RICOH

PWM Step-up DC/DC Controller for Automotive Applications
NO.EC-088-131115

OUTLINE

The R1211x Series are CMOS-based PWM step-up DC/DC converter controllers with low supply current.

Each of the R1211x Series consists of an oscillator, a PWM control circuit, a reference voltage unit, an error
amplifier, a reference current unit, a protection circuit, and an under voltage lockout (UVLO) circuit. A low ripple,
high efficiency step-up DC/DC converter can be composed of this IC with some external components, or an
inductor, a diode, a power MOSFET, divider resisters, and capacitors. Phase compensation has been made
internally in this device, and it has stand-by mode. Max duty cycle is internally fixed typically at 90%.

Soft start function is built-in, and Soft-starting time is set typically at 9ms (B, 700kHz version) or 10.5ms (D,
300kHz version). As for the protection circuit, after the soft-starting time, if the maximum duty cycle is continued
for a certain period, the R1211x Series latch the external driver with its off state, or Latch-type protection circuit
works.

The delay time for latch the state can be set with an external capacitor. To release the protection circuit, restart
with power-on (Voltage supplier is equal or less than UVLO detector threshold level), or once after making the
circuit be stand-by with chip enable pin and enable the circuit again.

FEATURES
¢ Input Voltage Range (Maximum Rating)........... 2.5V t0 6.0V (6.5V)
¢ Built-in Latch-type Protection Circuit................. Protection Delay Time can be set with an external capacitor
¢ Oscillator Frequency (PWM control)................. 300kHz, 700kHz
e Maximum Duty Cycle .........ococeiiiiiiiiieeee Typ. 90%
e Standby Current ... Typ. OpA
e Feedback Voltage ...........cccovviieiiiiiiiiii e 1.0V
e Feedback Voltage Accuracy.........cccccevvveveennnnn. +1.5%
e UVLO Threshold level...........cccccooviiiiiiiiinennns Typ. 2.2V (Hysteresis Typ. 0.13V)
e Feedback Voltage Temperature Coefficient......Typ. +150ppm/°C
® Package .......cooveiiiiiie e SOT-23-6W

APPLICATIONS

e Power source for accessories such as car audios, car navigation systems, and ETC systems




R1211x

NO.EC-088-131115

BLOCK DIAGRAMS

VFB H]7

CE

Version B/D

SELECTION GUIDE

In the R1211x Series, the oscillator frequency, the optional function, and the package type for the ICs can be

selected at the user's request.

Product Name

Package Quantity per Reel

Pb Free

Halogen Free

R1211N002$-TR-#E

SOT-23-6W 3,000 pcs

Yes

Yes

$ : Designation of Oscillator Frequency and Optional Function
(B) 700kHz, with CE pin (Internal Phase Compensation Type, with Stand-by)
(D) 300kHz, with CE pin (Internal Phase Compensation Type, with Stand-by)

# : Specify Automotive Class Code

Operating Guaranteed Specs Screenin
Temperature Range Temperature Range 9
A -40°C to 85°C 25°C High Temperature

RICOH
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PIN CONFIGURATIONS

SOT-23-6W
5

6
[]
I (mark side)
Bl ERE
1 2 3

NO.EC-088-131115

Pin No Symbol Pin Description
1 DELAY I(?‘l)nr ggtﬁﬁgegjtlp%?%ﬁ:yﬂme of Protection)
2 CE Chip Enable Pin ("H" Active)
3 Vrs Feedback Pin for monitoring Output Voltage
4 Vin Power Supply Pin
3 GND Ground Pin
6 EXT External FET Drive Pin (CMOS Output)

RICOH
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ABSOLUTE MAXIMUM RATINGS

(GND=0V)

Symbol Item Rating Unit
Vin Vin Pin Voltage 6.5 \%
Vexr EXT Pin Output Voltage -0.3 ~Vn+0.3 Y
Vouy DELAY Pin Voltage -0.3 ~Vin+0.3 \Y
Ve CE Pin Input Voltage -0.3 ~Vin+0.3 V
Vrs Vre Pin Voltage -0.3 ~Vin+0.3 Y
lext EXT Pin Inductor Drive Output Current +50 mA

Po Power Dissipation (SOT-23-6W) " | Standard Land Pattern 430 mw

Tj Junction Temperature -40~125 °C
Tstg Storage Temperature Range -55~125 °C

" 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 ratings is not assured.

RECOMMENDED OPERATING RATINGS

Symbol Item Rating Unit
Vin Input Voltage 2.51t06.0 \Y
Ta Operating Temperature Range -40 to 85 °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



R1211x

ELECTRICAL CHARACTERISTICS

® R1211x002B

NO.EC-088-131115

(Ta=25°C)

Symbol Item Conditions Min. Typ. Max. Unit
Ves Feedback Voltage Vin=3.3V 0.985 | 1.000 | 1.015 V

Ire VFB Input Current Vin=6V, Vrs=0V or 6V -0.1 0.1 pA
fosc Oscillator Frequency Vin=3.3V, Voy=Vrs=0V 595 700 805 kHz
Oscillator Frequency o o o

Afosc/ATa Temperature Coefficient -40°C < Ta<85°C +1.4 kHz/°C

Vin=6V, VoLy=Vrs=0V,

Iop1 Supply Current 1 EXT at no load 600 900 uA

maxdty Maximum Duty Cycle Vin=3.3V, EXT "H" side 82 90 94 %

RextH EXT "H" ON Resistance Vin=3.3V, lext=—20mA 10 Q
RexTt EXT "L" ON Resistance Vin=3.3V, l[exr=20mA 6 Q

IoLys Delay Pin Charge Current Vin=3.3V, Voy=Vrs=0V 25 5.0 7.5 uA

loLy2 Delay Pin Discharge Current Vin=Vr=2.5V, VoLy=0.1V 25 5.5 9.0 mA

. Vin=3.3V, Vrs=0V,

VoLy Delay Pin Detector Threshold VoLy—OV-—s2V 0.95 1.00 1.05 \Y,
TsTART Soft-start Time Vin=3.3V 4.5 9.0 13.5 ms
Voo | UVLO Detector Threshold Vin=2.5V-2V, 21 | 22 | 23 | v

VoLy=Vre=0V
. Vin=2V—2.5V,
Vhvs UVLO Detector Hysteresis VoLy—Veee OV 0.08 0.13 0.18 V
UVLO Minimum Operating
VuvioL Voltage 1.15 \

Ists Standby Current Vin=6V, Vce=0V 0 1 uA

lcen CE "H" Input Current Vin=6V, Vce=6V -0.5 0.5 pA

lceL CE "L" Input Current Vin=6V, Vce=0V -0.5 0.5 pA

VceH CE "H" Input Voltage Vin=6V, Vce=0V—6V 1.5 \Y
VeeL CE "L" Input Voltage Vin=2.5V, Vce=2V—->0V 0.3 Y
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NO.EC-088-131115

® R1211x002D

(Ta=25°C)

Symbol Item Conditions Min. Typ. Max. Unit
Ves Ves Voltage Tolerance Vin=3.3V 0.985 | 1.000 | 1.015 Vv

lrs Ves Input Current Vin=6V, Vrs=0V or 6V -0.1 0.1 pA
fosc Oscillator Frequency Vin=3.3V, VoLy=Vre=0V 240 300 360 kHz
Oscillator Frequency o o o

Afosc/A Ta Temperature Coefficient -40°C < Ta<85°C +0.6 kHz/°C

Vin=6V, VoLy=Vrs=0V,

Iop1 Supply Current 1 EXT at no load 300 500 pA

maxdty Maximum Duty Cycle Vin=3.3V, EXT "H" side 82 90 94 %

RextH EXT "H" ON Resistance Vin=3.3V, IEXT=-20mA 10 Q
RextL EXT "L" ON Resistance Vin=3.3V, IEXT=20mA 6 Q

IoLys Delay Pin Charge Current Vin=3.3V, VoLy=Vrs=0V 2.0 4.5 7.0 pA

IoLy2 Delay Pin Discharge Current Vin=Vre=2.5V, VoLy=0.1V 2.5 5.5 9.0 mA

. Vin=3.3V, Vre=0V,

Vouy Delay Pin Detector Threshold Vo0V s2V 0.95 1.00 1.05 Vv
TsTART Soft-start Time Vin=3.3V 5.0 10.5 16.0 ms
Voo | UVLO Detector Threshold Vin=2.5V-2V, 21 | 22 | 23 | v

VoLy=Vre=0V
Vhvs UVLO Detector Hysteresis Vin=2V—2.5V, 0.08 | 0.13 | 0.18 \Y;
VoLy=Vrs=0V
UVLO Minimum Operating
VuvioL Voltage 1.15 \Y

IsTs Standby Current Vin=6V, Vce=0V 0 1 A

Icen CE "H" Input Current Vin=6V, Vce=6V -0.5 0.5 uA

lce CE "L" Input Current Vin=6V, Vce=0V -0.5 0.5 pA

Vcen CE "H" Input Voltage ViN=6V, Vce=0V—>6V 1.5 \Y

VeeL CE "L" Input Voltage ViN=2.5V, Vee=2V—-0V 0.3 Y

RICOH




R1211x
NO.EC-088-131115

TYPICAL APPLICATIONS

<R1211x002B/R1211x002D>

Inductor Diode Vout
00
’T VIN EXT
— c1 __C3

[ DELAY Vrs

GND CE —L
CE Control

NMOS : IRF7601 (International Rectifier)

Inductor: LDR655312T-100 10uH (TDK) for R1211x002B
: LDR655312T-220 22uH (TDK) for R1211x002D

Diode :CRSO02 (Toshiba)

Cc2

C1:4.7uF (Ceramic) R1 : Setting Output Voltage Resistor 1
C2: 0.22uF (Ceramic) R2 : Setting Output Voltage Resistor 2
C3: 10uF (Ceramic) R3 : 30kQ

C4 : 680pF (Ceramic)

[Note]

These example circuits may be applied to the output voltage requirement is 15V or less. If the output voltage
requirement is 15V or more, ratings of NMOS and diode as shown above is over the limit, therefore, choose
other external components.

RICOH
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NO.EC-088-131115
TECHNICAL NOTES

e Use a 1uF or more capacitance value of bypass capacitor between VIN pin and GND, C1 as shown in the
typical applications above.

¢ In terms of the capacitor for setting delay time of the latch protection, C2 as shown in typical applications of
the previous page, connect between Delay pin and GND pin of the IC with the minimum wiring distance.

e Connect a 1uF or more value of capacitor between Vour and GND, C3 as shown in typical applications of the
previous page. (Recommended value is from 10uF to 22uF.) If the operation of the composed DC/DC
converter may be unstable, use a tantalum type capacitor instead of ceramic type.

e Connect a capacitor between Vour and the dividing point, C4 as shown in typical applications of the previous
page. The capacitance value of C4 depends on divider resistors for output voltage setting. Typical value is
between 100pF and 1000pF.

e Output Voltage can be set with divider resistors for voltage setting, R1 and R2 as shown in typical
applications of the previous page. Refer to the next formula.
Output Voltage = Vrs x (R1+R2)/R2
R1+R2=100kQ is recommended range of resistances.

¢ The operation of Latch protection circuit is as follows: When the IC detects maximum duty cycle, charge to
an external capacitor, C2 of DELAY pin starts. And maximum duty cycle continues and the voltage of Detar
pin reaches delay voltage detector threshold, Vovy, outputs "L" to EXT pin and turns off the external power
MOSFET.
To release the latch protection operation, make the IC be standby mode with CE pin and make it active in
terms of B/D version. Otherwise, restart with power on.
The delay time of latch protection can be calculated with C2, Vowy, and Delay Pin Charge Current, Iowv1, as in
the next formula.

t=C2xVbLy/loLv1

Once after the maximum duty is detected and released before delay time, charge to the capacitor is halt and
delay pin outputs "L".

e EXT pin outputs GND level at standby mode.

« In UVLO function, EXT pin outputs GND level when the input voltage becomes lower than or equal to UVLO
detector threshold. However, UVLO does not operate if the input voltage is lower than or equal to the
minimum operating voltage, and EXT pin might output indeterminately. Therefore, it requires considerable
attention when CE input is active and the input voltage rises/falls gradually. In that case, be sure to use the
FET with gate cut-off voltage that prevents FET turn on even if EXT pin outputs indeterminately. The
recommended FETs are as follows.

CPH6443 (Sanyo)
TPC6008-H (Toshiba)

¢ Select the Power MOSFET, the diode, and the inductor within ratings (Voltage, Current, Power) of this IC.
Choose the power MOSFET with low threshold voltage depending on Input Voltage to be able to turn on the
FET completely. Choose the diode with low VF such as Shottky type with low reverse current Ir, and with fast
switching speed. When an external transistor is switching, spike voltage may be generated caused by an
inductor, therefore recommended voltage tolerance of capacitor connected to Vour is three times of setting
voltage or more.

* The performance of power circuit with using this IC depends on external components. Choose the most
suitable components for your application.

RICOH



R1211x
NO.EC-088-131115

Output Current and Selection of External Components

<Basic Circuit>

<Circuit through L>

Discontinuous Mode Continuous Mode
IL IL ILxmax
i
ILxmax
|
|
ILxmin : Tf
|
/ | '
| . yd |
| 0 : |
J n
! Ton ' Toff ! | Ton " Toff |
: T=1/fosc [ l T=1/fosc I

There are two modes, or discontinuous mode and continuous mode for the PWM step-up switching regulator
depending on the continuous characteristic of inductor current.

During on time of the transistor, when the voltage added on to the inductor is described as Vi, the current is
Vinxt/L. Therefore, the electric power, Pon, which is supplied with input side, can be described as in next formula.

Ton
Pon = IV NG 7 H s | ARSI Formula 1
0

With the step-up circuit, electric power is supplied from power source also during off time. In this case, input
current is described as (Vour — Vin) xt/L, therefore electric power, Porr is described as in next formula.

Porr = I TOVIN (VOUT = VINYX T G oroeeeeeeeeeeoeseeeeseeeeesesseeseeseseeeeeeessessseseeessesseeessssseeseseessessesseeenee Formula 2

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

Pav =1/(Ton + Torr) x {J O"Vin? x t/L dt + J SVINX (VOUT = VIN) X UL G} e Formula 3

In PWM control, when Tf = Toff is true, the inductor current becomes continuous, then the operation of
switching regulator becomes continuous mode.

RICOH
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In the continuous mode, the deviation of the current is equal between on time and off time.

VinxTon/L = (VOUT — VIN) Sl o) 71 SRR RS S RRSRRN Formula 4

Further, the electric power, Pav is equal to output electric power, Vour x lour, thus,

lout = fosc x ViN? x TONZ/{Z xLx(Vour— VIN)} = VINZ X TON(2XL X VOUT) e Formula 5

When lour becomes more than formula 5, the current flows through the inductor, then the mode becomes
continuous. The continuous current through the inductor is described as Iconst, then,

lout = fosc x VIN? x TONZ/{2 xLx(Vour— VIN)}+ VINXICONST/VOUT .ttt Formula 6

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

ILXMAX = ICONSE + VINX TONIL ettt e et e et e e e e e e e et e e e e e e e e eeab e e e e e e e e esbaaaeseeeserssananaeeaeees Formula 7
With the formula 4,6, and ILxmax is,
ILXxmax = VouT/VINXIoUT + VINX TON/(2XL) weeeiiriiei ettt ettt a e a e Formula 8

Therefore, peak current is more than lour. Considering the value of ILxmax, the condition of input and output,
and external components should be selected.

In the formula 7, peak current ILxmax at discontinuous mode can be calculated. Put Iconst=0 in the formula.

The explanation above is based on the ideal calculation, and the loss caused by Lx switch and external
components is not included. The actual maximum output current is between 50% and 80% of the calculation.
Especially, when the ILx is large, or Vin is low, the loss of Vin is generated with the on resistance of the switch. As
for Vour, Vf (as much as 0.3V) of the diode should be considered.

RICOH



R1211x
NO.EC-088-131115

TIMING CHART

® R1211x002B/R1211x002D

PWM Comparator

<Soft-start Operation>
Soft-start operation is starting from power-on as follows:

(Stepl)

The voltage level of SS is rising gradually by constant current circuit of the IC and a capacitor. Vrer level which is
input to OP AMP is also gradually rising. Vour is rising up to input voltage level just after the power-on, therefore,
Vre voltage is rising up to the setting voltage with input voltage and the ration of R1 and R2. AMPOUT is at "L",
and switching does not start.

(Step?2)

When the voltage level of SS becomes the setting voltage with the ration of R1 and R2 or more, switching
operation starts. Vrer level gradually increases together with SS level. Vour is also rising with balancing Vrer and
Vre. Duty cycle depends on the lowest level among AMPOUT, SS, and DTC of the 4 input terminals in the PWM
comparator.

(Step?3)

When SS reaches 1V, soft-start operation finishes. Vrer becomes constant voltage (=1V). Then the switching
operation becomes normal mode.

-
-
—

SS,VREF
VrB P VFB,VREF

B e

T
Step1 Step2 Step3

RICOH 1
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<Latch Protection Operation>

The operation of Latch protection circuit is as follows: When AMPOUT becomes "H" and the IC detects
maximum duty cycle, charge to an external capacitor, C2 of DELAY pin starts. And maximum duty cycle
continues and the voltage of DELAY pin reaches delay voltage detector threshold, Vory, outputs "L" to EXT pin
and turns off the external power MOSFET.

To release the latch protection operation, make the IC be standby mode with CE pin and make it active.
Otherwise, make supply voltage down to UVLO detector threshold or lower, and make it rise up to the normal
input voltage.

During the soft-start time, if the duty cycle may be the maximum, protection circuit does not work and DELAY
pin is fixed at GND level.

The delay time of latch protection can be calculated with C2, Vovv, and Delay Pin Charge Current, Iowy1, as in
the next formula.

t=C2 x Vouv/IpLv1

Once after the maximum duty is detected and released before delay time, charge to the capacitor is halt and
delay pin outputs "L".

Output Short

-~
-~
-~

-~
= AMPOUT

-

AMPOUT l —=Z— VpLy

Normal I Maxduty Operation I Latched

UL U0

RICOH



R1211x
NO.EC-088-131115

PACKAGE INFORMATION

POWER DISSIPATION (SOT-23-6W)

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

Measurement Conditions

Standard 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
MeasurementResult  ............cccooceveeeiiinnn, (Ta=25°C, Tjmax=125°C)
Standard Test Land Pattern
Power Dissipation 430mW
Thermal Resistance Bja = (125-25°C)/0.43W = 233°C/W

600

500

| 430 ... On Board

400
N/

300 \\

N
200 N

Power Dissipation Py (mW)

100

~
~

KN

0 25 50 7585 100 125 150

Measurement Board Pattern

Ambient Temperature (°C)

L IC Mount Area (Unit: mm)
Power Dissipation "

RICOH
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NO.EC-088-131115
PACKAGE DIMENSIONS (SOT-23-6W)

2.9+0.2
1.940.2
~(0.95) , (0.95)

R

0~0.1
-«

.810.
810

MARK SPECIFICATION (SOT-23-6W)

A

o

T

oo

N -~

e

JO.I—-F

SO

o=

N

(S5}
0.2MIN J

Unit : mm

O ®: Product Code ... Refer to MARK SPECIFICATION TABLE (SOT-23-6W)

®@: Lot Number ... Alphanumeric Serial Number

ORRO®

MARK SPECIFICATION TABLE (SOT-23-6W)

Product Name 0]¢)
R1211N002B L1
R1211N002D L3

14 RICOH



R1211x

TEST CIRCUITS
® R1211x002B/R1211x002D

*xQOscillator Frequency,

Maximum Duty Cycle, Vrs Voltage Test

3.3V
VIN EXT
1 CEH
VFB

¢—|GND DELAY

Vv

@
OSCILLOSCOPE

*Consumption Current Test

6V
VIN
CE

VFB

GND DELAY

*EXT "L" ON Resistance

3.3V

VIN EXT

| e

Vre |—

—GND DELAY}|—

\V4
*DELAY Pin Discharge Current
2.5V
VIN
_ CE
VFB

¢—|GND DELAY

%O.1V

*Veg Input Current

T 6V
VIN EXT

CE

NO.EC-088-131115

VFB ____<::>_:J__
0vV/6v
7J77 GND DELAY 1 1

*EXT "H" ON Resistance

Vv

3.3V
VIN EXT
CEH-
VFB

¢—|GND DELAY

Vv

*DELAY Pin Charge Current
3.3V
VIN
CEl—
VFB|—

Vv

¢—|GND DELAY

Vv

®
OSCILLOSCOPE

21500

*DELAY Pin Detector Threshold Voltage Test

3.3V
VIN EXT
CEH-
VFB

¢—|GND DELAY

O,

OSCILLOSCOPE

RICOH
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*Standby Current Test

6V

VIN
CE
VFB
GND DELAY

* CE "L" Input Current/"H" Input Current Test

S Oal
Ves ov/ev
J GND DELAY 17
*Soft-start Time Test
<
Coil Diode
1 o
C5
g &—ViN EXT
CE
C3——
VFB
e—|GND DELAY
\V4
<Components>
Inductor (L) : 22uH (TDK LDR655312T-220)
Diode (SD) : CRSO02 (Toshiba)
Capacitors
NMOS Transistor : IRF7601 (International Rectifier)
Resistors : R1: 90k, R2: 10kQ2, R3: 30kQ

i/
VIN

C1 : 680pF (Ceramic), C2: 22uF (Tantalum)+2.2uF (Ceramic),

*UVLO Detector Threshold/
Hysteresis Range Test

®
OSCILLOSCOPE

*CE "L" Input Voltage/"H" Input Voltage Test

©2.5V/6V

OSCILLOSCOPE

C3 : 68uF (Tantalum)+2.2uF (Ceramic), C5: 22uF (Tantalum)

VIN EXT
1 CEH
VFB
GND DELAY
\Y
VIN EXT
CE
VFB
GND DELAY

——®

OSCILLOSCOPE

16
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R1211x

TYPICAL CHARACTERISTICS

NO.EC-088-131115

Note: Typical Characteristics are intended to be used as reference data; they are not guaranteed.

1) Output Voltage vs. Output Current

R1211x002B
L=10uH
51 VouT=5V
>
[
2
o
i ol P e e e e
& 5.0
o
>
5
s
3 | I | =====- VIN=2.5V
——— VIN=3.3V
4.9 Lot [N
1 10 100 1000
Output Current louT(mA)
R1211x002B
L=10pH
15.3 VouTt=15V
>
=
2
o
i a2 e e
815.0
o
>
5
S 1 LN | ====—- VIN=2.5V
@) ——— VIN=3.3V T
VIN=5.0V
14.7 Lilit L1l
1 10 100 1000
Output Current louT(mA)
R1211x002D
L=22uH
10.2 Vout=10V
>
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>
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5
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1 10 100 1000
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R1211x002B
L=10uH
Vout=10V

10.2

Output Voltage VouT(V)
<
o

------ VIN=2.5V 1
—— — VIN=3.3V
VIN=5.0V
9.8 Ll L1l
1 10 100 1000
Output Current louT(mA)
R1211x002D
L=22uH
5.1 Vout=5V

=
[
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O
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>
5
=
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8 —— — VIN=3.3V T
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NO.EC-088-131115
2) Efficiency vs. Output Current

R1211x002B R1211x002B
L=10pH L=10pH
100 VouTt=5V 100 VouTt=10V
=T~ ML~
80 7 P v 80 1-7 = :
s HIE 9 Liva
= 60 ¥ = 60 pariny’
> 1] |4 > ¢ Y
Qo e XAV 0
9 40 4 '.r\l 9 40 ,' /l/
i e i [ 2L/
20 [ il 20 ¥ o====== VIN=2.5V |
------ VIN=2.5V —_—— — VIN=3.3V
—_——— /IN=3.3V VIN=5.0V
0 IR [ 0 LI L1111l
1 10 100 1000 1 10 100 1000
Output Current louT(mA) Output Current louT(mA)
R1211x002B R1211x002D
L=10uH L=22uH
100 VouTt=15V 100 ﬂ VouT=5V
80 r, “'U(— 80 Lot PITIR T
—_ N .'ﬁ ‘/ " . 'l 'y g
X 4"/ X 71/
= 60 Y i = 60 4
5 2T\ 5 54
c 1/ c 7’
() (0] /
5 |/ 5
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3) Vre Voltage vs. Input Voltage (Ta=25°C)
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4) Oscillator Frequency vs. Input Voltage (Ta=25°C)
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5) Supply Current vs. Input Voltage (Ta=25°C)
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6) Maximum Duty Cycle vs. Input Voltage (Ta=25°C)
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9) Supply Current vs. Temperature

R1211x002B
600 VIN=3.3V
500 .
£l L — £l
p o
3 300 3
> >
2200 8
> >
(5] (]
100
0
50 25 0 25 50 75 100
Temperature Topt(°C)
10) Maximum Duty Cycle vs. Temperature
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11) EXT "H" On Resistance vs. Temperature
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12) EXT "L" On Resistance vs. Temperature
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13) Soft-start Time vs. Temperature
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14) UVLO Detector Threshold vs. Temperature
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15) DELAY Pin Charge Current vs. Temperature
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16) DELAY Pin Detector Threshold vs. Temperature
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18) CE "L" Input Voltage vs. Temperature
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20) Standby Current vs. Temperature

1.0

R1211x002B/D
VIN=6.0V

o
o

©
o)}

0.2

Standby Current(uA)
o
S

0.0

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

NO.EC-088-131115
17) DELAY Pin Discharge Current vs. Temperature
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19) CE "H" Input Voltage vs. Temperature
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21) Load Transient Response
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22) Power-on Response
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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 in this document are designed for automotive applications. However, when using the products for

automotive applications, please make sure to contact Ricoh sales representative in advance due to confirming the
quality level.

. 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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