

Latch Type Protection (RP510Lxx1G/1H, RP510L001J/1N)

Latch type protection circuit latches Pch. and Nch. transistors in the OFF state and stops the operation of the
step-down DC/DC converter when the over current status or the output voltage (Vour) / the feedback voltage
(Vrs) being dropped to the half of the setting voltage due to shorting continues for the protection delay time
(trroT). TO release the latch type protection circuit, restart the device by inputting "Low" signal to the CE pin or
making the supply voltage lower than Vuvios.

Protection Delay Time (terot)
AAAAA NS PAVAVAVAY,
IL flowing through L
Lx Limit Current

(ILXLIM)
Current flowing through Pch Tr.
X
Lx Voltage
(Vix) &

Protection Delay Time

The timing chart below shows the voltage shift of Vcg, Vix and Vour when the device status is changed by the
following orders: Vin rising — stable operation — high load — CE reset — stable operation — Vin falling — Vin
recovering (UVLO reset) — stable operation.

(1)(2) If the overcurrent flows through the circuit or the device goes into low Vout condition due to short-circuit
or other reasons, the latch type protection circuit latches Pch. and Nch. transistors in the OFF state after
teroT. Then, Vix becomes "Low" and Vour turns OFF.

(3) The latch type protection circuit is released by CE reset, which puts the device into "Low" once with the CE
pin and back into "High".

(4) The latch type protection circuit is released by UVLO reset, which makes Vin lower than Vuvioa.

@ & @ 4)

VSET
Input Voltage UVLO Released Voltage (Vuvu.oz)\\ /
(Vin) UVLO Detector Threshold  (Vuvtor)

SR
UVLO Reset

CE Pin v 1
Input Voltage T \ CE Reset
p Threshold Level - - £ T i
(Vce) Protection Delay Time'| Protection Delay Time

—— -— ——

S 11 W11

Latch-type Protection Latch-type Protection

Vser

Output Voltage ‘ . .
Stable | Stable Stable
(Vour) Operation | Operation| ——— |Operation
Soft-start Time ~ Soft-start Time Soft-start Time
Timing Chart
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RP510L-Y
No. EA-424-190515

Foldback Protection (RP510Lxx4G/4H, RP510L004J/4N)

If the device is in a state where an overcurrent is detected during protection delay time (trrot) Or a state where
the output voltage (Vour) or the feedback voltage (Vrs) becomes lower than UVD detector threshold (Vuvp) over
about 20 usec while the overcurrent is caused by an output short-circuit, the foldback protection is enabled.
During the foldback protection, the inductor current is set to the upper limit of 1/2 of LX limit current (l.xum) and
the lower limit of OmA. During the foldback protection, the device alternately operates the following Pch. and Nch.
transistor as follows: the Pch. transistor is turned ON until the inductor current reach the upper limit and the Nch.
transistor is turned ON until the inductor current reach OmA. Therefore, the switching frequency is decreased
and the upper limit of the output current (lout_snort) during the foldback protection is limited to a current value
calculated by the following equation.

louT_sHorT = luxum / 4

When the short-circuit and the overcurrent states are released and the output current (lout) becomes less than
lout_sHorT, the output voltage reaches the set output voltage. Then, the foldback protection is released. And
also, the foldback protection is released when the device is reset by inputting CE pin to “Low” or by decreasing
the input voltage to less than the UVLO detector threshold (Vuvios). If the foldback protection occurs by the
short-circuit and the overcurrent states when loutr exceed lout_sHorT, the device might not return to a normal
state even if their states are released. Release of the foldback protection is required to reduce lout less than
louT_sHorT OF reset the device.

Delay Time:Typ.20usec Foldback Duration

Inductor Current /\/\/\/\AA/\/\/\/\/\/\/\N\/VVW\/\/\/\/\/\

O0A

LX limit Current

Current (lLxuim)
: ILxuim/ 2

for Pch. transistor NANnN/

LX Voltage

(Vix)

VOUT Voltage UVD Detector

(Vour) oV ~~_ _____ _ Threshold (Vuwp)

Foldback Protection Timing Chart at Low Output Voltage

Note: The current limit function and the overcurrent limit protection of the latch / foldback type, as described
above, becomes possible to provide a high degree of safety to the device, not to secure reliability. And, lLxLim
and terot could be easily affected by self-heating or ambient environment. If the Vin drops dramatically or
becomes unstable due to short-circuit, protection operation and trrot could be affected.

14
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RP510L-Y
No. EA-424-190515

Reverse Current Limit Function

The reverse current limit function supervises the current on the Nch. transistor in every switching. When an
overcurrent more than the threshold current (Typ. -2.0 A) occur, the Nch. transistor is turned off to limit a lower
of the inductor current. On the heavy-to-light load transient, the reverse current limit function may occur by the
overcurrent. If this limit function occur, the reduction of the output voltage overshoot by reverse current will be
limited.

15
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RP510L-Y

No. EA-424-190515

APPLICATION INFORMATION

Conditions: Power Good enabled, Soft-start time of 30 ms

VIN
> PVIN LX L
Rec 1pH V.
J_lOOKQ 1 PVIN LX e A
Cin RAV|N:;
22uF T 10
AVIN PGND|
RP510L — —
< ¢ PG PGND 1 Couri | Courz
PG 5 22uF | 22uF
CE AGND !
o
TSS VOUT
Camy == Css L
0.01uF T O-1WF T

777

RP510Lxx1G/1H/4G/4H (Fixed Output Voltage Type) Typical Application Circuit

Conditions: Power Good disabled, Soft-start time of 150 us

VIN

22uF ==

Ravi
1Q

Cavin =
0.01pF

%%

PVIN

PVIN

AVIN

LX

LX

PGND

RP510L

PG

CE

TSS

PGND

AGND

VFB

L

777

_/%%q . VOUT=
3|
-I- --Coun --COUTZ
22uF | 22uF
.

RP510L001J/1N/4J/4N (Adjustable Output Voltage Type) Typical Application Circuit
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RP510L-Y
No. EA-424-190515

Cautions in selecting external components

® Choose a low ESR ceramic capacitor. The input capacitor (Cin) between PVIN and PGND should be more
than 22 pF, and the output capacitor (Cout) should be used by two or more parallel connection with ceramic
capacitor of 22 pF.

® The phase compensation of this device is designed according to the Cout and L values. The inductance
value of an inductor should be 1.0 pH to gain stability.

® Choose an inductor that has small DC resistance, has enough permissible current and is hard to cause
magnetic saturation. If the inductance value of the inductor becomes extremely small under the load
conditions, the peak current of LX may increase along with the load current. As a result, the overcurrent
protection circuit may start to operate when the peak current of LX reaches to LX limit current. Therefore,
choose an inductor with consideration for the value of l.xwax. See the following page of Calculation
Conditions of LX Pin Maximum Output Current (I xmax).

® As for the adjustable output voltage type (RP510L001J/1N/4J/4N), the output voltage (Vour) is adjustable
by changing the resistance values of R1 and R2.

VserW= Ve x (R1 + R2) /R2, (0.8 V< VseT< 3.3 V)

If R2 are too large, the impedance of Vrs also become large, as a result, the device could be easily affected
by noise. For this reason, R2 should be 30 kQ or less. If the operation becomes unstable dues to the high
impedances, the impedances should be decreased.

C1 can be calculated by the following equation. Please use the value close to the calculation result.

Cl1=5x107/R2[F]
The recommended component values for R1, R2, and C1 are as follows.

Set Output Voltage (Vser) vs. Resistor (R1, R2), Capacitor (C1)

Set Output Voltage Resistor [kQ] Capacitor [pF]
Vser[V] R1 R2 C1
0.8 10 30 16
1.2 20 20 25
1.8 40 20 25
25 95 30 16
3.3 a0 20 25

(1) Vser: set output voltage

17
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RP510L-Y
No. EA-424-190515

Calculation Conditions of LX Pin Maximum Output Current (I xmax)

The following equations explain the relationship to determine l.xmax at the ideal operation of the device in
continuous mode.

Ire : Ripple Current P-P value
Rone/ Ronn @ ON resistance of Pch. / Nch. transistor

RL : DC resistance of the inductor

First, when the Pch. transistor is “ON”, Equation 1 is satisfied.

Vin = Vourt + (RONP + RL) X LOUT F L X IRP J TON fr o v v e e e e Equation 1

Second, when the Pch. transistor is "OFF" (the Nch. transistor is "ON"), Equation 2 is satisfied.

L x Irp/ torE = RONN X 1oUT + VOUT F RL X [QUT ###rrrrrrrrmerrrrreenniaaa et aatiiaa s aaseaiaaasaaaeaes Equation 2

Put Equation 2 into Equation 1 to solve ON duty of the Pch. transistor (Don = ton / (torr + ton)):

Don = (Vout + Ronn x lout + RLx lout) / (ViN+ Ronn X lout = Ronp X louT) »rerrrrrrrmerenenn Equation 3

Ripple Current is described as follows:

Irp = (VIN - Vout — Rone x lout — RL x |OUT) X DON T FOSC [ Lvvemmm e Equation 4

Peak current that flows through L, and Pch. and Nch. transistors is described as follows:

ILXMAX = OUT FF IRP [ 2 v v e e ettt e e Equation 5

18
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P510L-Y

Example applications: Control sequencer

No. EA-424-190515

Sequencer control can establishes by using the soft-start time adjustment and the power good functions of
the RP510L. The following figure indicates an application circuit example with using two RP510L (DCDC1

and DCDC?2).
DCDCI1 starts up prior to DCDC2. After DCDC1 reaches the output voltage of typ.1.44 V (Vser x 0.8), CE pin
of DCDC2 receives "High" signal from PG pin of DCDC1, and the DCDC2's soft-start starts.

DCDC1 (RP510L001J/1N): Vin =5.0 V, Vour = 1.8 V, tstart = 30 ms, Css = 0.1 yF
DCDC2 (RPSlOLOOlJ/lN)Z Vin = 50 V, VouTt = 1.2 V, tsTarRT = 30 ms, Css =0.1 |JF

V|N=5.0V
> PVIN LX
Ly Vouri
1uH 1.8V
Cint RAVIN PVIN LX — 00— >
_L22pF m RP510L001J/N
— AVIN PGND 40kQ 25pF
R
100kQ DCDCL - = =
PG PGND b Cout |Cour2
22uF |22pF
CAVINl-‘_ CE AGND 1
0.01pF 20kQ
Css1
01|JF TSS VFB
777
PVIN LX L, Vours
1pH 1.2V
Rono PVIN LX e N >
c RP510L001J/N
IN2
22UF = AVIN PGND 20kQ 25pF
DCDC2 — ——
PG PGND p ‘ Cout21 | Cout22
22uF | 22yF
CE AGND )
Cavinz I 20kQ g
0.01pF
Css2 TSS VFB
Olp
B

Sequence Control Application Circuit Example

RICOH
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RP510L-Y

No. EA-424-190515

TECHNICAL NOTES

The performance of a power source circuit using this device is highly dependent on a peripheral circuit. A

peripheral component or the device mounted on PCB should not exceed a rated voltage, a rated current or a

rated power. When designing a peripheral circuit, please be fully aware of the following points.

e AGND and PGND must be wired to the GND plane when mounting on boards.

e AVIN must be connected to between an input capacitor (Cin) and PVIN via a low-pass filter (Recommended
LPF: 1 Q, 10 nF). Place a capacitor between AVIN and AGND as close as possible to the IC.

e Set the external components as close as possible to the IC and minimize the wiring between the
components and the IC. Especially, place Ci as close as possible to PVIN pin and PGND.

e Use the VIN and the GND lines as wide and short as possible to make low impedance, since noise pickup
or unstable operation occurs when their impedance are too high.

e The VIN line, the GND line, the Vour line, an inductor, and Lx should make special considerations for the
large switching current flows.

e Forthe feedback of output voltage, the wiring to the VOUT pin (RP510Lxx1G/1H/4G/4H) or to a resistor for
setting output voltage (R1) (RP510L001J/1N/4J/4N) must be taken from the connection with the output
capacitor, and also the wiring should be separated from the wiring between the output capacitor and Load.

e Overcurrent protection circuit and latch / foldback type protection circuit may be affected by self-heating or
power dissipation environment.

e When not using the soft-start time adjustment, always make TSS pin open.

e When not using the power good function, PG pin should be Open or connected to GND.

20
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RP510L-Y
No. EA-424-190515

PCB Layout Example

RP510L001J/1N/4J/AN (Adjustable Output Voltage Type)

Layer 1 (Top) Layer 2

Layer 3 Layer 4 (Bottom)

* The LPF between PVIN and AVIN is recommended to place to the layer 1 (Top) is recommended.
** R11 and R12 are arranged as a substitute for R1 so that two resistors can be connected in series.

21
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RP510L-Y

No. EA-424-190515

RP510Lxx1G/1H/4G/4H (Fixed Output Voltage Type)

Layer 1 (Top) Layer 2

Layer 3 Layer 4 (Bottom)

* LPF between PVIN and AVIN is recommended to place to Layer 1 (Top) is recommended.

22
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RP510L-Y

TYPICAL CHARACTERISTICS

No. EA-424-190515

Typical Characteristics are intended to be used as reference data, they are not guaranteed.

1) Output Voltage vs. Output Current
Vour =0.8V
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o
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3) Feedback Voltage vs. Temperature
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Vour=1.2V
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2) Output Voltage vs. Input Voltage
Vour=1.2V
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4) Output Voltage vs. Temperature

RP510L001J/1N/4J/4AN RP510Lxx1G/1H/4G/4H
Vour=1.2V
0612 1224
0.608 1 1216 1
0.604 1 1208 1
s L ] 3 |
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23

RICOH



RP510L-Y

No. EA-424-190515

5) Efficiency vs. Output Current

Vour =0.8V Vour=1.2V
100 100
a0 a0
80 80
70 70
= 60 = 60
R 80
@ @
2 40 2 40
w w
a0 a0
20 20
10 10
o 0
0.01 01 1 10 100 1000 10000 0.01 01 1 10 100 1000 10000
Output Current [mA] Output Current [mA]
6) Current Consumption vs. Temperature
Vour =3.3V Vin=55V
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7) Current Consumption vs. Input Voltage
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RP510L-Y

No. EA-424-190515

8) Output Voltage Waveform

Voutr = 1.2 V, lour = OmA Vout = 1.2V, lout = 4000mA
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9) Oscillation Frequency vs. Temperature 10) Oscillation Frequency vs. Input Voltage
25 25
2.4 . 24
o 23 1 23
I I
Z Z
= I — =
g 55 —_—\ & L
21 n 21
20 : ! : : : : 20
-40 -20 0] 20 40 60 80 100 25 3 35 4 4.5 5 55
Temperature[°C] Input Valtage[V]
11) Soft-start time vs. Temperature
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RP510L-Y

No. EA-424-190515

12) UVLO vs. Temperature
UVLO detection voltage
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13) CE Input Voltage vs. Temperature
CE "H" input voltage
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14) LX Limit Current vs. Temperature
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RP510L-Y

No. EA-424-190515

15) PG Detection Voltage vs. Temperature
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16) Soft-start Waveform
Vour=1.2 V, Css = open Vour

1.2V, Css = 0.1uF
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17) Load Transient Response
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RP510L-Y

No. EA-424-190515

18) Output Short-circuit Waveform

RP510Lxx1G/1H/1J/1N (Latch Type) RP510Lxx4G/4H/4J/4AN (Foldback Type)
Vin=5.0V, Vour=0.8V Vin=5.0V, Vour=0.8V
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19) Output Short-circuit Release Waveform

RP510Lxx4G/4H/4J/4N (Foldback Type)
Vin=5.0V, Vour=0.8V
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POWER DISSIPATION DFN3030-12

Ver. A

The power dissipation of the package is dependent on PCB material, layout, and environmental conditions.
The following measurement conditions are based on JEDEC STD. 51-7.

Measurement Conditions

Item Measurement Conditions

Environment Mounting on Board (Wind Velocity = 0 m/s)

Board Material Glass Cloth Epoxy Plastic (Four-Layer Board)

Board Dimensions 76.2 mm x 114.3 mm x 0.8 mm
Outer Layer (First Layer): Less than 95% of 50 mm Square

Copper Ratio Inner Layers (Second and Third Layers): Approx. 100% of 50 mm Square
Outer Layer (Fourth Layer): Approx. 100% of 50 mm Square

Through-holes $ 0.3 mm x 32 pcs

Measurement Result (Ta = 25°C, Tjmax = 150°C)
ltem Measurement Result

Power Dissipation 4300 mW

Thermal Resistance (6ja) bja = 29°C/W

Thermal Characterization Parameter (yijt) yjt = 3.1°C/W

6ja: Junction-to-Ambient Thermal Resistance
yijt: Junction-to-Top Thermal Characterization Parameter
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5000
- N\
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S 3500
£
c 3000 f S .
o
g 8
S 2500 o
2 =
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A 2000 |
g
= 1500 “
o \\
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Power Dissipation vs. Ambient Temperature Measurement Board Pattern

RICOH



PACKAGE DIMENSIONS

DFN3030-12
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10.

11.

. 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.

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

consent of Ricoh.

. 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.

. 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.

. 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.

. 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, fire containment 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.

. Anti-radiation design is not implemented in the products described in this document.
. The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and

characteristics in the evaluation stage.

. WLCSP products should be used in light shielded environments. The light exposure can influence functions and

characteristics of the products under operation or storage.

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In the
case of recognizing the marking characteristic with AOI, please contact Ricoh sales or our distributor before attempting
to use AOL.

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

&

Compliant

R OHS Ricoh is committed to reducing the environmental loading materials in electrical devices

with a view to contributing to the protection of human health and the environment.
Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Halogen Free  april 1, 2012.
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
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peweHun ans nepeaaym CBY curHano «FORSTAR>.
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