RICOH

Low Noise 150mA LDO Regulator for High Temperature Applications

NO.EA-336-150821

OUTLINE

The RP130x is a CMOS-based positive voltage regulator IC with high ripple rejection, low dropout voltage, high
output voltage accuracy and extremely low supply current. The RP130x consists of a voltage reference unit, an
error amplifier, a resistor network for voltage setting, a short current limit circuit, and a chip enable circuit.

The RP130x has low supply current characteristics in the CMOS process. In addition, the RP130x can supply
a low dropout voltage, which becomes the smallest difference between the input voltage and output voltage by
having a low on-resistance and also can achieve the battery's long life by a chip enable function.

When compared with the conventional products of high-speed type, the RP130x achieves low consumption
current of 38uA (Typ.) while improving the input transient response, the load transient response, and the ripple
rejection.

The RP130x supports two package types: DFN(PLP)1010-4 and SOT-23-5. By the adoption of the ultra-
compact DFN(PLP)1010-4, the RP130x can achieve a higher density mounting than ever.

FEATURES

® Input Voltage Range (Max. Rating):«--«-«-xoveveveeee 1.7V t0 6.5V (7.0V)

® Operating Temperature Range -« -oxoeeveereienens —40°C to 105°C (%)

®  SUPPIY CUMENL-- - reeeeeeieei e Typ. 38uA

®  Supply Current (Standby Mode): -« --veeveeeennens Typ. 0.1pA

®  Ripple REJECHON +-wwx rrrrvrrerreiiiiis Typ. 80dB (f = 1kHz)

® Qutput Voltage RanNge «« -+« -« rerererenereiins 1.2v, 1.5V, 1.8V, 2.5V, 2.8V, 3.0V, 3.3V, 3.4V, 3.6V, and 5.0V
Contact Ricoh sales representatives for other voltages.

® QOutput Voltage ACCUraCy -« -+ rrrrrrmrrrrreeaeenes +1.0% (Vser > 2.0V, Ta = 25°C)

® Temperature-Drift Coefficient of Output Voltage:--- Typ. £20 ppm/°C

®  Dropout VoItage -+« reereemremmeriein Typ. 0.32V (lout = 150mA, Vser = 2.8V)

® Line Regulation -« -« e veeeeminii Typ. 0.02%/V

@  PACKAQES -+ rrrrrrrrrnerre e DFN(PLP)1010-4, SOT-23-5

® Built-in Fold Back Protection Circuit: -« -euene Typ. 40mA

® Recommended Ceramic Capacitors «------------- 0.47pF or more

®  Output NoiSe VOItage «+«++--rererremerrennneien, Typ. 20 x VseT pVrms

(BW = 10Hz to 100kHz, lout = 30mA)

2 This product is usable for the high-temperature applications since have passed a test at the high temperature.
In addition, this product has a high-reliability since having passed Ricoh's rigorous quality standards. To
distinguish from the consumer products, "-Yx" is added at the end of the product name.

APPLICATIONS

® Industrial equipments such as FAs and smart meters
® Equipments used under high-temperature conditions
® FEquipments accompanied by self-heating
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BLOCK DIAGRAMS
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SELECTION GUIDE

The output voltage, chip-enable polarity, auto-discharge function, and package type for this device can be
selected at the user’s request.

Product Name Package Quagt;z per Pb Free Halogen Free
RP130Kxx1#-TR-Y DFN(PLP)1010-4 10,000pcs Yes Yes
RP130Nxx1*-TR-YE SOT-23-5 3,000pcs Yes Yes

xX : Specify the set output voltage (Vser)
1.2V (12)/15VvV (15)/1.8V (18)/2.5V (25)/2.8V (28)/3.0V (30)/3.3V (33)/3.4V (34)/
3.6 V (36) /5.0 V (50)
Note: Contact Ricoh sales representatives for other voltages.

* : Specify the desired functions for chip-enable polarity and auto-discharge
B: "H" active / No auto-discharge function
D: "H" active / Auto-discharge function

Auto-Discharge function quickly lowers the output voltage to 0 V by releasing the electrical charge in the external

capacitor when the chip enable signal is switched from the active mode to the standby mode.

RICOH
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PIN DESCRIPTION

NO.EA-336-150821

e DFN(PLP)1010-4 ® SOT-23-5
Top View Bottom View 5 4
4 3 [ [
(mark side)
o 0O o
1 2 2 1 1 2 3
DFN(PLP)1010-4
Pin No. Symbol Description
1 Vour Output Pin
2 GND Ground Pin
3 CE Chip Enable Pin ("H" Active)
4 VoD Input Pin

"I The tab on the bottom of the package enhances thermal performance and is electrically connected to GND (substrate
level). It is recommended that the tab be connected to the ground plane on the board, or otherwise be left floating.

SOT-23-5
Pin No. Symbol Description
1 Vb Output Pin
2 GND Ground Pin
3 CE Chip Enable Pin ("H" Active)
4 NC No Connection
5 Vour Output Pin

RICOH
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ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating Unit
ViN Input Voltage -0.3t07.0 \%
Vce Input Voltage (CE Pin) -0.3t07.0 \%
Vour Output Voltage —0.3to Vin+0.3 \%
lout Output Current 200 mA

FIS)I\ZNI\? (rpl?ﬁiml%a{%oz) 1 Standard Land Pattern 400
Po Power Dissipation mw
(SOT-23-5) * Standard Land Pattern 420
Tj Junction Temperature —40 to 125 °C
Tstg Strong Temperature Range -55to 125 °C

I *1 Refer to PACKAGE INFORMATION for detailed 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 rating is not assured.

RECOMMENDED OPERATING RATINGS

Symbol Item Rating Unit
VIN Input Voltage 1.7t06.5 \%
Ta Operating Temperature Range —-40 to 105 °C

RECOMMENDED OPERATING RATINGS

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

RICOH
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ELECTRICAL CHARACTERISTICS

Vin = Vser+1.0V (Vser > 1.5V), Vin = 2.5V (Vser < 1.5V), lout = ImA, Cin= Cout = 0.47uF, unless otherwise noted.
The specifications surrounded by are guaranteed by design engineering at - 40°C < Ta < 105°C.

RP130xxx1B/D (Ta = 25°C)
Symbol Item Conditions Min. | Typ. | Max. | Unit
Vser > 2.0V | x0.99 x1.01 \
Ta =25°C
Vser < 2.0V -20 20 mV
Vour | Output Voltage
Vser > 2.0V [x0.985 x1.015| V
-40°C < Ta £105°C
Vser < 2.0V mvV
lout Output Current 150 mA
/AA\SUT Load Regulation 1mA < lour € 150mA 10 mv
uT
1.2V < Vser < 1.5V 0.67
1.5V < Vser < 1.7V 0.54
1.7V £ Vser < 2.0V 0.46 -0.75
Voir Dropout Voltage lout = 150mMA \%
2.0V < Vser < 2.5V 0.41
2.5V < Vser < 4.0V 0.32
Vser = 5V 0.24
Iss Supply Current lour = 0mA 38 HA
Supply Current _
Istandby (at Standby) Vce=0 0.1 1.0 MA
AVoUT |Line Regulation Vser + 0.5V < Viy < 6.5V 0.02 | 0.101| %MV
IN
Isc Short Current Limit Vout = 0V 40 mA
IpD CE Pull-down Current 0.4 HA
Vcen | CE Input Voltage "H" v
VceL CE Input Voltage "L" 0.36) \%
Nch ON Resistance
Riow for Auto Discharge Vin= 4.0V, Vce= 0V 30 Q
(D Version Only)

I All test items listed under Electrical Characteristics are done under the pulse load condition (Tj = Ta = 25°C)

RICOH °
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Product-specific Electrical Characteristics

(Ta=25°C)
Product Name Vour [V] (Ta=25°C) Vour [V] (Ta=-40~ 105°C) Voir [V]
Min. Typ. Max. Min. Typ. Max. Typ. Max.
RP130x121x | 1.180 | 1.200 | 1.220 | [1.170 | 1.200 0.67 | [1.03
RP130x151x | 1.480 | 1.500 | 1.520 1.500 054 | [0.84
RP130x181x | 1.780 | 1.800 | 1.820 1.800 0.46 | [0.75
RP130x251x | 2475 | 2500 | 2.525 2.500
RP130x281x | 2.772 | 2.800 | 2.828 2.800
RP130x301x | 2.970 | 3.000 | 3.030 3.000 03 | BEL
RP130x331x | 3.267 | 3.300 | 3.333 | [3.251] | 3.300 | [3.350
RP130x341x | 3.366 | 3.400 | 3.434 | [3.349 | 3.400 | [3.45]
RP130x361x | 3.564 | 3.600 | 3.636 | [3.546 | 3.600 | [3.654
RP130x501x | 4.950 | 5.000 | 5.050 | [4.925 | 5.000 | B.075 | 0.24 | [0.31]

RICOH
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TYPICAL APPLICATION

Vbp Vour —O Vour
- =—c RP130x —=c2
CE GND
777
External Components :
Symbol Description
C2 0.47uF (Ceramic)

TECHNICAL NOTES

Phase Compensation

In the ICs, phase compensation is made for securing stable operation even if the load current is varied. For this
purpose, use a capacitor C2 with 0.47uF or more.

If a tantalum capacitor is used, and its ESR (Equivalent Series Resistance) of C2 is large, the loop oscillation
may result. Because of this, select C2 carefully considering its frequency characteristics.

PCB Layout

Make Voo and GND lines sufficient. If their impedance is too high, noise pickup or unstable operation may result.
Connect 0.47 pF or more of the capacitor C1 between the Vop and GND, and as close as possible to the pins.

In addition, connect the capacitor C2 between Vour and GND, and as close as possible to the pins.

RICOH !
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NO.EA-336-150821

TYPICAL APPLICATION FOR IC CHIP BREAKDOWN PREVENTION

Vb Vour O Vour
- =c1 RP130x =Cc2 b1
CE GND
777 777

When a sudden surge of electrical current travels along the Vour pin and GND due to a short-circuit, electrical
resonance of a circuit involving an output capacitor (C2) and a short circuit inductor generates a negative voltage
and may damage the device or the load devices. Connecting a schottky diode (D1) between the Vour pin and
GND has the effect of preventing damage to them.

RICOH
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PACKAGE INFORMATION

Power Dissipation (DFN(PLP)1010-4)

NO.EA-336-150821

Power Dissipation (Pp) depends on conditions of mounting on board. This specification is based on the
measurement at the condition below:

Measurement Conditions

Power Dissipation Pp (mW)

Standard Test Land Pattern

Environment

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

B

oard Material

Glass cloth epoxy plastic (Double sided)

Board Dimensions

40mm x 40mm x 1.6mm

Copper Ratio

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

Through-holes

¢ 0.54mm x 24pcs

Measurement Result

(Ta=25°C, Tjmax=125°C)

Standard Test Land Pattern

Power Dissipation

400mw

Thermal Resistance

0ja = (125-25°C)/0.4W = 250°C/W

0jc = 67 °C/IW
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Package Dimensions (DFN(PLP)1010-4)
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*) The tab on the bottom of the package enhances thermal
performance and is electrically connected to GND
(substrate level). It is recommended that the tab be
connected to the ground plane on the board, or otherwise
be left floating.

DFN(PLP)1010-4 Package Dimensions

Mark Specifications (DFN(PLP)1010-4)

®®@: Product Code ... Refer to “RP130K Mark Specification Table”

Q@ ®: Lot Number ...Alphanumeric Serial Number

DFN(PLP)1010-4 Mark Specifications

10
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RP130K Mark Specification Table (DFN(PLP)1010-4)

RP130Kxx1B RP130Kxx1D

Product Name o)) Vser Product ®e Vser
RP130K121B TA 1.2V RP130K121D VA 1.2V
RP130K151B TD 1.5V RP130K151D VD 1.5V
RP130K181B TG 1.8V RP130K181D VG 1.8V
RP130K251B TQ 2.5V RP130K251D VQ 2.5V
RP130K281B TT 2.8V RP130K281D VT 2.8V
RP130K301B TW 3.0V RP130K301D VW 3.0V
RP130K331B TZ 3.3V RP130K331D VZ 3.3V
RP130K341B UA 3.4V RP130K341D W A 3.4V
RP130K361B ucC 3.6V RP130K361D WwWcC 3.6V
RP130K501B us 5.0V RP130K501D WS 5.0V

RICOH "
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Power Dissipation (SOT-23-5)

Power Dissipation (Pp), which indicates the Pp of SOT-23-6 package as a substitute, 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 x 40mm x 1.6mm
Copper Ratio Top side: Approx. 50%, Back side: Approx. 50%
Through-holes ¢ 0.5mm x 44pcs
Measurement Result (Ta=25°C, Tjmax=125°C)
Standard Land Pattern Free Air
Power Dissipation 420mwW 250mw
Thermal Resistance 0ja = (125-25°C)/0.42W= 238°C/W 400°C/W
600
= 500
é - 420 e On Board
& 400 < >
< \ </ N
E \ - :
8 300 Free Air .
i 250 Nl -
) P .
2 200 ~ X :
g NE TN :
N
£ 100 N
\\\.
L
0 0 25 50 75 100 125 150 Measurement Board Pattern
105
Ambient Temperature (°C) : IC Mount Area (Unit: mm)

Power Dissipation
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Package Dimensions (SOT-23-5)
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SOT-23-5 Package Dimensions

l/\

Mark Specifications (SOT-23-5)

®®@®: Product Code ... Refer to “RP130N Mark Specification Table”

@®: Lot Number ...Alphanumeric Serial Number

OQB®®

SOT-23-5 Mark Specifications

RICOH H
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NO.EA-336-150821

RP130N Mark Specification Table (SOT-23-5)

RP130Nxx1B RP130Nxx1D
Product Name 006 VseT Product Name 0]ele)] VseT
RP130N121B H1A 1.2V RP130N121D H2A 1.2V
RP130N151B H1D 15V RP130N151D H2D 15V
RP130N181B H1G 18V RP130N181D H2G 1.8V
RP130N251B H1Q 25V RP130N251D H2Q 25V
RP130N281B H1T 28V RP130N281D H2T 28V
RP130N301B H1W 3.0V RP130N301D H2W 3.0V
RP130N331B H1Z 3.3V RP130N331D H2Z 3.3V
RP130N341B J1A 3.4V RP130N341D J2A 3.4V
RP130N361B Ji1cC 36V RP130N361D J2C 3.6V
RP130N501B J1S 50V RP130N501D J2S 50V

H RICOH
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TEST CIRCUITS

VDD

VOUT

RP130x

NO.EA-336-150821

- C2

Vour Q lout

C1 = Ceramic 0.47uF
C2 = Ceramic 0.47uF

Pulse

777

Standard Test Circuit

VDD

Iss — C1

RP130x

VOUT

4,

Supply Current Test Circuit

Generator

veo

VDD

VOUT

RP130x

777

C1 = Ceramic 0.47uF
C2 = Ceramic 0.47uF

— C2 Q lout

C2 = Ceramic 0.47uF

Ripple Rejection, Line Transient Response Test Circuit

VDD

oVour

VOUT

c1 RP130x

—cC2
louta £
et

Load Transient Response Test Circuit

C1 = Ceramic 0.47uF

|
oY 2 = Ceramic 0.47pF

RICOH

15



RP130x-Y

NO.EA-336-150821

TYPICAL CHARACTERISTICS
Note: Typical Characteristics are intended to be used as reference data; they are not guaranteed.
1) Output Voltage vs. Output Current (C1 = C2 = 0.47uF, Ta = 25°C)

RP130x121x RP130x281x
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5 i ViN=4.2V 3 05 { ——ViN=6.0V |
© 02 —— Vin=6.0V e 1= ViN=6.5V
ViN=6.5V ‘a ‘|
0 - 0
0 100 200 300 400 500 0 100 200 300 400 500
Output Current lout (mA) Output Current lout (mA)
RP130x501x
6
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e
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2) Output Voltage vs. Input Voltage (C1 = C2 = 0.47uF, Ta = 25°C)

RP130x121x RP130x281x
14 3.0 I I
S 1.2 I... .......................... S 25 /
2 1.0 - 3 20
E, 08 |’ ?.3, . /3
S I 815
; 0.6 | ;o /2
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3 04 | lour=1mA — 5 10 i lour=1mA
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Output Voltage Vour (V)

RP130x501x

L
SN

— [ouT=1mA |
== lout=30mA_|
lout=60mA

2 3 4 5
Input Voltage Vin (V)

6

3) Supply Current vs. Input Voltage (C1 = C2 = 0.47uF, Ta = 25°C)

Supply Current Iss (LA)
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NO.EA-336-150821
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RICOH
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4) Output Voltage vs. Temperature (lour=1mA, C1 = C2 = 0.47uF)

Output Voltage Vout (V)
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5) Supply Current vs. Temperature (lour= OmA, C1 = C2 = 0.47uF)

RP130x121x RP130x281x
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RP130x501x
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6) Dropout Voltage vs. Output Current (C1 = C2 = 0.47uF)
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= 0.47pF)

=C2

7) Dropout Voltage vs. Set Output Voltage (C1
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8) Ripple Rejection vs. Input Bias Voltage (C1 = none, C2
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9) Ripple Rejection vs. Frequency (C1 = none, C2
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RP130x501x

ViN=6.0V
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10) Input Transient Response (lour= 30mA, tr = tf = 5ps, C1 = none, C2
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11) Load Transient Response (tr = tf = 0.5us, C1 = C2 = 0.47pF, lour= 50mA ©100mA, Ta =
25°C)
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12) Load Transient Response (tr = tf = 0.5us, C1 = C2 = 0.47uF, lour= 1ImA < 150mA, Ta = 25°C)
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13) Rise Time with CE Pin (C1 = C2 = 0.47pF, Ta = 25°C)

NO.EA-336-150821

RICOH
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RP130x281x RP130x281x
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14) Fall Time with CE Pin in D-Version (C1 = C2 = 0.47uF, Ta = 25°C)

RICOH
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Output Voltage Vour (V)
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15) Minimum Operating Voltage (C1 = C2 = 0.47pF)

Input Voltage Vin (V)

22
2.0
1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2

0

Hatched area is available

for 1.2V output.

0

25 50 75 100 125
Output Current lout (mA)

150

CE Input Voltage Vce (V)

26

RICOH



RP130x-Y
NO.EA-336-150821

ESR vs. Output Current

The RP130x is recommended to use a ceramic type capacitor, but the RP130x can be used other capacitors of
the lower ESR type. The relation between the output current (loutr) and the ESR of output capacitor is shown

below.

Measurement conditions
Frequency Band: 10 Hz to 3 MHz
Measurement Temperature: —40°C to 85°C
Hatched area: Noise level is 40 pV (average) or below
Ceramic Capacitor: C1 = Ceramic 0.47 pF, C2 = 0.47 pF
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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, 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.

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.

&)

R HS Ricoh is committed to reducing the environmental loading materials in electrical devices
O with a view to contributing to the protection of human health and the environment.

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

Hawwn npeumyuiectsa:

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

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

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

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

OKcnpecc goctaska B Nnobyto Touky Poccuu;

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

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

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

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

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

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

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

Kak c Hamu cBfizaTbCcA

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

OnekTpoHHas nouTta: org@eplastl.ru

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