NSSHNBO

1A Step-down DC/DC Converters with Synchronous Rectifier

No.EA-273-210909

OUTLINE

The RP505K Series are low supply current CMOS-based 1A™ step-down DC/DC Converters with synchronous
rectifier. Each of these ICs consists of an oscillator, a reference voltage unit, an error amplifier, a switching control
circuit, a mode control circuit, a soft-start circuit, a latch type protection circuit, an under voltage lock out (UVLO)
circuit, a thermal shutdown circuit, and a switching transistors. A low ripple, high efficiency synchronous rectifier
step-down DC/DC converter can be easily composed of this IC with only an inductor and capacitors. Since the
package is DFN(PLP)2020-8, high density mounting on boards is possible.

In the RP505K series, as for the A version and B version, since feedback resistors are built-in, the voltage is
fixed internally. 0.1V step output can be set by laser-trim and +1.5%(Vour>1.2V) or 18mV(Vour<1.2V) tolerance
is guaranteed. As for the C version, output voltage is adjustable with external divider resisters.

By inputting a signal to MODE pin, the RP505K Series can choose PWM/VFM alternative mode or forced PWM
mode. In low output current, PWM/VFM alternative mode automatically switches from PWM to VFM in order to
achieve high efficiency. Likewise, in low output current, Forced PWM mode switches at fixed frequency in order
to reduce noise.

As protection circuits, the RP505K Series contain a current limit circuit which limits the Lx peak current in each
clock cycle, and a latch type protection circuit which latches the built-in driver to the OFF state if the load current
exceeds the limit value or the output short continues for a specified time (the protection delay time). The latch
protective circuit can be released by once putting the IC into the standby mode with the CE pin and then into the
active mode, or, by turning the power off and back on. Setting the supply voltage lower than the UVLO detector
threshold can also release the latch protective circuit. The RP505K Series also contain a thermal shutdown circuit
which detects the overheating and resets the IC when the junction temperature of the RP505K Series exceeds
the specified temperature.

I This is an approximate value, because output current depends on conditions and external parts.

FEATURES
o SUPPIY CUMENTE ...t Typ. 40pA (VFM mode with no-load)
e Standby CUIreNnt........ccccvveee i Max. 5pA
e Input Voltage RaNQge ........cccoeecvvvvviieeee i 2.3V to 5.5V (Absolute maximum rating: 6.5V)
e Output Voltage Range (VerAB) ......cccoovvviieeeenenn. 0.6V to 3.3V (Adjustable in 0.1V steps.
Note: As for 0.8V or less, input voltage range is limited.)
(Ver.C) e, 0.8V to 3.3V
e Output Voltage Accuracy (VerAB).......cccccveveennn. +1.5% (Vour>1.2V), +18mV (Vour<1.2V)
e Feedback Voltage Accuracy (Ver.C) .......ccccceeennn. +9mV (Ves=0.6V)

e Temperature-Drift Coefficient of Output Voltage/ Feedback
.............................................................................. Typ. £100ppm/°C

o Oscillator FreqUEeNCY ......cceeeviiiiviiiieeee e ieciieeeeeeen Typ. 2.25MHz

e Oscillator Maximum Duty Cycle..........coccuvveeeeeenn. Min. 100%

e Built-in Driver ON ReSIStance .........ccccovcvveeevvnenn. Typ. Pch. 0.23Q, Nch. 0.20Q (Vin=3.6V)
e UVLO Detector Threshold...........ccccccevviivvinennnnnn. Typ. 2.0V

o Soft-start TIMe......cccovveerie e Typ. 0.15ms

e Lx Current Limit CirCUit.........cccouvviiveeinniiiiiiieeeeene Typ. 1.7A

e Latch Type Protection CirCuit...........ccooveuviieeeenenn. Typ. 1.5ms

e Package .....ccccevee i DFN(PLP)2020-8
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RP505K

APPLICATIONS

e Power source for portable equipment such as cellular, PDA, DSC, Notebook PC
e Power source for HDD, WLAN.

e Power source for Li-ion battery-used equipment

BLOCK DIAGRAMS

AVIN

MODE

CE

AGND

RP505Kxx1A

Ramp Current <
Compensation Feedback E
Thermal
——uvLo| Protntan Current
Detector [
| Switching
[ soft start|—{ vref |— g [
A
y
Mode
"] Control 0sc
> Chip [
Enable
|
]
L

PVin

Lx

PGND

Vout

Nisshinbo Micro Devices Inc.



RP505K

AViN

MODE

CE

AGND

AViN

MODE

CE

AGND

RP505Kxx1B

ml=

—E

Ramp Current <
Compensation Feedback
Thermal
-UVLO Protection Current
Detector [
+ -
o Switching
[ soft start |- vref |— ) e
A
y
Mode
~| Control 0sc
»| Chip
"| Enable >0
|
]
4

RP505K001C

ml=

—F

Ramp Current <
Compensation Feedback
Thermal
-UVLO Protection Current
Detector
+ . .
| Switching
|Soft Start|—>| Vref l— ~ Control
A
y
Mode
~| Control 0sc

Chip

"| Enable

n

PVin

Lx

PGND

Vout

PVin

Lx

PGND

Vrs

Nisshinbo Micro Devices Inc.


1300DJ0348
ノート注釈
1300DJ0348 : None

1300DJ0348
ノート注釈
1300DJ0348 : MigrationNone

1300DJ0348
ノート注釈
1300DJ0348 : Unmarked


RP505K

SELECTION GUIDE

In the RP505K Series, output voltage, and auto discharge function for the IC are selectable at the user’s request.

Product Name Package Quantity per Reel

Pb Free

Halogen Free

RP505Kxx1$-TR DFN(PLP)2020-8 5,000pcs

Yes

Yes

The output voltage adjustable type: xx=00
(For other voltages, please refer to MARK INFORMATIONS.)

xx : The output voltage can be designated in the range from 0.6V(06) to 3.3V(33) in 0.1V™! steps.

$ : Designation of Mask Option
A) Fixed output voltage type, without auto-discharge function at off state
B) Fixed output voltage type, with auto-discharge function at off state

C) Adjustable output voltage type, without auto-discharge function at off state

Auto-discharge function quickly lowers the output voltage to 0V, 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.

*10.05V step is also available as a custom code.

PIN CONFIGURATIONS

e DFN(PLP)2020-8
Top View Bottom View
8 7 6 5

HEEREEN

Nisshinbo Micro Devices Inc.


1300DJ0348
ノート注釈
1300DJ0348 : None

1300DJ0348
ノート注釈
1300DJ0348 : MigrationNone

1300DJ0348
ノート注釈
1300DJ0348 : Unmarked


RP505K

PIN DESCRIPTIONS
® RP505K: DFN(PLP)2020-8

Pin No. Symbol Description
1 MODE Mode Control Pin (“H” Forced PWM Mode, “L” PWM/VFM Alternative Mode)
2 CE Chip Enable Pin ("H" Active)
3 AV Input Pin™t
4 PVin Input Pin™t
5 Lx Lx Switching Pin
6 PGND Ground Pin™
7 AGND Ground Pin™
8 Vout/Vrs Output Pin / Feedback Pin
Tab is GND level. (They are connected to the reverse side of this IC.) The tab is better to be connected to the GND, but
leaving it open is also acceptable.
*1 No.3 pin and No.4 pin, and also No.6 pin and No.7 pin must be wired each other when mounted on boards.

ABSOLUTE MAXIMUM RATINGS

(AGND=PGND=0V)

Symbol Item Rating Unit
A/PVin AViN/PVin Input Voltage -0.3t06.5 \%
Vix Lx Pin Voltage -0.3to A/PVin + 0.3 Vv
Vce CE Pin Input Voltage -0.3t06.5 \%
Vout/Ves Vout/Vrs Pin Voltage -0.3t06.5 Vv
V/mopE MODE Pin Voltage -0.3t0 6.5 Vv
lLx Lx Pin Output Current 1.7 A
Po Power Dissipation (Standard Test Land Pattern)*! 880 mwW
Ta Operating Temperature Range -40 to 85 °C
Tstg Storage Temperature Range -55to0 125 °C

I *1 For Power Dissipation and Standard Test Land Pattern, please refer to PACKAGE INFORMATION.

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.

RECOMMENDED OPERATING CONDITIONS (ELECTRICAL CHARACTERISTICS)

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 when 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.

Nisshinbo Micro Devices Inc.
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RP505K

ELECTRICAL CHARACTERISTICS

® RP505Kxx1A/B (Ta=25°C)
Symbol Item Conditions Min. Typ. | Max. Unit
0.8V =Vour =3.3V 2.3 55
A/PVIN Operating Input Voltage 0.7V =Vour<0.8V 2.3 4.4 \%
0.6V =Vour<0.7V, MODE="L""" 2.3 4.2
Vour | Output Voltage Eee,f(f\,r\,_ti)zthe conditions XOUTZLZV % LN Y
out<1.2V | -0.018 +0.018
AVout/AT | Qutput Voltage Temperature -40°C =Ta =85°C +100 ppm/°C
fosc Oscillator Frequency Refer to the conditions below. 2 2.00 2.25 2.50 MHz
Ibp1 Supply Current 1 A/PViN=VcE=5.5V, Vout=VseTx0.8 500 840 JIVAN
Ipp2 Supply Current 2 A/PVin=Vce=VouT=5.5V Viope=OV 40 00 pA
VMope=5.5V 500 840
Istandby | Standby Current A/PViN=5.5V,Vce=0V 0 5 pHA
Icen CE "H" Input Voltage A/PVIN=VcE=5.5V -1 0 1 nA
IcEL CE "L" Input Voltage A/PVin=5.5V,Vce=0V -1 0 1 HA
IMODEH Mode "H" Input Current A/PViN=VmoDE=5.5V,VcE=0V -1 0 1 pA
IMODEL Mode "L" Input Current A/PViN=5.5V ,VcE=VmoDE=0V -1 0 1 pA
IvouTH VOUT "H" Input Current™ A/PViN=VouT=5.5V,Vce=0V -1 0 1 nA
IvouTL VOUT "L" Input Current A/PViN=5.5V,Vce=Vout=0V -1 0 1 nA
RLow Nch On Resistance for Auto Discharge™ | A/PVIN=3.6V,Vce=0V 30 Q
I.xeakH | LX Leakage Current "H" A/PVIN=VLx=5.5V,VcE=0V -1 0 5 pA
I.xeake | LX Leakage Current "L" A/PVIN=5.5V ,Vce=VLx=0V -5 1 pA
VcEH CE "H" Input Voltage A/PViN=5.5V 1.0 \%
VcEL CE "L" Input Voltage A/PViN=2.3V 0.4 \%
VMODEH Mode "H” Input Voltage A/PVIN=VcE=5.5V 1.0 \%
V/MODEL Mode "L” Input Voltage A/PVIN=VcE=2.3V 0.4 \%
Ronp On Resistance of Pch Tr. A/PVIN=3.6V, lLx==100mA 0.23 Q
Ronn On Resistance of Nch Tr. A/PVIN=3.6V, lLx==100mA 0.20 Q
Maxduty | Oscillator Maximum Duty Cycle 100 %
tstart Soft-start Time Refer to the conditions below. 150 300 us
[Lxtim Lx Current Limit Refer to the conditions below. 2 1400 | 1700 mA
tprot Protection Delay Time Refer to the conditions below. " 0.5 15 5 ms
VuvLo1 UVLO Detector Threshold A/PViN=VcE 1.9 2.0 2.1 \Y,
VuvLo2 UVLO Released Voltage A/PVIN=VCcE 2.0 2.1 2.2 \%
Trsp Thermal Shutdown Temperature Junction Temperature 140 °C
TTsr Thermal Shutdown Released Temperature | Junction Temperature 100 °C
Note: Test circuit is "OPEN LOOP" and AGND=PGND=0V unless otherwise specified.
"10.6V =Vour<0.7V: MODE="L"PWM/VFM Alternative Mode.
"2 AJPVin=Vee=3.6V (Vser = 2.6V), AIPVin=Vee=Vser+1V (Vser>2.6V)
*3 with no auto discharge version only
* with auto discharge version only

Nisshinbo Micro Devices Inc.



1300DJ0348
ノート注釈
1300DJ0348 : None

1300DJ0348
ノート注釈
1300DJ0348 : MigrationNone

1300DJ0348
ノート注釈
1300DJ0348 : Unmarked


RP505K

e RP505K001C (Ta=25°C)
Symbol Item Conditions Min. Typ. Max. Unit
A/PVIN Operating Input Voltage 2.3 5.5 \%
VrB Feedback Output Voltage A/PVIN=Vce=3.6V 0.591 | 0.600 | 0.609 \%
AVFe/AT ?gemdptﬁgt(u?e”tcpgéf\{igi'tea;gte -40°C <Ta =85°C +100 ppm/°C
fosc Oscillator Frequency Refer to the conditions below. ™ 200 | 225 | 250 MHz
Ibb1 Supply Current 1 A/PViN=Vce=5.5V, Vre=0.48V 500 840 pA
VmMobe=0V 40 60
Ibp2 Supply Current 2 A/PViN=Vce=Vout=5.5V pHA
VMope=5.5V 500 840
Istandby | Standby Current A/PVIN=5.5V,Vce=0V 0 5 pA
Icen CE "H" Input Voltage A/PVIN=Vce=5.5V -1 0 1 nA
IcEL CE "L" Input Voltage A/PVIN=5.5V,Vce=0V -1 0 1 HA
IMODEH Mode "H" Input Current A/PViN=VmopE=5.5V,Vce=0V -1 0 1 pA
IMODEL Mode "“L" Input Current A/PVIN=5.5V,Vce=VmobE=0V -1 0 1 pHA
IvFBH VFB "H" Input Current A/PViN=VouT=5.5V,Vce=0V -1 0 1 pA
IvFBL VFB "L" Input Current A/PViN=5.5V Vce=Vout=0V -1 0 1 pA
IxLeakH | LX Leakage Current "H" A/IPVIN=VLx=5.5V,Vce=0V -1 0 5 pA
I.xeeake | LX Leakage Current "L" A/PVIN=5.5V Vce=VLx=0V -5 0 1 pA
VcEH CE "H" Input Voltage A/PViN=5.5V 1.0 \%
VcEL CE "L" Input Voltage A/PVIN=2.3V 0.4 \%
V/MODEH Mode "H” Input Voltage A/PVIN=Vce=5.5V 1.0 \%
V/MODEL Mode "L” Input Voltage A/PVIN=Vce=2.3V 0.4 \%
Ronp On Resistance of Pch Tr. A/PVIN=3.6V, lL.x=—100mA 0.23 Q
Ronn On Resistance of Nch Tr. A/PVIN=3.6V, lL.x=—100mA 0.20 Q
Maxduty | Oscillator Maximum Duty Cycle 100 %
tstart Soft-start Time Refer to the conditions below. " 150 300 us
[Lxtim LX Current Limit Refer to the conditions below. ™ 1400 | 1700 mA
tprot Protection Delay Time Refer to the conditions below. * 0.5 15 5 ms
VuvLo1 UVLO Detector Threshold A/PVIN=VcE 1.9 2.0 21 \%
VuvLo2 UVLO Released Voltage A/PVIN=VCcE 2.0 2.1 2.2 \%
Trsp Thermal Shutdown Temperature Junction Temperature 140 °C
TTsR iggrr?ee:gﬁﬁ:tdown Released Junction Temperature 100 °C

I Test circuit is "OPEN LOOP" and AGND=PGND=0V unless otherwise specified.
L AIPViN=Vce=3.6V (Vser = 2.6V), AIPVin=Vce=Vser+1V (Vser>2.6V)
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RP505K

TYPICAL APPLICATION
(Fixed Output Voltage Type)

VIN Vout
> PVIN Lx >
L
2.2pH
CiN- - AVIN Vout — Cour
o Series
00— CE AGND
O
O
MODE PGND
777
*) MODE="H" Forced PWM Mode
MODE="L" PWM/VFM Alternative Mode
(Adjustable Output Voltage Type)
VIN Vout
> PVIN Lx —
CiN- AVIN VFB  Cout
o Series
00— CE AGND
0O
O
MODE PGND
777
*) MODE="H" Forced PWM Mode
MODE="L"PWM/VFM Alternative Mode
Symbol Recommendation components
Cin 4.7uF Ceramic C1608JB0J475K(TDK)
Cour 10uF Ceramic C1608JB0J106M(TDK)
L 2.2uH Inductor MIPSA2520D2R2(FDK)
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RP505K

TECHNICAL NOTES

When you use these ICs, consider the following issues:

- Set the same level as AGND and PGND.

- Set the same level as AVin and PVn.

- Place the external parts as close as possible to the IC by using a short as possible wiring. Especially, place the
capacitor as close as possible to the PVin and PGND pins. Ensure the Voo and GND lines are sufficiently robust.
If their impedances are too high, the electrical potential of the inside of the IC could be fluctuated by switching
current, and noise pickup or unstable operation could be the results. Please note that the large switching current
flows through the Voo line, the GND line, an inductor, the Lx, and the Vour line. Separate the line between the
Vout pin and an inductor (A and B versions), and the line between a resistor for setting output voltage (R1) and
an inductor (C version), from the line connected to the load. Use a ceramic capacitor with the small ESR value.

- The recommended capacitance value for the Cin capacitor connected between the PVin and PGND pins is 4.7uF
or more. Also, the recommended capacitance value for the Cour capacitor is 10pF.

- The Inductance value should be set within the rage of 1.0 to 2.2uH. However, the inductance value is limited by
output voltage, so please refer to the table below. For stable operation, the phase compensation is set according
to the specified inductance value and the specified Cour capacitance value. Select the inductor with low DC
resistance, with large permissive current, with high resistant to magnetic saturation. Select the inductance value
considering the load current by the conditions of use. If the inductance value is small, the Lx peak current may
increase along with the increase of load current. When the Lx peak current reaches to the “Lx limit current”, the
current limit circuit may be activated.

[Inductance Range vs. Output Voltage Range]

Vour [V] L=1.0pH L=1.5uH L=2.2uH
0.6~1.55 O O O
1.6~2.3 X O O
2.35~3.3 X X O

- Please note that Current limit circuit and Latch type protection circuit could be affected by self-heating or heat
dissipation environment.

- For adjustable output voltage type (C version), the output voltage (Vour) is adjustable by changing the R1 and
R2 values as follows.

Vour = Vre x (R1 + R2) / R2 (0.8V =Vour =3.3V)

If the R:1 and Rz values are large, the impedances of the Vrs pin become large and could be easily affected by
noise. Therefore, set the Rz value to 220kQ or less. If the operation becomes unstable due to the high
impedance, the impedance should be decreased. The Ci value can be calculated by the following formula.
Please use the value close to the calculation result.

C1=4.84 x 106/ Rz [F]

* The performance of power supply circuits using this IC largely depends on the peripheral circuits. Please be
very careful when setting the peripheral parts. When designing the peripheral circuits of each part, PCB patterns,
and this IC, please do not exceed the rated values (Voltage, Current, Power).
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RP505K

Operation of Step-down DC/DC Converter and Output Current

The DC/DC converter charges energy in the inductor when Lx transistor is ON, and discharges the energy from
the inductor when Lx transistor is OFF and controls with less energy loss, so that a lower output voltage than the
input voltage is obtained. The operation will be explained with reference to the following diagrams:

<Basic Circuit> <Current through L>
IL
A ILmax
-------- i1
VIN e B [ Jvour
Pch Tr L :
| Y
NehTr\ | i2 VY= >
| CL > - -
! D ton - toff
. GND - >
D D ' T=1/fosc

- Step 1: Pch Tr. turns on and current IL (=i1) flows, and energy is charged into CL. At this moment, IL increases
from ILmin (=0) to reach ILmax in proportion to the on-time period (ton) of Pch Tr.

- Step 2: When Pch Tr. turns off, Synchronous rectifier Nch Tr. turns on in order that L maintains IL at ILmax, and
current IL (=i2) flows.

- Step 3: IL (=i2) decreases gradually and reaches IL=ILmin=0 after a time period of topen, and Nch Tr. turns off.
Provided that in the continuous mode, next cycle starts before IL becomes to 0 because toff time is not
enough. In this case, IL value increases from this ILmin (>0).

In the case of PWM control system, the output voltage is maintained by controlling the on-time period (ton), with
the oscillator frequency (fosc) being maintained constant.

The maximum value (ILmax) and the minimum value (ILmin) of the current flowing through the inductor are the
same as those when Pch Tr. turns on and off.
The difference between ILmax and ILmin, which is represented by Al:

Al = ILmax = ILmin = Vout x topen / L = (Vin = Vout) X ton/ L .oooviiiiiiiieee e Equation 1

Wherein,
T =1/ fosc = ton + toff
duty (%)=ton / T x 100 = ton x fosc x 100
topen < toff

In Equation 1, Vour x topen / L and (Vin — Vour) x ton / L respectively show the change of the current at "OFF", and
the change of the current at "ON".
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RP505K

Discontinuous mode and Continuous mode

When the output current (lout) is relatively small, topen < toff as illustrated in the above diagram. In this case,
the energy is charged in the inductor during the time period of ton and is discharged in its entirely during the time
period of toff, therefore ILmin becomes to zero (ILmin=0). When lour is gradually increased, eventually, topen
becomes to toff (topen=toff), and when lour is further increased, ILmin becomes larger than zero (ILmin>0). The
former mode is referred to as the discontinuous mode and the latter mode is referred to as continuous mode.

Discontinuous mode Continuous mode

L IL ILmax

A A
ILmax

ILmin topen /
/ 1t Iconst
v

ton toff

A 4

A A

\ 4
\ 4
A

ton toff

A A
v .Y
A A
Y. .Y

T=1/fosc T=1/fosc

In the continuous mode, when Equation 1 is solved for ton and assumed that the solution is tonc,

Lo TR PO TR Y N S Equation 2

When ton<tonc, the mode is the discontinuous mode, and when ton=tonc, the mode is the continuous mode.

Nisshinbo Micro Devices Inc.
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RP505K

Forced PWM Mode Control and VFM Mode Control

By setting the Mode pin to H, the IC switches the frequency at the fixed rate to reduce noise even when output
load is light. Therefore, when lout is AIL/2 or less, ILmin becomes less than 0. That is, the IC discharges the
electrical charge in CL to the IC side until the IL changes from ILmin to 0 during ton time, and the IL changes from

0 to ILmin during toff time.

Forced PWM Mode Control

ILmax

ton toff :
; T=1/fosc :

By setting the Mode pin to L, the IC automatically switches into VFM mode for high efficiency when output load
is light. Under VFM mode, ton indicates the time until the IC reaches to the pre-set ILmax. With the RP505K Series,
ILmax during VFM control is pre-set to 280mA or so. However, even if the IC is not reached to ILmax yet, ton turns
off when it becomes around 1.5 times of T=1/fosc.

VFM Mode Control

. ton toff :
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RP505K

Output Current and Selection of External Components

The relation between the output current and external components is as follows:
(Wherein, Ripple Current p-p value is described as Ire, ON resistance of Pch Tr. and Nch Tr. of Lx are
respectively described as Rone and Ronn, and the DC resistor of the inductor is described as Rv.)
When Pch Tr. of Lx is ON:
ViN = Vout + (Ronp + RL) X [oUT + L X IRP/ 10N wevviiiiiiiiiiiiiiiiicee e e e Equation 3
When Pch Tr. of Lx is "OFF" (Nch Tr. is "ON"):
L x Ire / toff = RoNN X louT + VouT + RL X JOUT oiiiiiiiiiiieieiiieecce e Equation 4
Put Equation 4 to Equation 3 and solve for ON duty of Pch transistor, Don = ton / (toff + ton),
Don = (Vour + Rown x lout + RL x lout) / (Vin + Ronn x lout = Rone x 10UT) ..e.veeeeeeeeennn. Equation 5
Ripple Current is as follows:
Irp = (ViN = Vout = Rone x lout = RL X louT) X DON/ f0SC / Luveeeceveiiiiecciiecceccciie e Equation 6
wherein, peak current that flows through L, and Lx Tr. is as follows:

ILXMAX = 1OUT F IRP /2 ottt e e e e e et er e e e e e e e ane Equation 7

*Consider ILxmax, condition of input and output and select external components.

*The above explanation is directed to the calculation in an ideal case in continuous mode.
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RP505K

TIMING CHART
(1) Soft-start Time

® |n the case of starting this IC with CE
In the case of starting this IC with CE, the operation can be as in the timing chart below.
When the voltage of CE pin (Vce) is beyond the threshold level, the operation of the IC starts. The threshold
voltage of CE pin is in between CE "H" input voltage (Vcen) and CE "L" input voltage (VceL) described in the
electrical characteristics table. Soft-start circuit operates, and after the certain time, the reference voltage
inside the IC (Vrer) is rising gradually up to the constant value.

CE Pin Veen /
|nput V0|tage Threshold Level 7
VeeL
(Vee) / Soft-start Time
IC Internal Voltage
Reference
(VREF) Soft-start Circuit ——
Lx Voltage operaing ||MMM HHHHHHHHHH
(Vix) ~ PWM mode operating
during the Soft-start Time /,—
Output Voltage : ~—
V. Depending on Power supply,
(Vour) Load Current, External Components

Soft-start time is the time interval from soft-start circuit starting point to the reference voltage level reaching
point up to this constant level.
*Soft-start time is not always equal to the turn-on speed of DC/DC converter.
The power supply capacity for this IC, load current, inductance and capacitance values affect the turn-on
speed.

® |n the case of starting with power supply

In the case of starting with power supply, when the input voltage (Vi) is larger than UVLO released voltage
(Vuvo2), soft-start circuit operates, and after that, the same explanation above is applied to the operation.
Soft-start time is the time interval from soft-start circuit starting point to the reference voltage level reaching

point up to this constant level.

Set Vour
Vuvioz \\
Input Voltage Vuviol
(Vin) Soft-start Time
IC Internal Voltage
Reference
(Vrer)
Lx Voltage " ’I “ JL
(Vix) PWM mode operating during the Soft-start Time
Set Vour i
Output V0|tage Depending on Power supply,
(Vour) Load Current, External Components

*Turn-on speed is affected by next conditions;
(a) Input Voltage (Vi) rising speed depending on the power supplier to the IC and input capacitor Cin.
(b) Output Capacitor Cour value and load current value.
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RP505K

(2) Under Voltage Lockout (UVLO) Circuit

The step-down DC/DC converter stops and ON duty becomes 100%, if input voltage (Vin) becomes less
than the set output voltage (Set Vour), the output voltage (Vour) gradually drops according to the input voltage
(Vin). If the input voltage drops more and becomes less than UVLO detector threshold (Vuvioi), the under
voltage lockout circuit (UVLO) operates, the IC internal reference voltage (Vrer) stops, switching transistors
turn off and the output voltage drops according to the load and output capacitor Cout value.
To restart the normal operation, the input voltage (Vin) must be more than the UVLO released voltage (Vuvioz).
The timing chart below describes the operation with varying the input voltage (Vin).

Input Voltage ~ Set Vour

(Vin) VuviLoz

Vuvio1

IC Internal Voltage

Reference
(Vrer)

Lx Voltage
(Vx)

Output Voltage

(Vour) Set Vour

Soft-start Time

N
AN

e

i

Depending on Power supply,
Load Current, External Components

*Actually, the waveform of Vour at UVLO working and releasing varies depending on the initial voltage of

Cout and load current situation.

Nisshinbo Micro Devices Inc.
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RP505K

(3) Over Current Protection Circuit, Latch Type Protection Circuit

Over current protection circuit supervises the inductor peak current (the current flowing through Pch
transistor) in each switching cycle, and if the current exceeds the Lx current limit (I.xiim), turns off Pch
transistor. The Lx current limit of RP505K is Typ.1700mA.

Latch type protection circuit latches the built-in driver to the OFF state and stops the operation of DC/DC
converter if the over current status continues or the output voltage continues being the half of the setting
voltage for equal or longer than protection delay time (tprot).

*Lx current limit (I.xim) and protection delay time (tprot) could be easily affected by self-heating or ambient

environment. If the input voltage (Vin) drops drastically or becomes unstable due to short-circuit, the
protection operation and protection delay time may be affected.

Protection Delay Time (tprot)

NVVVWWA A € AV
Lx Current /\/\/\/\/\/\/\/\/\/\/\/\/\/\/

' Lx Current Limit (lxlim)
Pch Tr. Current | I’ ’
£
Lx Voltage
(V) &

To release the condition of latch type protection, restart this IC by inputting "L" signal to CE pin, or restart
this IC with power-on or make the supply voltage lower than UVLO detector threshold (Vuvioz) level.

The timing chart shown below describes the changing process of input voltage rising, stable operating,
operating with large current, reset with CE pin, stable operating, input voltage falling, input voltage recovering,
and stable operating.

Point(1) : If the large current flows through the circuit or the IC goes into low output voltage condition due to
short-circuit or other reasons, the latch type protection circuit latches the built-in driver to OFF state after the
protection delay time (tprot). Then, Vix becomes "L" and the output voltage turns OFF. In this timing chart
below, the latch protective circuit can be released by once putting the IC into "L" with the CE pin and then
into "H" again.

Point(2) : The latch type protection can be released by UVLO reset by making the input voltage lower than
the UVLO detector threshold(VUVLO1)

(1) (2)
Set Vour
Input Voltage \ o release Voltage (VUVLoz)\\
(Vin) UVLO Detect Voltage  (Vuvioz) ~<7
. UVLO Reset
CE le Set Vour ‘\ CER .
ese
Input Voltage Threshold Level 2. preeet
(Vee) Protection Delay Time i Protection Delay Time
— - o — - o
Lx Voltage Set Vour
(Vix)
—— r——
Latch-type Protection Latch-type Protection
Set Vour ; - ;
Output Voltage g i g .
(VOUT) , Stable i Stable Stable
— 1 operation ‘——joperation:——: ioperation
Soft-start Time  Soft-start Time Soft-start Time
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RP505K

TYPICAL CHARACTERISTICS
1) Output Voltage vs. Output Current

Output Voltage Vout (V) Output Voltage Vout (V)

Output Voltage Vout (V)

RP505K Vour=0.8V
MODE="L" PWM/VFM automatic shift

0.820 T
0.815
0.810
0.805 ™
0.800
0.795
0.790
0.785
0.780

001 0.1 1 10 100

Output Current lout (mA)

DTTHHT TiiH
VIN=3.6V i

VIN=5.0V i

1000

RP505K Vour=1.2V
MODE="L" PWM/VFM automatic shift

1.220
1.215
1.210
1.205 —
1.200
1.195
1.190
1.185
1.180 |

001 0.1 1 10

=—\/IN=3.6V
=—\/IN=5.0V

1000

100
Output Current lout (MA)

RP505K Vour=1.8V
MODE="L" PWM/VFM automatic shift

1.830
1.825 [ L

100
Output Current lout (mA)

0.01 0.1 1 10 1000

Output Voltage Vout (V) Output Voltage Vout (V)

Output Voltage Vout (V)

0.820
0.815
0.810
0.805
0.800
0.795
0.790
0.785
0.780

0 200

1.220
1.215
1.210
1.205
1.200
1.195
1.190
1.185
1.180

RP505K Vour=0.8V

MODE="H" forced PWM

; [ ;
VIN=3.6V —|

VIN=5.0V

ﬁ‘

400 600

800 1000

Output Current lout (MmA)

RP505K  Vour=1.2V

MODE="H" forced PWM

VIN=3.6V

VIN=5.0V

0 200 400 600

800 1000

Output Current lout (MA)

RP505K  Vour=1.8V

MODE="H" forced PWM

VIN=3.6V —|
= \/IN=5.0V

0 200 400 600

Output Current lout

800
(mA)

1000
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RP505K

RP505K Vour=3.3V
MODE="L" PWM/VFM automatic shift

3.350
S 3.340
- 3330
S 3320
© 3310 -
£ 3.300
(@)
> 3.290
2 3.280
5 3.270
3.260
001 0.1 1 10 100 1000
Output Current lout (mA)
2) Output Voltage vs. Input Voltage
RP505K  Vour=0.8V
MODE="H" forced PWM
082
s
5
3 0.81
>
>
& 0.80
S —|0OUT=1mA
3 07 ——IOUT=100mA |
3 ——|0UT=800mA
0.78 : : :
23 28 33 38 43 48 53
Input Voltage Vin (V)
RP505K Vour=1.8V
MODE="H" forced PWM
183
S
< 1.82
2
O
> 1.81
8,) w
& 1.80 ‘
2 179 —|OUT=1mA
3 ——I0UT=100mA
£ 178 ——
¢} = |OUT=800mA
1.77 : : :
23 28 33 38 43 48 53

Input Voltage Vin (V)

Output Voltage Vout (V)

Output Voltage Vour (V)

Output Voltage Vour (V)

RP505K  Vour=3.3V
MODE="H" forced PWM

3.350
3.340
3.330
3.320
3.310 = %
3.300
3.290 -
3280 VIN:4.3V
3.270 ~VIN=5.0v
3.260 |
0 200 400 600 800 1000
Output Current lout (mA)
RP505K Vour=1.2V
MODE="H" forced PWM
1.22
1.21
1.20
= |QUT=1mA
1.19 IOUT=100mA T
= |OUT=800mA
1.18 ‘ ‘
23 28 33 38 43 48 53
Input Voltage Vin (V)
RP505K Vour=3.3V
MODE="H" forced PWM
3.35
3.34
3.33
3.32
3.3]
3.30
3.29 IOUT=1mA —
3.28 _
397 | OUT=100mA
3.26 = |OUT=800mA |
3.25 | | i |
3.8 4.3 4.8 5.3

Input Voltage Vin (V)
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3) Output Voltage vs. Temperature
RP505K181A/B

1.830 ‘ ‘

1.820 ——VIN=3.6V |
1.810

1.800

1.790

!_\
~
)
o

Output Voltage Vout (V)

1.770

-50 -25 0 25 50 75 100
Temperature Ta (°C)

5) Efficiency vs. Output Current
RP505K  Vour=0.8V

100 — 7777 Vin=5.0V, Viope=0V
90 Viy=3.6V, Viope=0V |
80 N - N i
A\ /:_ L y 7 \\
g /0 7y /
S Z
~ 60 7
) // , 4
e 50 // &
@ / {, R
E 30 / / VIN=Vmope=5.0V
/)
20
// /
10 : .-ﬁ Vin=Vmope=3.6V
0 . e || 7T I IR
0.01 0.1 1 10 100 1000
Output Current lout (mA)
RP505K Vour=1.8V
100 — VIN=5.0V, VMODE ov -
VIN 3 6V VMODE oV ; L
90 S Y N
N e gy,
80 > i /
~ 70 A’ o y 4 /
X {/ /
< 60 £/ i
) // j
g o0 4 /
S 40 '~
E 30 ,N / VIN VMODE 5.0V
20 / 4 s ‘ss
// S VIN—VMODE 3 6V
10 r i"‘ ::‘ i P
0 == |
0.01 0.1 1 10 100 1000

Output Current lout (mA)

4) Feedback Voltage vs. Temperature

RP505K001C

0.609
S 0.606
@ —\/IN=3.6V |
> 0.603
> 0.
S
S 0600 T —
'§ 0.597
o)
® 0.594
(0]
Lo

0.591

-50 -25 0 25 50 75 100
Temperature Ta (°C)
RP505K Vour=1.2V
100 : S VIN—5 OV VMODE oV i
90 Vin=3. ev VMODE ov NG
{ N
80 ;
/7 //
Q 70 '
< // /
> 60 4 7 /
g / )
c 50
'g 40 / / /
* 30 / 1
/ / N | Vin=Viwooe=5.0
20 ‘)
10 1 /
0 -
0.01 0.1 1 10 100 1000

Output Current lout (mA)

RP505K  Vour=3.3V

Vin=5.0V, VMODE OV
100 - vin= 4.3V, Vmope=0V

IBSEHIS ---.
90 : ~
80 \ 7 /
Y
< 70 / /'
- 60 /
£ 50 '
‘s 40 /
G304 il
Vin=VmopE=5.0V
20 4 AN
10 /7 ViN=Vmope=4.3V |
0 s L
0.01 0.1 1 10 100 1000

Output Current lout (mA)
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RP505K

6) Supply Current vs. Temperature
RP505K  Vour=1.8V(Vin=5.5V)
MODE="L" PWM/VFM automatic shift

7) Supply Current vs. Input Voltage
RP505K  Vour=1.8V
MODE="L"PWM/VEM automatic shift

20

55 55
g 50 Z 50
:]C_.; 4 g E 45 fp]
2 ] o
5 40 e e — S 40 m——
@)
2 35 ——Closed Loop 2 35 Closed Loop T
g. o
I >
» 30 ——Open Loop ® 30 =—Open Loop
25 L L L L 25 | | |
-50 0 50 100 23 28 33 38 43 48 53
Temperature Ta (°C) Input Voltage Vin (V)
8) DC/DC Output Waveform
RP505K  Vour=0.8V(Vin=3.6V) RP505K  Vour=0.8V(Vin=3.6V)
MODE="L"PWM/VFM automatic shift MODE="H" forced PWM
lout=10mA lout=10mA
0.04 ‘ ‘ 0.04 \ \
003 |— Output Voltage . 0.03 |- Output Voltage —_
g o002 |——1I g S 002 | —u e
S o001 {'-\_ %"*\ r\ = & 001 =
§ S 0.00 e, "”O\d % 5 S 0.00 [rovrvwrew e Rveeni E
©3 5 22 =
g9 O 3 3
z5 300 5 g3 100 2
:g- 200§ :a Lis dabinalnaalaoila 1y rartbilleg 50 g
3 I 100 £ ] o 2
» 0 ‘ ‘ -50
-100 -100
0 10 20 30 40 0 5 10 15 20
Time t (us) Time t (us)
RP505K  Vour=1.2V(Vin=3.6V) RP505K  Vour=1.2V(Vin=3.6V)
MODE="L"PWM/VFM automatic shift MODE="H" forced PWM
lout=10mA lout=10mA
0.04 T T T 0.04 \ \ \
5 0.03 |— Output Voltage . 003 = Output Voltage
< 002 |- —1IL — < Q 002 | —1IL <
g g 3 \ | E
g _oo01 - A o g 001 =
%?,ooo Pona, PN"‘\. 2 %go_oo ww =
o2 ™ ™ g S9 o
35 Y- S
z> 300 ¢ £ 1009
El 200 © < B HEH BB 50 £
= > =}
3 100 2 g 0o B
b » 0 -50
-100 -100
0 10 20 30 40 0 5 10 15 20
Time t (us) Time t (us)
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Output Ripple Voltage(AC)

Output Ripple Voltage(AC)

Vripple (V)

Vripple (V)

0.04
0.03
0.02
0.01
0.00

0.04
0.03
0.02
0.01
0.00

RP505K  Vour=1.8V(Vin=3.6V)
MODE="L" PWM/VFM automatic shift

lout=10mA
T T T
— Output Voltage <
£
L —— L =
=
e | 5
™ 5
@)
300 8
(8]
200 3
[
100 —
0
-100
0 10 20 30 40
Time t (us)
RP505K  Vour=3.3V(Vin=5.0V)
MODE="L"PWM/VFM automatic shift
lout=10mA
\ \
— Output Voltage
- <
IL £
=
AT AT AT AV I
g
5
300 ©
200 £
>
100 2
ot 0
-100
0 10 20 30 40
Time t (us)

Output Ripple Voltage(AC)

Output Ripple Voltage(AC)

RP505K  Vour=1.8V(Vin=3.6V)
MODE="H" forced PWM

lout=10mA

—IL

Output Voltage

AWM

Inductor Current IL (mA)

10
Time t (us)

15

RP505K  Vour=3.3V(Vin=5.0V)
MODE="H" forced PWM

lout=10mA

! !
Output Voltage

— —IL

IR AR AP A

100

Inductor Current IL (mA)

-100

10
Time t (us)

15 20
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9) Oscillator Frequency vs. Temperature

2.5

NN NN
N WD

Frequency fosc (MHz)

N

210

© o
o O

~
o

Soft Start Time tstart (us)
e =~ N
[o)] (o]
o o

150

—VIN=3.6V |
—
50 25 0 25 50 75 100
Temperature Ta (°C)
11) Soft-start Time vs. Temperature
T —
—
50 25 0 25 50 75 100

Temperature Ta (°C)

10) Oscillator Frequency vs. Input Voltage

25 ‘
E 04 m—85°C
s —25°C
2 2.3 o ||
g2 -40°C
v
¢C>,‘ 29 =
q) L
>
g 2.1
L
2
2.3 2.8 3.3 38 43 48 5.3

Input Voltage Vin (V)

12) UVLO Detector Threshold / Released Voltage vs. Temperature
UVLO Detector Threshold

N N N N
o [ (N w

UVLO Voltage Vuvioz (V)

=
©

0 25 50 75
Temperature Ta (°C)

100

UVLO Released Voltage

N
w

N
(N}

UVLO Voltage Vuvioz (V)
N N
o [

=
©

-50 25 0 25 50 75 100

Temperature Ta (°C)
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13) CE Input Voltage vs. Temperature

CE"“H” Input Voltage(Vin=5.5V) CE"“L” Input Voltage (Vin=2.3V)

1.0 1.0
S S
w 0.9 o 0.9
> >
o 08 — o 0.8
% \\ % T —
s 07 P— s 07 —

\

> > \s
5 0.6 5 0.6
o Q.
i= £
o 0.5 w0 0.5
@ o

0.4 0.4

-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature Ta (°C) Temperature Ta (°C)

14) Lx Current Limit vs. Temperature

2000

1900

1800 |

1700

1600

LX Current Limit llim (mA)

1500

-50 -25 0 25 50 75 100
Temperature Ta (°C)

15) Nch Tr. ON Resistance vs. Temperature 16) Pch Tr. ON Resistance vs. Temperature
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17) Load Transient Response

Output Current lout (mA)

RP505K081A/B (Vin=3.6V) RP505K081A/B (Vin=3.6V)
MODE="L"PWM/VFM automatic shift MODE="L"PWM/VFM automatic shift
400 — 400
200 Output Current 200
< Output Current g S 300mA->1mA —_
g 1mA-->300mA o = c 0 g
s 5 3 =
S 085 ° >0.90 5
@ € g ie)
2 ] © 4=
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i = =2 5
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210 0 10 20 30 40 50 60 70 80 90 -100 0 100 200 300 400 500 600 700 800 900
Time t (us) Time t (us)
RP505K081A/B (Vin=3.6V) RP505K081A/B (Vin=3.6V)
MODE="H" forced PWM MODE="H" forced PWM
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5 c 200 300mA-->1mA 200
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RP505K081A/B (Vin=3.6V) RP505K081A/B (Vin=3.6V)
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< | 300mA-->800mA E .
=) =
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Output Voltage Vour (V)

Output Voltage Vour (V)

Output Voltage Vour (V)
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PACKAGE INFORMATION
Power Dissipation (DFN(PLP)2020-8)

Power Dissipation (Pp) depends on conditions of mounting on board. This specification is based on the

measurement at the condition below:

Measurement Conditions

Standard Test Land Pattern

Environment

Mounting on Board (Wind velocity=0m/s)

Board Material

Glass cloth epoxy plastic (Double sided)

Board Dimensions

40mm*40mm*1.6mm

Copper Ratio

Top side: Approx. 50%, Back side: Approx. 50%

Through-holes

¢ 0.54mm * 30pcs

Measurement Result:

(Ta=25°C, Tjmax=125°C)

Standard Test Land Pattern

Power Dissipation

880mw

Thermal Resistance

0ja = (125-25 °C)/0.88W = 114 °C/W

1200
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o
o
o
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800
\\
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600 AN
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200
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N, Yy
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Power Dissipation

" IC Mount Area (Unit : mm)
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Package Dimensions (DFN(PLP)2020-8)
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2¢) Tab is GND level (they are connected to the
reverse side of this IC).
The tab is better to be connected to the GND,
but leaving it open is also acceptable.

Mark Specification (DFN(PLP)2020-8)

DO @B ®@: Product Code ... Please refer to the RP505K Series Mark Specification Table.

®®: Lot Number ... Alphanumeric Serial Number

Nisshinbo Micro Devices Inc.
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RP505K Series Mark Specification

PKG: DFN(PLP)2020-8

RP505Kxx1A RP505Kxx1B

Product Name OOB® Product Name OOBR®
RP505K061A CuO06 RP505K061B CVvo06
RP505K071A cuo7 RP505K071B Cvo7
RP505K081A cuos RP505K081B Cvo8
RP505K091A cuo09 RP505K091B Cvo9
RP505K101A cu1ilo RP505K101B CVv10
RP505K111A Culil RP505K111B Cv1il
RP505K121A cuilz2 RP505K121B CVv12
RP505K131A Ccu1l3 RP505K131B Cv1s3
RP505K141A Cul4 RP505K141B Cvi4d
RP505K151A CuU1l5 RP505K151B CvVv1s
RP505K161A Cule RP505K161B CV1e
RP505K171A cu1iv RP505K171B Cv1i7
RP505K181A culs RP505K181B cv1s
RP505K191A CuU1l9 RP505K191B Cv19
RP505K201A Ccu20 RP505K201B Cv20
RP505K211A Ccu21 RP505K211B Cv21
RP505K221A cuz22 RP505K221B Cv22
RP505K231A cu23 RP505K231B Cv23
RP505K241A Cu24 RP505K241B Cv24
RP505K251A Ccu2s RP505K251B CVv25
RP505K261A Ccu26 RP505K261B CV26
RP505K271A cuz27 RP505K271B Ccva7
RP505K281A cuz2s8 RP505K281B cv2s
RP505K291A Ccu29 RP505K291B Cv29
RP505K301A Cu30 RP505K301B CVv30
RP505K311A cu3l RP505K311B Cv3l
RP505K321A cu32 RP505K321B CVv32
RP505K331A Cu33 RP505K331B Cv33
RP505K121A5 cuo1l RP505K121B5 Cvol

RP505K001C

Product Name ORR®

RP505K001C Ccwoo
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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 our 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 our company.

. 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
our company'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 our sales or our distributor before attempting to use
AOL

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

NSSHINBO

Official website
https://www.nisshinbo-microdevices.co.jp/en/
Purchase information
https://www.nisshinbo-microdevices.co.jp/en/buy/
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