RICOH

PWM/ VFM, Dual-channel Step-up/ Inverting DC/DC Converter
with Synchronous Rectifier for LCD

NO.EA-325-160421

OUTLINE

The R1287x is a CMOS-based PWM/ VFM dual-channel step-up/ inverting DC/DC converter with synchronous
rectifier for LCD. The step-up DC/DC converter (CH1) generates a 4.5 V to 5.8 V boosted output voltage and
the inverting DC/DC converter (CH2) generates a -4.5 V to —6.0 V inverting output voltage.

Internally, the R1287x consists of an oscillator circuit, PWM control circuits, a reference voltage unit, error
amplifiers, soft-start circuits, a Lx peak current limit circuit, short protection circuits, thermal shutdown circuit,
an under voltage lockout circuit (UVLO), a NMOS transistor driver and a synchronous PMOS transistor driver
for CH1, and a PMOS transistor driver and a synchronous NMOS transistor driver for CH2.

The R1287x is employing synchronous rectification for improving the efficiency of rectification by replacing
diodes with built-in switching transistors. Using synchronous rectification not only increases circuit performance
but also allows a design to reduce parts count.

The R1287x provides the normal PWM control or the PWM/VFM auto switching control. The PWM normal
control switches at fixed frequency rate in low output current in order to reduce noise. Likewise, the PWM/VFM
auto switching control automatically switches from PWM mode to VFM mode in low output current in order to
achieve high efficiency. RICOH’s unique control method can suppress a ripple voltage in the VFM mode, thus
the R1287x can achieve both low ripple voltage at light load and high efficiency.

Both CH1 and CH2 can independently control the ON/ OFF control and freely set the starting sequence and
shutdown sequence.

Both CH1 and CH2 own an auto-discharge function which actively discharges the output voltage to ground
when the device is placed in shutdown mode.

The R1287x is offered in a 12-pin WLCSP-12-P1 package and a 12-pin DFN3030-12 package.
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FEATURES
Y Operating Voltage Range .............................................. 25 V to 55 V

[Step-up DC/DC Converter (CH1)]

e Selectable Step-up Output Voltage (Voutp) «-rrrrrrerrmeresees R1287xxxxy: 4.5V t0 5.8 V (0.1 V Step)
e  Step-up Output Voltage (Externally adjustable) «-+-+-+x-veeeve R1287x001y: 4.5V t0 5.8 V
e  Maximum Output Current (Dependent on inductance) -+ R1287xxxxB/D/F/H: 200 mA,

R1287xxxxC/G: 100 mA

[Inverting DC/DC Converter (CH2)]

e Selectable Inverting Output Voltage (Voutn) =rrorrrrererreserees R1287xxxxy: =4.5V to -5.8 V (0.1 V Step)
e Inverting Output Voltage (externally adjustable) «-«-+-+-+-x-e-- R1287x001y: -4.5V to -6.0 V
e  Maximum Output Current (dependent on inductance)--------+- R1287xxxxB/D/F/H: 200 mA,

R1287xxxxC/G: 100 mA

[Controller]
e ON/ OFF Control: Operates CH1/ CH2 separately by the EN1/ EN2 pin.
e Auto-discharge Function: Discharges the output voltage to GND within a short time in shutdown mode.

e Latch-type Short Circuit Protection: Short-circuiting of either one of CH1 or CH2 activates this circuit.

e  Maximum Duty Cycle

e Lx Peak Current Limit Function

e Undervoltage Lockout (UVLO) Threshold -----------exeeeeeesese Typ.2.25V

° Therma| Shutdown Temperature .................................... Typ 150°C

° OSCi”ator Frequency ................................................... R1287XXXXB/D/F/H1 MHZ,
R1287xxxxC/G: 300 kHz

° package ................................................................... WLCSP-12-P1, DFN3030-12

APPLICATIONS

e Power source for hand-held equipment
e Power source for LCD

RICOH
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BLOCK DIAGRAMS
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R1287xxxxy Block Diagram (Fixed Output Voltage Type)

Current Current
Sense Sense
|me Maxduty | Limit Y1 paND
E:' | switching switching _|
— | control Control
Liv [}—2 | l J Lae
VM WM
control Short control
Ii Protect
Discharge Q Discharge
Voo |
- Cortral R 5 Control Voure
Voumns | | Osc | Voutes
'+ -
|
¥ Current sense Current sense™ | Soft Start1
Sequence
Control
EN1 IEE g |
Thermal
ENZ [} ‘% == UvLO Shutdown.
Vee
GIND
3

RICOH



R1287x

NO.EA-325-160421

R1287x001y Block Diagram (Adjustable Output Voltage Type)
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SELECTION GUIDE

The output voltage types are user-selectable options that can be selected from either fixed output voltage type
or adjustable output voltage type. With the fixed output voltage type, the combination of a CH1 output voltage
and a CH2 output voltage can be selected. The combination of an oscillator frequency, a power controlling
method, and a discharge current can also be selected.

Selection Guide

Product Name Package Quantity per Reel Pb Free Halogen Free
R1287Zxxxy-E2-F WLCSP-12-P1 4,000 pcs Yes Yes
R1287Lxxxy-TR DFN3030-12 3,000 pcs Yes Yes

xxx: Specify the set output voltage (Vser).
001: Adjustable Output Voltage Type, The output voltage is adjustable using external resistors.
002 to 0092 Fixed Output Voltage Type
CH1 Output Voltage (Voute): selectable from +4.5 V to +5.8 V by 0.1 V step™’
CH2 Output Voltage (Voutn): selectable from 4.5V to =5.8 V by 0.1 V step™
Notes: Refer to Output Voltage for All Combinations of Voute and Voutn.

y: Specify the oscillator frequency, the power controlling method, and the discharge current.
(B) 1 MHz, PWM/ VFM Auto Switching Control, discharge current 0.06 mA
(C) 300 kHz, Normal PWM Control, discharge current 0.06 mA
(D) 1 MHz, Normal PWM Control, discharge current 0.06 mA
(F) 1 MHz, PWM/ VFM Auto Switching Control, discharge current 0.4 mA™
(G) 300 kHz, Normal PWM Control, discharge current 0.4 mA™
(H) 1 MHz, Normal PWM Control, discharge current 0.4 mA™

"10.05 V step is also available as a custom code.
2009 is only available for WLCSP-12-P1 package.
"3 F/G/H versions are only available for WLCSP-12-P1 package.

Output Voltage for All Combinations of Voure and Vourn

Vser Code No. (xxx) CH1 Output Voltage (Voutr) CH2 Output Voltage (Voutn)
001 Adjustable using external resistors Adjustable using external resistors
002 5.0 -5.0
003 5.4 -5.4
004 5.75 -5.75
005 5.6 -5.6
006 45 -4.5
007 5.8 -5.8
008 5.5 -5.5
009 5.1 -5.1
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PIN DESCRIPTIONS
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WLCSP-12-P1 Pin Configurations

WLCSP-12-P1 Pin Description

Pin No. Symbol Description

A1 VouTtN CH2 Output Voltage Pin

A2 PGND Power Ground Pin

A3 Lxp CH1 Switching Output Pin

B1 Lxn CH2 Switching Output Pin

B2 GND Analog Ground Pin

B3 Voutp CH1 Output Voltage Pin

C1 PVce Power Input Voltage Pin

C2 Vce Analog Power Input Voltage Pin

c3 Voures | RIZO72000 | 1 Feedback Voltage Pin
Vrep R12872001y

D1 Vounss | RTZBTZXXY | 1 Feedback Voltage Pin
VBN R1287Z001y

D2 EN2 CH2 Enable Control Pin

D3 EN1 CH1 Enable Control Pin
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Top View Bottom View
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DFN3030-12 Pin Configuration
DFN3030-12 Pin Description
Pin No. Symbol Description
1 EN2 CH2 Enable Control Pin
Voutns R1287Lxxxy
2 CH2 Feedback Voltage Pin
Vren R1287L001y
3 Vce Analog Power Input Voltage Pin
4 PVce Power Input Voltage Pin
5 Lxn CH2 Switching Output Pin
6 VoutN CH2 Output Voltage Pin
7 PGND Power Ground Pin
8 Lxp CH1 Switching Output Pin
9 Vourp CH1 Output Voltage Pin
Voutps R1287Lxxxy
10 CH1 Feedback Voltage Pin
Vrep R1287L001y
11 GND Analog Ground Pin
12 EN1 CH1 Enable Control Pin

* 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.
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ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings (GND =PGND =0V)

Symbol Item Rating Unit
Vee Vce / PVee Pin Voltage -0.3t06.0 \
VEN EN1/ EN2 Pin Voltage -0.3t06.0 \Y
Vixp Lxp Pin Voltage -0.3t06.5 \%

Voutp Voutp Pin Voltage -0.3t06.5 V
VXN Lxn Pin Voltage Vce = 14 to Vee + 0.3 V
VouTn Voutn Pin Voltage Veec - 1410 0.3 \%
Vourtes Vourtps Pin Voltage R1287xxxxy -0.3~6.5 \Y
VouTns Voutns Pin Voltage R1287xxxxy Vec — 14 ~Vee + 0.3 V
Vrep Vrep Pin Voltage R1287x001y -0.3to Vcc + 0.3 \Y,
Vren Vren Pin Voltage R1287x001y -0.3to Vcc + 0.3 \Y,
Power Dissipatiqn Standard Test Land 1000
(WLCSP-12-P1)™ Pattern
Po Power Dissipation gf’;’?;?\rd festhend 1000 mwW
(DFN3030-12)™ JEDEC STD. 51-7 1950
Test Land Pattern
Ta Operating Temperature Range -40 to 85 °C
Tstg Storage Temperature Range -551t0 125 °C

| "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 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.
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ELECTRICAL CHARACTERISTICS

The specifications surrounded b are guaranteed by design engineering at —40°C < Ta < 85°C.

R1287x Electrical Characteristics (Ta = 25°C)
Symbol Item Conditions Min. | Typ. | Max. | Unit
Vce Operating Input Voltage R1287xxxxy 2.5 5.5 \%

Vcc Consumption Current _
lcc (at no switching) Vee = 5.5V, R1287xxxxy 470 MA
Vec =Vixpr=5.5V,

Istandby | Standby Current Ven = Vi = 0V, R1287xxxxy 0.1 5 MA
VuvLot UVLO Detector Threshold | Falling, R1287xxxxy 2.15 2.25 Vv
Vuvoz | UVLO Released Voltage | Rising, R1287xxxxy \i%v:‘g 2.48
VEN1H EN1 “H” Input Voltage Vee = 3.7 V, R1287xxxxy 1.2
VEN1L EN1 “L” Input Voltage Vee = 3.7 V, R1287xxxxy 0.4 \Y

REeN1 EN1 Pull-down Resistance | Vcc= 3.7 V, R1287xxxxy 1000 kQ
VENzH EN2 “H” Input Voltage Vee = 3.7 V, R1287xxxxy 1.2 \%
VenaL EN2 “L” Input Voltage Vee = 3.7 V, R1287xxxxy 0.4 \%
Renz EN2 Pull-down Resistance | Vcc= 3.7 V, R1287xxxxy 1000 kQ
tprot Protection Delay Time Vee = 3.7 V, R1287xxxxy 21 30 39 ms
Thermal Shutdown _ R
Trtsp Temperature Vee = 3.7 V, R1287xxxxy 150 C
Thermal Shutdown _ o
Ttsr Released Temperature Vee = 3.7 V, R1287xxxxy 125 C
STEP-UP DC/DC CONVERTER (CH1)
3.2V<=sVceecs42V,
10 mA < lout £ 100 mA, +0.3 %

AVoutp . R1287xxxxB/F

IAlout Voutp Load Regulation 32V<Voosd2V,
10 mA < lour = 100 mA, +0.2 %
R1287xxxxC/D/G/H
_ R1287xxxxB/F 700 900 1100 | kHz
foscp | ot PV Oscillator Vec=3.7V |R1287xxxCIG | 240 | 300 | 360 | KHz
requency
R1287xxxxD/H 800 1000 | 1200 | kHz
i R1287xxxxB/D/F/H 90 %
Maxduty1 | CH1 Maximum Duty Cycle |Vcc =3.7V
R1287xxxxC/G 97 %
= R1287xxxxB/C/D 0.06 mA
Ivoutp Voutp Discharge Current xCC %‘7 v,
outp = 0.1V | R1287xxxxF/G/H 0.4 mA
Vec = 3.7V, R1287xxxxB/F 1.91 5.54 ms
tssp CH1 Soft-start Time EN1 =“H"to | R1287xxxxC/G 4.5 ms
Voute = VseT [ R1287xxxxD/H 45 ms
9
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ELECTRICAL CHARACTERISTICS (continued)

The specifications surrounded b

R1287x Electrical Characteristics

are guaranteed by design engineering at —40°C < Ta < 85°C.

(Ta = 25°C)
Symbol Item Conditions Min. | Typ. | Max. | Unit
Vee=3.7V,
trp CH1 Rising Time Voute = Vser X 10% to 90%, 1.53 ms
R1287xxxxB/F
Rixp Nch Tr. ON Resistance Vee = 3.7 V, R1287xxxxy 400 mQ
Rsyncp Pch Tr. ON Resistance Vee = 3.7 V, R1287xxxxy 700 mQ
lLiMLxp Nch Tr. Current Limit Vee = 3.7 V, R1287xxxxy 1.1 A
Vo | JouTe -ow Votage Voo = 3.7 V, R1287xxxxy 27 v

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

except Voutp Load Regulation, CH1 Rising Time, Nch Tr. ON Resistance and Pch Tr. ON Resistance.

10
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ELECTRICAL CHARACTERISTICS (continued)
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The specifications surrounded b _are guaranteed by design engineering at —40°C < Ta < 85°C.
R1287x Electrical Characteristics (Ta = 25°C)
Symbol ‘ Item | Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
[R1287xxxxB, R1287xxxxC, R1287xxxxD, R1287xxxxF, R1287xxxxG, R1287xxxxH]
Voutp Voutp Voltage Vec=3.7V x0.991| Vser |[x1.009 \
Voutp Voltage _ _An° o ppm
Voutr/ATa Temperature Coefficient Vec=3.7V, -40°C < Ta<85°C +50 °C
[R1287x001B, R1287x001C, R1287x001D, R1287x001F, R1287x001G, R1287x001H]
Vesp Vesp Voltage Vec=3.7V 0.985 | 1.000 | 1.015 Y
IrsP Vesp Input Current Vec=55V,Vrepr=0Vor55V -0.1 0.1 MA
Vesp Voltage Temperature _ e o ppm
AVesp/ATa Coefficient Veec=3.7V, -40°C < Ta<85°C +50 °C
INVERTING DC/DC CONVERTER (CH2)
3.2V<=Vecs4.2V,
10 mA < lour = 100 mA, +0.4 %
AVoUTN ) R1287xxxxB/F
IAlouT Voutn Load Regulation 3.2V <Voc<d2V,
10 mA < lout < 100 mA, +0.2 %
R1287xxxxC/D/G/H
_ R1287xxxxB/F 900 1100 | 1300 kHz
foscn | ori2 PWM Oscillator Vec=37V | R1287x0xCIG 240 | 300 | 360 | kHz
requency
R1287xxxxD/H 800 1000 | 1200 kHz
) R1287xxxxB/D/F/H 90 %
Maxduty2 | CH2 Maximum Duty Cycle | Vcc = 3.7 V
R1287xxxxC/G 97 %
= R1287xxxxB/C/D 0.2 mA
IvouTtn Voutn Discharge Current Vee 3'7 v,
Vourn =-0.1 | R1287xxxxF/G/H 0.4 mA
Vee =3.7V, R1287xxxxB/F 0.73 4.1 ms
tssn CH2 Soft-start Time EN2 =“H” to | R1287xxxxC/G 2.6 ms
Vourn = VSeT, ['R1287xxxxD/H 2.6 ms
Vee=3.7V,
trn CH2 Rising Time Voutn = Vser x 10% to 90%, 0.58] 3.29 ms
R1287xxxxB/F
Ruxn Pch Tr. ON Resistance Vee = 3.7 V, R1287xxxxy 400 mQ
Rsvnen Nch Tr. ON Resistance Vee = 3.7 V, R1287xxxxy 600 mQ
ILIMLXN Pch Tr. Current Limit Vee = 3.7 V, R1287xxxxy 1.5 A
[R1287xxxxB, R1287xxxxC, R1287xxxxD, R1287xxxxF, R1287xxxxG, R1287xxxxH]
Voutn Voutn Voltage Vec=3.7V x0.990| Vser | x1.01 \
AVouTN Voutn Voltage _ Ane o ppm
/ATa Temperature Coefficient Vee =3.7V, ~40°C < Ta < 85°C %50 /°C

RICOH
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ELECTRICAL CHARACTERISTICS (continued)

The specifications surrounded b are guaranteed by design engineering at —40°C < Ta < 85°C.
R1287x Electrical Characteristics (Ta = 25°C)
Symbol | Item | Conditions | Min. | Typ. | Max. | Unit
[R1287x001B, R1287x001C, R1287x001D, R1287x001F, R1287x001G, R1287x001H]
VEBNO Vesn Voltage Vec =3.7V -30 0 30 mV
IFBN Vesn Input Current Vec=3.7V, Vesn=Vesno X 1.2 | 6.541 | 6.667 | 6.794 MA
Alren lren Current Temperature _ _Ano o ppm
IATa Coefficient Vec =3.7V, -40°C < Ta<85°C +150 °C

All test items listed under ELECTRICAL CHARACTERISTICS are done under the pulse load condition (Tj = Ta = 25°C)
except Voutp Voltage Temperature Coefficient, Vrsp Voltage Temperature Coefficient, Voutn Load Regulation, CH2 Rising

Time, Pch Tr. ON Resistance, Nch Tr. ON Resistance, Vourn Voltage Temperature Coefficient and Irsn Current
Temperature Coefficient.

12
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ELECTRICAL CHARACTERISTICS (continued)

CH1 Electrical Characteristics by Different Output Voltage

NO.EA-325-160421

AVoute/Alout foscp Maxduty1 Vour

Product Name [%] [kHZz] [%] V]

Typ. Min. Typ. Max. Typ. Min. Typ. Max.
R1287x001B/F 0.3 700 900 1100 90
R1287x001C/G +0.2 240 300 360 97 - - -
R1287x001D/H 800 1000 1200 90
R1287x002B/F 0.3 700 900 1100 90
R1287x002C/G +0.2 240 300 360 97 4.955 5.0 5.045
R1287x002D/H 800 1000 1200 90
R1287x003B/F 0.3 700 900 1100 90
R1287x003C/G +0.2 240 300 360 97 5.351 5.4 5.449
R1287x003D/H 800 1000 1200 90
R1287x004B/F 0.3 700 900 1100 90
R1287x004C/G +0.2 240 300 360 97 5.698 5.75 5.802
R1287x004D/H 800 1000 1200 90
R1287x005B/F 0.3 700 900 1100 90
R1287x005C/G +0.2 240 300 360 97 5.550 5.6 5.650
R1287x005D/H 800 1000 1200 90
R1287x006B/F 0.3 700 900 1100 90
R1287x006C/G 40.2 240 300 360 97 4.460 4.5 4.541
R1287x006D/H 800 1000 1200 90
R1287x007B/F +0.3 700 900 1100 90
R1287x007C/G 40.2 240 300 360 97 5.748 5.8 5.852
R1287x007D/H 800 1000 1200 90
R1287x008B/F +0.3 700 900 1100 90
R1287x008C/G 0.2 240 300 360 97 5.451 55 5.550
R1287x008D/H 800 1000 1200 90
R1287x009B/F +0.3 700 900 1100 90
R1287x009C/G 0.2 240 300 360 97 5.054 5.1 5.146
R1287x009D/H 800 1000 1200 90

13
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ELECTRICAL CHARACTERISTICS (continued)

CH2 Electrical Characteristics by Different Output Voltage

AVourn/Alout foscn Maxduty2 Vour
Product Name [%] [kHZz] [%] V]
Typ. Min. Typ. Max. Typ. Min. Typ. Max.
R1287x001B/F +0.4 900 1100 1200 90
R1287x001C/G +0.2 240 300 360 97 - - -
R1287x001D/H 800 1000 1200 90
R1287x002B/F +0.4 900 1100 1200 90
R1287x002C/G +0.2 240 300 360 97 -4.950 -5.0 -5.050
R1287x002D/H 800 1000 1200 90
R1287x003B/F +0.4 900 1100 1200 90
R1287x003C/G +0.2 240 300 360 97 -5.346 -5.4 -5.454
R1287x003D/H 800 1000 1200 90
R1287x004B/F +0.4 900 1100 1200 90
R1287x004C/G +0.2 240 300 360 97 -5.693 | -5.75 | -5.808
R1287x004D/H 800 1000 1200 90
R1287x005B/F +0.4 900 1100 1200 90
R1287x005C/G +0.2 240 300 360 97 -5.544 -5.6 -5.656
R1287x005D/H 800 1000 1200 90
R1287x006B/F +0.4 900 1100 1200 90
R1287x006C/G 40.2 240 300 360 97 -4.455 -4.5 -4.545
R1287x006D/H 800 1000 1200 90
R1287x007B/F +0.4 900 1100 1200 90
R1287x007C/G 40.2 240 300 360 97 -5.742 -5.8 -5.858
R1287x007D/H 800 1000 1200 90
R1287x008B/F 0.4 900 1100 1200 90
R1287x008C/G 0.2 240 300 360 97 -5.445 -5.5 -5.555
R1287x008D/H 800 1000 1200 90
R1287x009B/F +0.4 900 1100 1200 90
R1287x009C/G 0.2 240 300 360 97 -5.049 -5.1 -5.151
R1287x009D/H 800 1000 1200 90
14
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TYPICAL APPLICATION
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R1287xxxxy Typical Application (Fixed Output Voltage Type)
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R1287x001y Typical Application (Adjustable Output Voltage Type)

Recommended Components

Symbol Descriptions
L1 L2 VLF302510M-4R7M, TDK
’ DFE252010C, TOKO, 1269AS-H-4R7M=P2
C1(Ci) 10 pF, 2012 size, X5R T = 0.85 max
C2 (Coutr) 10 pF, 2012 size, X5R T = 0.85 max
C3 (Coutn) 10 pF, 2012 size, X5R T = 0.85 max
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TECHNICAL NOTES

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

pe

ripheral 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.

Place a 10 yF or more ceramic capacitor (C1) between the Vcc pin and the GND pin, or the PVcc pin and
the PGND pin in a shortest distance.

Make GND and PGND to the same potential.

Make Vcc and PVcc to the same potential.

Place a 10 yF or more ceramic capacitor (C2) between the Voute and the GND pin. Likewise, place a 10
MF or more ceramic capacitor (C3) between the Vourn pin and the GND pin.

For stable operation of the device, the R1287x provides a phase compensation circuit according to the
values of inductors (L1, L2) and capacitors (C2, C3).

Use L1 or L2 which is having a low equivalent series resistance, having enough tolerable current and which
is less likely to cause magnetic saturation. A large load current causes a significant drop of the inductance
value. Therefore, select the inductor value in consideration of the amount of load current under using
condition. A significant drop of the inductance value can cause an increase in the Lx peak current along
with an increase in the load current. When the Lx peak current reaches the current limit, the Lx peak current
limit circuit starts operating.

CH1 Output Voltage Setting (R1287x001y: Adjustable Output Voltage Type)

The output voltage of CH1 (Voutp) controls the output voltage of CH1 feedback pin voltage (Vrsp) to 1.0 V.
Voutp, depending on the resistors (R1 and R2), can be calculated as follows:

Voutp = Vrer X (R1 + R2) / R1

Voutp can be set within the range of 4.5 V to 5.8 V. R1 between 20 kQ to 60 kQ is recommended.

CH2 Output Voltage Setting (R1287x001y: Adjustable Output Voltage Type)

The output voltage of CH2 (Voutn) controls the output voltage of CH2 feedback pin voltage (Vrsn) to 0 V.
Voutn, depending on the resistor (R3) and the Vesn pin input current (Iesn), can be calculated as follows:
Voutn = —Iren X R3

Voutn can be set within the range of -4.5 V to =6.0 V. The reommended value for R3 is as follows:

Voutn Setting R3
-5.0V 750 kQ
-54V 810 kQ (310 kQ + 500 kQ)
-56V 840 kQ (680 kQ + 160 kQ)

16
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® Phase Compensation of CH1 (R1287x001y: Adjustable Output Voltage Type)
The phase compensation of CH1 can be delayed 180 degree because of the external components (L, C)
and the load current. The phase delay causes the loss in phase margins and stability. Therefore, the phase
advance should be ensured.
A zero-point can be formed with R1 and C4 as follows:
C4 [pF] = 300/ R1 [kQ]
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TIMING CHART
Enable the EN1 pin first and then the EN2 pin

If the EN1 pin is switched from low to high, CH1 performs soft-start operation. If the EN2 pin is switched from
low to high while the EN1 pin is high, CH2 will not perform soft-start operaton until CH1 detects that the output
voltage of CH1 (Voutp) has reached the preset voltage.

EN1 input

EN2 input

A
v

CH1 output (Voutr)

tssp

CH2 output (Voutn)

Enable the EN2 pin first and then the EN1 pin

If the EN2 pin is switched from low to high, CH2 performs soft-start operation. If the EN1 pin is switched from
low to high while the EN2 pin is high, CH1 will not perform soft-start operaton until CH2 detects that the output
voltage of CH2 (Voutn) has reached the preset voltage.

EN1 input

EN2 input

A
v

CH1 output (Voutr)

CH2 output (Voutn)
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Enable the EN1 Pin and the EN2 Pin while Short-circuiting

If the EN1 pin and the EN2 pin are switched from low to high while they are short-circuited, CH1 performs soft-
start operation. CH2 will not perform soft-start operaton until CH1 detects that the output voltage of CH1 (Voutp)
has reached the preset voltage.

EN input |

CH1 output (Voutp)

A
v

CH2 output (Voutn)

tssn

\ 4
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Auto Discharge Function

CH1 can be turned off by setting the EN1 pin low, and CH2 can be turned off by setting the EN2 pin low. Both
CH1 and CH2 can be controlled indivudally.

If CH1/ CH2 is turned off by setting the EN1/ EN2 pin low, the auto-discharge function is enabled. The switch
between the Voutr/ Voutn pin and the GND pin is turned on while the auto-discharge function is enabled. While
both EN1 and EN2 pins are set low, the device is in the standby mode.

If CH1/ CH2 is turned off by other reasons, such as the Vcc pin voltage is dropped below the UVLO detector
threshold or the timer-latch circuit is triggered due to short-circuit, the auto-discharge function is disabled.

Example of R1287xxxxB/C/D Falling Waveform

EN1 (= EN2) I

Voutp

Discharge

A
v

Example of R1287xxxxF/G/H Falling Waveform

EN1 i i
N2 o
Vourr E E
Y. N M
Vourn E/E

b

)
" 7

Discharge ! Discharge

R —
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Thermal Shutdown Protection

Thermal shutdown circuit detects the overheating of the device and stops the device operation to protect the
device from damages. If the internal temperature of the device exceeds the thermal shutdown temperature,
the thermal shutdown circuit turns off the drivers and synchronous transistors. If the internal temperature of
the device falls below the thermal shutdown release temperature, the thermal shutdown circuit resets the
device and restarts the device operation. Please note that the re-starting sequence of the device is performed
by the following order: CH2 first and then CH2.

Low Output Voltage Detection Circuit for CH1

If CH1 detects a significant voltage drop, after the completion of soft-start operation, CH1 resets the device
and restarts the device operation. Please note that the re-starting sequence of the device is performed by the
following order; CH first and then CH2.

Lx Peak Current Limit Timer/ Latch-type Short Circuit Protection Timer

The Lx peak current limit circuit supervises the peak current of the inductor, which is passing through NMOS
transistor of CH1 and PMOS ftransistor of CH2, in every switching cycle. If the peak current exceeds the Lx
peak current limit (lumxe/ luimuxn), the Lx peak current limit circuit turns off the NMOS transistor of CH1 or PMOS
transistor of CH2.

The latch-type short circuit protection circuit latches the built-in drivers of CH and CH2 off to stop the operation
of the device if the overcurrent state continues more than the protection delay time (tprot).

Please note that lLmuxe/ lumuxn and tprot can be easily affected by self-heating and ambient environment. Also,
the significant voltage drop or the unstable voltage caused by short-circuiting may affect on the protection
operation and the delay time.

To release the latch-type short circuit protection, switch the EN1/ EN2 pin from high to low to reset the device
or make the input voltage (Vin) lower than the UVLO detector threshold (Vuvio1).

During the softstart operation of CH1 and CH2, both Lx peak current limit circuit timer and latch-type short
circuit protection circuit timer operate until CH1 and CH2 reach their preset voltages. Therefore, the normal
operation of circuit timers will not be affected by the abnormal completion of soft-start operation due to short-
circuit or etc.

Protection Resistors between Vourn and Vourns in Fixed Output Voltage Type (R1287Lxxxy)

If the Voutns pin and the Voutn pin are connected to each other on PCB while the Voutns pin and the Vcc pin
or the EN2 pin are short-circuited due to some failure, the voltage higher than the rated voltage will be applied
to the Voutn pin. To prevent this, it is recommended that an approximately 100 Q protection resistor be
connected between the Voutn pin and the Vourns pin.
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OUTPUT CURRENT AND EXTERNAL COMPONENTS
Operation of CH1 and Output Current

IL2
Inductor  Pch Tr | —> lour
O0—
VN 7777 |-|-1\| Vv Vour
1
CL
\:, Nch Tr
[ 1V—EI
Basic Circuit
Discontinuous Inductor Current Mode Continuous Inductor Current Mode
L IL ILxmax
A N 1
ILxma :
. :
1 . 1
1 ILxmin |
1 1
ILxmin ! Tf / !
1 1
/ = - P
1 % 1 ! N
| T 7 I Tt N Tt
I/ sle ! \I I/ \:/ \I
D) ton 0 toff 7 L ton T toff 7
< rd |\ ,l
: T=1/fosc : | T=1/fosc 1
1/ton 1/ton

Inductor Current Waveshapes (IL) through Indictor (L)

The normal PWM control type of CH1 has two operation modes characterized by the continuity of inductor
current: discontinuous inductor current mode and continuous inductor current mode.

When a NMOS Tr. is in On-state, the voltage to be applied to the inductor (L) is described as Vin. An increase
in the inductor current (IL1) can be written as follows:

|L1 = VIN X ton / L ...................................................................................................... Formula 1

In the CH1 circuit, the energy accumulated during the On-state is transferred into the capacitor even in the Off-
state. A decrease in the inductor current (IL2) can be written as follows:

IL2 = (VOUT - VIN) Y 1 IR R T T LET TP PP T TP PP PP PPPPPPS Formula 2
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In the normal PWM control, IL1 and IL2 become continuous when tf = toff, which is called continuous inductor
current mode.

When the device is in continuous inductor current mode and operates in steady-state conditions, the
variations of IL1 and IL2 are same:

VlN X ton / L = (VOUT - VlN) X toff/ L ............................................................................... Formu|a 3
Therefore, the duty cycle in continuous inductor current mode is:

Duty = ton / (ton + toff) = (VOUT - VlN) / VOUT .................................................................... Formu|a 4
If the input voltage (Vin) is equal to Vour, the output current (lout) is:

louT = VINZ X £ON /(2 X L X VOUT) ##++#rseesremsseamsesme sttt Formula 5
If lout is larger than Formula 5, the device switches to continuous inductor current mode.

The Lx peak current flowing through L (ILxmax) is:

ILXMax = lout X VoUT/ VIN + VIN X TON /(2 X L) -+rerreeremsmmesmsameames s, Formula 6
ILxmax = lout X Vout/ VIN + VIN X T X (Vout = VIN) / (2 X L X VouT)-w-rrerrreresrrerseeeeeeeeee Formula 7

As a result, ILxmax becomes larger compared to lour.
In discontinuous inductor current mode, ILxmax is:

ILxmax = v (2 X 1oUT X (VOUT = VIN) X T/ L) #rrerreessmssmeseesnssiisss sttt Formula 8

The Lx peak current limit circuit operates in both modes if the ILxmax becomes more than the Lx peak current
limit. When considering the input and output conditions or selecting the external components, please pay
attention to ILxmax.

Notes: The above calculations are based on the ideal operation of the device. They do not include the losses
caused by the external components or Lx switch. The actual maximum output current will be 70% to 90% of
the above calculation results. Especially, if IL is large or Vin is low, it may cause the switching losses.
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Operation of CH2 and Output Current

Pch Tr
3 o/c
Vn “°°TTTTTC
1
Basic Circuit
Discontinuous Inductor Current Mode Continuous Inductor Current Mode
IL IL ILxmax
N I\ 1
ILxma :
7 |
: ILxmin :
1 |
ILxmin ! Tf / !
1 1
/ X —
: P I L
1 '<_>/ . | % | ! o
I/ <l 1 \l I, \:/ \I
o fon 0 toff 7, I ton ~~ toff 3
< 2 ~ ]
: T:‘]/fosc : 1 T=1/fOSC 1

Inductor Current Waveshapes (IL) through Indictor (L)

The normal PWM control type of CH2 has two operation modes characterized by the continuity of inductor
current: discontinuous inductor current mode and continuous inductor current mode.

When a PMOS Tr. is in ON-state, the voltage to be applied to the inductor (L) is described as Vin. An increase
in the inductor current (IL1) can be written as follows:

|L1 = VIN X ton / L ...................................................................................................... Formu|a 9
In the CH2 circuit, the energy accumulated during the On-state is transferred into the capacitor even in the Off-
state. A decrease in the inductor current (IL2) can be written as follows:

|L2 = |VOUT| X tf/ L .................................................................................................... Formula 10
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In the normal PWM control type, when tf = toff, the inductor current will be continuous and the operation of
CH2 will be continuous inductor current mode. When the device is in continuous inductor current mode and

operates in steady-state conditions, the variation of IL1 and IL2 are same:

V|N X ton / L = |VOUT| X toff/ L ...................................................................................

Therefore, the duty cycle in continuous inductor current mode is:

Duty =ton/ (ton + toff) = |VOUT|/ (lVOUTl + VIN) .............................................................

If the input voltage (Vin) equal to Vour, the output current (lour) is:

|OUT = V|N2X ton / (2 X L x |VOUT|) ...............................................................................

If lout is larger than Formula 13, the device switches to continuous inductor current mode.

The Lx peak current flowing through L (ILxmax) is:

ILxmax = IOUTX (lVOUTl + VIN) / VIN + VIN X ton/ (2 X L) ...................................................

ILxmax = lout X ([Vout| + VIN) / ViN + ViN X [Vout| X T/ {2 X L X ([Vout| + VIN) }rorrrrrrrereees

As a result, ILxmax becomes larger compared to lour.
In discontinuous inductor current mode, ILxmax is:

ILxmax = \/ (2 X lout X |VOUT| xT/ L) ..........................................................................

Formula 11

Formula 12

Formula 13

Formula 14

Formula 15

Formula 16

The Lx peak current limit circuit operates in both modes if the ILxmax becomes more than the Lx peak current
limit. When considering the input and output conditions or selecting the external components, please pay

attention to ILxmax.

Notes: The above calculations are based on the ideal operation of the device. They do not include the losses
caused by the external components or Lx switch. The actual maximum output current will be 70% to 90% of
the above calculation results. Especially, if IL is large or Vin is low, it may cause the switching losses.

RICOH
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VFM Mode Operation (R1287xxxxB/F)

The PWM/VFM auto switching control automatically switches from PWM mode to VFM mode in low output
current in order to achieve high efficiency. With the VFM mode operation, ton is preset inside the IC.

In continuous inductor current mode, if the inductor current is set to 4.7 pH, ton is set in a way that ILmax
becomes 600 mA or less. In discontinuous inductor current mode, if the inductor current is set to 4.7 pH, ton
is set in a way that ILpp becomes 400 mA or less.

ILmax

ton ! toff

VFM Mode Operation (Discontinuous Inductor Current Mode)

ton toff

VFM Mode Operation (Continuous Inductor Current Mode)
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Power Dissipation Pp (mW)

R1287x
NO.EA-325-160421

PACKAGE INFORMATION
POWER DISSIPATION (WLCSP-12-P1)

Power Dissipation (Pp) of the package is dependent on PCB material, layout, and environmental conditions.
The following conditions are used in this measurement.

Measurement Conditions

Standard Test Land Pattern

Environment Mounting on Board (Wind Velocity = 0 m/s)
Board Material Glass Cloth Epoxy Plastic (Double-sided)
Board Dimensions 40 mm x40 mm x 1.6 mm

Topside: Approx. 80%, Backside: Approx. 90%

Copper Ratio ¢: 0.6 mm x 31 pcs
Measurement Result (Ta = 25°C, Tjmax = 125°C)
Standard Test Land Pattern
Power Dissipation 1000 mW
Thermal Resistance 6ja = (125 -25°C)/1.0 W =100°C /W
1600 < 40 S
1400
1200 0000000000
1000 Standard Test Land Pattern |
800 N\
N\ X
600 N\
400
N OO 000000000
200
0 ~ o "
0 25 50 7585100 125 150 :,...+ 1 Mount Area (Unit: mm)
Ambient Temperature (°C)
Power Dissipation vs. Ambient Temperature Measurement Board Pattern
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PACKAGE DIMENSIONS (WLCSP-12-P1)

El (0.385)
4 |
TN Y ™
_ '\_:I k.)‘k} (../I 3
- — ) C3f ™,
I E’; '\__3' 7 3 _zl___2
~M YN ‘r N
pk OO0 0O |1
2 |
F ol cI'E A
-
., ™| w
| 2 = 20.264+0.03 | =
| g 2 2U.20x0.02 [ [0.05M [s]A8]
= Hl H
L V| . -
— =ls Bottom View
| (Unit: mm)

WLCSP-12-P1 Package Dimensions

MARK SPECIFICATION (WLCSP-12-P1)

®: Product Code ... Refer to MARK SPECIFICATION TABLE (WLCSP-12-P1)
@®: Lot Number ... Alphanumeric Serial Number

D||@||®
®

WLCSP-12-P1 Mark Specification
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R1287Z Mark Specification Table

MARK SPECIFICATION TABLE (WLCSP-12-P1)

NO.EA-325-160421

Product Name

Product Name

R12872001B
R1287Z001C
R12872001D
R12872002B
R12872002C
R12872002D
R1287Z003B
R1287Z003C
R12872003D
R128720048B
R12872004C
R12872004D
R128720058B
R1287Z005C
R12872005D
R128720068B
R1287Z006C
R12872006D
R128720078B
R1287Z007C
R12872007D
R12872008B
R12872008C
R12872008D
R1287Z2009B
R1287Z009C
R12872009D

Py VB B s B s B s B s B s B s B v B v B s B v B v B v B v B v B v B v B v B v B v B v B v B v R B R S

R1287Z001F
R1287Z001G
R1287Z001H
R1287Z002F
R12872002G
R12872002H
R1287Z003F
R1287Z003G
R1287Z003H
R1287Z004F
R12872004G
R12872004H
R1287Z005F
R1287Z005G
R1287Z005H
R1287Z006F
R1287Z006G
R1287Z006H
R1287Z007F
R1287Z007G
R1287Z007H
R1287Z008F
R1287Z008G
R1287Z008H
R1287Z009F
R1287Z009G
R1287Z009H

Py s B B s B s B s B s B s B s B v B v BV B v B+ B v B v B v B v B v B v B v B v B v B v B v R B R S

RICOH
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Power Dissipation Pp (mW)

R1287x
NO.EA-325-160421

POWER DISSIPATION (DFN3030-12)

Power Dissipation (Pp) of the package is dependent on PCB material, layout, and environmental conditions.
The following conditions are used in this measurement.

Measurement Conditions

Standard Test Land Pattern JEDEC STD. 51-7 Test Land Pattern
Environment | Mounting on Board (Wind Velocity = 0 m/s) | Mounting on Board (Wind Velocity = 0 m/s)
Board Material Glass Cloth Epoxy Plastic (Double-sided) Glass Cloth Epoxy Plastic (Four-layers)
. Boarq 40 mm x40 mm x 1.6 mm 76.2 mm x 114.3 mm x 1.6 mm
Dimensions
Top & Back sides: 60 mm x 60 mm,
. Top side: Approx. 50%, Approx. 10%,
Copper Ratio Back side: Approx. 50% 2nd & 3rd layers: 74.2 mm x 74.2 mm,
Approx. 100%
¢: 0.85 mm x 64 pcs
Notes: The land pattern of Tab (Heat
Through-holes ¢: 0.54 mm x 32 pcs spreader), the inner layers and the backside
pattern are connected by 0.3 mm through-
hole.
Measurement Result (Ta = 25°C, Tjmax = 125°C)
Standard Test Land Pattern JEDEC STD. 51-7 Test Land Pattern
Power 1000 mW 1950 mW
Dissipation
Thermal 0ja = (125 — 25°C) / 1.0 W = 100°C/W 0ja = (125 - 25°C) / 1.95 W = 51.2°C/W
Resistance Bjc = 18°C/W fjc = 5.9°C/W
) 76.2 R
A A { 60 )
p—
2500 | | | 5 40 N o| ¥
[~ i
2000|1950 JEDEC STD. 51-7 $ ococo0oco0occoceco v

Test Land Pattern

AN
1500 & W}?

1000|1000 AN K’A‘ﬁ

114.3
60
OOOOOOOJIOOOOOOOO
[
i
OOOOOOOO:OOOOOOOO

40

N
500_ / h v O 00 O0O0OOOGOO
Standard Test SN —_
0 ' Lanld Patttlern "-\;\ Standard Test Land Pattern il lﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂ.ﬂj

0 25 50 7585100 125 150 -:“..:: IC Mount Area (Unit: mm) JEDEC STD. 51-7 Test Land Pattern

Ambient Temperature (°C) IC Mount Area (Unit: mm)

Power Dissipation vs. Ambient Temperature Measurement Board Pattern Measurement Board Pattern
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PACKAGE DIMENSIONS (DFN3030-12)

3.00 B
” Ll
g ! 7 ! 12
A

&

»
»

X4

Yo}
et P, o
[A] 0.1 . =
2.5+0.1 T
~ ; > g
i o
!
N . SN A T 1 .
! H
! {

. 3.00
1.7£0.1

............ 1......----"“
= N ainislisisls
6T T 7
x | |
g i[0.50];
5 ! 3 g i= | | 025+0.05 [$]0.05 @]AB]
g : \ 4 > <
S i Bottom View
I O S R S S (Unit: mm)

A F |
[[008

‘ * 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.

DFN3030-12 Package Dimensions

MARK SPECIFICATION (DFN3030-12)

®@B3®@: Product Code ... Refer to MARK SPECIFICATION TABLE (DFN3030-12)
®®: Lot Number ... Alphanumeric Serial Number

DFN3030-12 Mark Specification
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MARK SPECIFICATION TABLE (DFN3030-12)

R1287L Mark Specification Table

Product Name OOB®
R1287L001B EKO0O
R1287L001C EKO1
R1287L001D EKO02
R1287L002B EKO3
R1287L002C EK04
R1287L002D EKO05
R1287L003B EKO06
R1287L003C EKO7
R1287L003D EKO08
R1287L004B EKO09
R1287L004C EK10
R1287L004D EK11
R1287L005B EK12
R1287L005C EK13
R1287L005D EK14
R1287L006B EK15
R1287L006C EK16
R1287L006D EK17
R1287L007B EK18
R1287L007C EK19
R1287L007D EK20
R1287L008B EK21
R1287L008C EK22
R1287L008D EK23

32

RICOH



R1287x

NO.EA-325-160421

TYPICAL CHARACTERISTICS

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

1) Output Voltage vs. Output Current

Voure [V]

Voure [V]

VOUTP [V]

5.05
5.04
5.03
5.02
5.01
5.00
4.99
4.98
4.97
4.96
4.95

5.05
5.04
5.03
5.02
5.01
5.00
4.99
4.98
4.97
4.96
4.95

5.65
5.64
5.63
5.62
5.61
5.60
5.59
5.58
5.57
5.56
5.55

R1287x001B/F (Voute = 5.0 V) R1287x001C/G (Voute = 5.0 V)
(Ta = 25°C) (Ta = 25°C)
5.05
5.04
5.03
5.02
% 5.01
S S 5.00  peorvtmase S ———
>
4.99
Vec=3.2V 4.98 Vec=3.2V
Vec=3.7V 4.97 Vec=3.7V
Vec=4.2V 4.96 Vec=4.2V
4.95
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100
loute [MA] loute [MA]
R1287x001D/H (Voute = 5.0 V) R1287x001B/F (Voute = 5.6 V)
(Ta = 25°C) (Ta = 25°C)
5.65
5.64
5.63
5.62
E& 5.61
a — >'é 560 hoveslls —
5.59
Vec=3.2V 558 Vec=3.2V
Vec=3.7V 557 Vec=3.7V
Vec=4.2V 556 Vec=4.2V
5.55
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
loute [MA] loute [MA]
R1287x001C/G (Vourr = 5.6 V) R1287x001B/F (Voutn = =5.0 V)
(Ta = 25°C) (Ta = 25°C)
-4.95
-4.96
-4.97
-4.98
= -4.99
- S 0 e ————
>
-5.01
Vec=32V 502 Vec=3.2V
Vec=3.7V 503 Vec=3.7V
Vec=4.2V 5.04 Vec=4.2V
-5.05
0 20 40 60 80 100 0 20 40 60 80 100 120 140 160 180 200
loute [MA] lourn [MA]
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R1287x001C/G (Voutn = =5.0 V) R1287x001D/H (Voutn = =5.0 V)
(Ta =25°C) (Ta =25°C)
-4.95 -4.95
-4.96 -4.96
-4.97 -4.97
-4.98 -4.98
Z 499 = 499
g =z
3 5
L -5.00 e e e — ) L -5.00
-5.01 Vec=32V -5.01
-5.02 Vec=37V -5.02 Vec =32V
-5.03 Vec=4.2V -5.03 Vee=3.7V
-5.04 -5.04 Vec=4.2V
-5.05 -5.05
0 20 40 60 80 100 0 20 40 60 80 100 120 140 160 180 200
loun [MA] loutn [MA]
R1287x001B/F (Vourn = =5.6 V) R1287x001C/G (Vourn = =5.6 V)
(Ta = 25°C) (Ta = 25°C)
-5.55 -5.55
-5.56 -5.56
-5.57 -5.57
-5.58 -5.58
= 559 = 559
5 5
S 560 > 560 #@%q\
-5.61 -5.61
5.62 Vec=3.2V 5.62 Veec=3.2V
563 Vee=3.7V 563 Vec=3.7V
-5.64 Vee=4.2V 564 Vec=4.2V
-5.65 -5.65
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100
lourn [MA] lourn [MA]
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2) Efficiency vs. Output Current

Efficiency [%]

R1287x001B/F (Vouter = 5.0 V, Vourn = =5.0 V)
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R1287x001D/H (Voutp = 5.0 V, Vourn = -5.0 V)
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R1287x001C/G (Vouter = 5.0 V, Vourn = =5.0 V)
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R1287x001B/F (Voute = 5.6 V, Vourn = =5.6 V)
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95

90

85

80

75

70

65

10

20

(Ta = 25°C)

Vec=3.2V
Vec=3.7V
Vec=4.2V

30 40 50 60 70 80 90 100
lout = loute = lourny [MA]

35

RICOH



R1287x

NO.EA-325-160421

3) Frequency vs. Output Current (VFM mode)

R1287x001B/F (Voute = 5.0 V) R1287x001B/F (Voutep = 5.6 V)
(Ta =25°C) (Ta =25°C)
1000 1000
900 900
¥ 800 ¥ 800
= =
> 700 > 700
C =
& 600 & 600
o o
[T [T
3 500 3 500
o o
@ 400 Ve = 3.2V & 400 Vee = 3.2V
300 Vee = 3.7V 300 Vee = 3.7V
200 Vee = 4.2V 200 Vee = 4.2V
100 100
0 0
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
loute [MA] loute [MA]
R1287x001B/F (Vourn = 5.0 V) R1287x001B/F (Vourx = =5.6 V)
(Ta = 25°C) (Ta = 25°C)
1200 1200
~ 1000 ~ 1000
I I
= =,
g 800 g
8 g oo
(0] [0]
o o
5 o
[T
L 600 * 600
£ £
h b=
(S 2
Z 400 Vece = 3.2V g 400 Vee = 3.2V
Vce = 3.7V Vcec = 3.7V
200 200
Vce = 4.2V Vce = 4.2V
0 0
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
lourn [MA] lourn [MA]
36

RICOH



R1287x

4) Turn-on Waveform by EN1 & EN2
Vee = PVee = 3.7V, loute = loutn = 0 mA
R1287x001B/F (Vouter = 5.0V, Voutn =
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| 5) Turn-on Waveform by EN1 -> EN2
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6) Turn-on Waveform by EN2 -> EN1
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7) Turn-off Waveform by EN1 & EN2
Veec = PVee = 3.7V, loute = loutn = 0 mA
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8) Load Transient Response Waveform
Vec =PVec=3.7V
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9) Standby Current vs. Temperature
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11) Voutr Voltage vs. Temperature
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13) Veep Voltage vs. Temperature
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10) UVLO Voltage vs. Temperature
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12) Voutn Voltage vs. Temperature
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14) Veen Voltage vs. Temperature
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15) Iren Current vs. Temperature
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16) PWM Oscillator Frequency vs. Temperature
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17) CH1 Maximum Duty Cycle vs. Temperature
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18) CH2 Maximum Duty Cycle vs. Temperature
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19) EN1 H/L Input Voltage vs. Temperature
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21) Boost Nch Current Limit vs. Temperature

20) EN2 H/L Input Voltage vs. Temperature
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22) Inverting Pch Current Limit vs. Temperature
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25) Delay Time for Protection vs. Temperature
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A 1.The products and the product specifications described in this document are subject to change or
discontinuation of production without notice for reasons such as improvement. Therefore, before deciding
to use the products, please refer to Ricoh sales representatives for the latest information thereon.

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

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

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

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

6. We are making our continuous effort to improve the quality and reliability of our products, but
semiconductor products are likely to fail with certain probability. In order to prevent any injury to
persons or damages to property resulting from such failure, customers should be careful enough to
incorporate safety measures in their design, such as redundancy feature, 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 OHS Ricoh is committed to reducing the environmental loading materials in electrical devices
@ Compliant 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
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




