RICOH

STEP-UP DC/DC CONVERTER FOR WHITE LED BACK LIGHT

NO.EA-271-111123

OUTLINE

The R1203x Series are PWM control type step-up DC/DC converter ICs with low supply current.

The R1203x is fully dedicated to drive White LEDs with constant current. Each of these ICs consists of an
NMOS FET, an oscillator, a PWM comparator, a voltage reference unit, an error amplifier, a current limit circuit,
an under voltage lockout circuit (UVLO), and an over-voltage protection circuit (OVP).

The R1203x can drive white LEDs in constant current with high efficiency by using an inductor, a diode , a
resistor and capacitors as external components.

The LEDs current can be set by an external resistance value and can adjust the dimming of LEDs by CE pin
according to the signal of PWM. Feedback voltage is 0.2V, therefore power loss by current setting resistance is
small and efficiency is good. Maximum duty cycle is internally fixed, Typ. 91%. LEDs can be driven from low
voltage. Protection circuits are the current limit of Lx peak current, the over voltage limit of output, and the under
voltage lockout function.

It is controllable the dimming of LEDs quickly when the PWM signal (between 200Hz to 300kHz) input to CE
pin. If the CE pin input is "L" in the fixed time (Typ. 0.5ms), the IC becomes the standby mode and turns OFF
LEDs.

FEATURES

o SUPPLY CUITENT ...ttt Typ. 500pA

o Standby Current........ccocoveei i Max. 5uA

o Input Voltage Range .........ccocvveeiiiieeeiiieie e 1.8V to 5.5V

o Feedback Voltage .........cccoviviiiiiiieie e 0.2v

o Feedback Voltage ACCUracy.........cccceevvuveeeiiiiieneeninn. +1.0% (£10mV)

e Temperature-Drift Coefficient of Feedback Voltage ... +150ppm/°C

o Oscillator FrequenCy ........cccocvvveiiiiiee e Typ. 1.2MHz

o Maximum Duty CyCle.........ccccuvvieiieeeeiiiceece e Typ. 91%

o Switch ON REeSIStaNCe .........ccceeviiiieeiiiiee e Typ. 1.35Q

e UVLO Detector Threshold..........cccccccoevvviiiiieeeeeiiiinns Typ. 1.6V

e Lx Current Limit Protection ...........cccccevvivveeinninenennnnn Typ. 700mA

e OVP Detector Threshold..........ccccceeeeviiiiiiiieeiee s Typ. 29.5V

o SWitching CoNtrol..........ocvviiiiiieee e PWM

e LED dimming control...........cccccvvveeveeeiiiiiiiieeeee e by external PWM signal (Frequency 200Hz to 300kHz)

® Packages ......cooeiiiiiiii DFN1616-6B, SOT-23-6

e Ceramic capacitors are recommended...................... 0.22uF
APPLICATION

e White LED Backlight for portable equipment
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BLOCK DIAGRAMS
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The package for the ICs can be selected at the user's request.
Product Name Package Quantity per Reel Pb Free Halogen Free
R1203L071B-TR DFN1616-6B 5,000 pcs Yes Yes
R1203N071B-TR-FE SOT-23-6 3,000 pcs Yes Yes
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PIN CONFIGURATIONS

e DFN1616-6B ® SOT-23-6
Top View Bottom View 6 5 4
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PIN DESCRIPTIONS
e DFN1616-6B
Pin No Symbol Pin Description
1 CE Chip Enable Pin ("H" Active)
2 Ves Feedback Pin
3 Lx Switching Pin (Open Drain Output)
4 GND Ground Pin
5 Vin Input Pin
6 Vour Output Pin

*) Tab is GND level. (They are connected to the reverse side of this IC.)
The tab is better to be connected to the GND, but leaving it open is also acceptable.

® SOT-23-6
Pin No Symbol Pin Description
1 CE Chip Enable Pin ("H" Active)
2 Vour Output Pin
3 Vin Input Pin
4 Lx Switching Pin (Open Drain Output)
5 GND Ground Pin
6 Vrs Feedback Pin
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ABSOLUTE MAXIMUM RATINGS

(GND=0V)

Symbol Item Rating Unit
Vin Vin Pin Voltage -0.3t06.5 \%
Vce CE Pin Voltage -0.3to Vin+0.3 \%
Ves Ves Pin Voltage -0.3to Vin+0.3 \%
Vour Vour Pin Voltage -0.3t0 32 \%
Vix Lx Pin Voltage -0.3t0 32 \%
ILx Lx Pin Current 1000 mA

b Power Dissipation (DFN1616-6B)" 640 iy

Power Dissipation (SOT-23-6)" 420

Ta Operating Temperature Range —-40 to 85 °C

Tstg Storage Temperature Range -551t0 125 °C

I *) For Power Dissipation, please refer to PACKAGE INFORMATION.

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause the
permanent damages and may degrade the life time and safety for both device and system using the device
in the field. The functional operation at or over these absolute maximum ratings is not assured.
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ELECTRICAL CHARACTERISTICS

® R1203x (Ta=25°C)
Symbol Item Conditions Min. | Typ. | Max. | Unit
ViN Operating Input Voltage 1.8 5.5 \%
loo Supply Current Vin=5.5V, Ves=0V, Lx at no load 0.5 1.0 mA
Istandby | Standby Current Vin=5.5V, Vce=0V 1.0 5.0 pA
Vuvior | UVLO Detector Threshold| Vi falling 15 1.6 1.7 \%
Vuvioz | UVLO Released Voltage | Vin rising \fgul)l 1.8 \%
Vcen | CE Input Voltage "H" Vin=5.5v 15 Vv
Vcer | CE Input Voltage "L" Vin=1.8V 0.5 Y,
Rce | CE Pull Down Resistance | Vin=3.6V 600 | 1200 | 2200 | kQ
Ves Ves Voltage Accuracy Vin=Vce=3.6V 0.19 0.20 0.21 \%
AVrs/ | Ves Voltage Temperature Ny o o ppm
ATa | Coefficient Vin=Vce=3.6V, -40°C < Ta < 85°C +150 °C
IF Ves Input Current Vin=5.5V, V=0V or Vin -0.1 0.1 JIVAN
Ron | Switch ON Resistance Vin=3.6V, l.x=100mA 1.35 Q
l.xleak | Switch Leakage Current | Vix=30V 0 3.0 pA
lxlim | Switch Current Limit Vin=3.6V 400 700 1000 | mA
fosc | Oscillator Frequency Vin=3.6V, Vour=Vre=0V 1.0 1.2 1.4 |MHz
Maxduty | Maximum Duty Cycle Vin=3.6V, Vour=Vr=0V 86 91 %
Vover | OVP Detector Threshold | Vin=3.6V, Vour rising 28.7 | 29.5 30.3 \%
AVovpi/ | Vove1 Voltage N, Mo o ppm
ATa | Temperature Coefficient Vin=Vee=3.6V, ~40°C < Ta < 85°C +150 /°C
Vow | OVP Released Voltage | Vin=3.6V, Vour falling vag; v
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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TYPICAL APPLICATIONS

Lo

0.22uF
C1 CM105B105K06
C2 GRM21BR71H224
L1 LQH32CN220K53

e | ED Current setting

When CE pin input is "H" (Duty=100%), LED current can be set with feedback resistor (R1)

lLeo=Vre / R1

e | ED Dimming Control

The LED brightness can be controlled by inputting the PWM signal to the CE pin. If the CE pin input is "L" in

the fixed time (Typ.0.5ms), the IC becomes the standby mode and turns OFF LEDs.

The current of LEDs when the CE pin is "H" input (Duty=100%) is shown by the above expression. The current
of LEDs can be controlled by Duty of the PWM signal of the input CE pin. The current of LEDs when High-Duty
of the CE input is Hduty reaches the value as calculatable following formula.

lLeo=Hduty x Ves / R1

The frequency of the PWM signal is using the range between 200Hz to 300kHz.

When controlling the LED brightness by the PWM signal of 20kHz or less;
inductor current might be make a sounds in the hearable sound wave area. In that case, please use the PWM

signal in the high frequency area.

Wik
— ]ce el
fe—
Hduty Vis
R1

Dimming control by CE pin input

The increasing or decreasing of the
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® Soft-Start

The output of the error amplifier starts from 0V and the inrush current is suppressed when starting by the CE
pin "H" input.
Moreover, the inrush current can be suppressed by gradually enlarging Duty of the PWM signal to the CE pin.

® Selection of Inductors

The peak current of the inductor at normal mode can be calculated as next formula:

ILmax=1.25 x Iep x Vout / Vin + 0.5 x Vin x (Vout = ViN) / (L x Vour x fosc)

When the start-up or dimming control by CE pin, transient current flows, the peak current must be equal or
less than the current limit of the IC. The peak current should not beyond the rating current of the inductor.
When 4-7LEDs are driven with Vin=3.6V, the recommended inductance value is 10uH -22uH.

® Selection of Capacitors

Set 1uF or more value bypass capacitor C1 between Vin pin and GND pin as close as possible.
Set 0.22uF or more capacitor C2 between Vour pin and GND pin.
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OPERATION OF STEP-UP DC/DC CONVERTER AND OUTPUT CURRENT

<Basic Circuit>
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There are two operation modes of the step-up PWM control-DC/DC converter. That is the continuous mode
and discontinuous mode by the continuousness inductor.

When the transistor turns ON, the voltage of inductor L becomes equal to Vin voltage. The increase value of
inductor current (i1) will be

FAN N Y TN Il o3 1Y A TN Formula 1

As the step-up circuit, during the OFF time (when the transistor turns OFF) the voltage is continually supply
from the power supply. The decrease value of inductor current (i2) will be

A2 = (VouT = VIN) X OPEN T Leiiiiiiiiiiieie ettt e e e a e s Formula 2

At the PWM control-method, the inductor current become continuously when topen=toff, the DC/DC converter
operate as the continuous mode.
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In the continuous mode, the variation of current of i1 and i2 is same at regular condition.

VIN X ton / L= (WouT = VIN) X 10 / L.eeiiiiiiiiee ettt Formula 3
The duty at continuous mode will be

Duty = ton / (ton + toff) = (VouT = VIN) / VOUT coeeeiieiiiii e a e Formula 4
The average of inductor current at topen=toff will be

IL(AVE.) = VINX 0N 1 (2 X L) trteiiiiiie e ettt ettt et e e s sntae e e s sntae e e e enraeeaeanes Formula 5
If the input power is equal to the output power, the lout will be

10UT = VINZ X 10N /(2 X L X VOUT) ettt eeeeee et n s eeeeee e s e eee e en s s, Formula 6

If the lout value is large than above the calculated value (Formula 6), it will become the continuous mode, At
this status, the peak current (ILmax) of inductor will be

ILmax = louT x Vout / VIN + VIN X 1on / (2 X L) weeeeeeeeiiicceie et Formula 7
ILmax = lout x Vour / ViN + ViIN X T x (Mout = VIN) / (2 X L X VOUT) cuevrriiiiiiaeiiiiiiiieeeeea e Formula 8

The peak current value is larger than the lour value. In case of this, selecting the condition of the input and the
output and the external components by considering of ILmax value.

The explanation above is based on the ideal calculation, and the loss caused by Lxswitch and the external
components are not included.

The actual maximum output current will be between 50% and 80% by the above calculations. Especially, when
the IL is large or Vin is low, the loss of Vin is generated with on resistance of the switch. Moreover, it is necessary
to consider Vr of the diode (approximately 0.8V) about Vour.
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TYPICAL CHARACTERISTICS

1) Efficiency vs. Output Current Characteristics

6LEDs
90
85
ASO /'\_/”'
S ,\/—\
=75 \
%)
270
Q
L2 65
4= =
5., Vi=2.8V |
V|N:3.6V
55 V|N:5.0V7
50 |
0 5 10 15 20

Output Current lout (mA)

7LEDs
90 ‘
85
™\ T —
80 NN__—T
<75 ﬁ/
>
270 /
E 65 / V|N:2.8V N
Weo —I Vin=3.6V -
55 ’ V|N=5.0V _
50 L \
0 5 10 15 20

2) PWM Dimming Duty Cycle vs. Output Current(R1=10Q)
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3) Output Current Ripple during PWM Dimming
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8) UVLO Output Voltage vs. Temperature

UVLO Voltage (V)

10) Switch ON Resistance vs. Temperature
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12) OVP Operating Output Voltage Waveform
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9) OVP Voltage vs. Temperature
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11) Lx Current Limit vs. Temperature
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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.

RICOMH RICOH ELECTRONIC DEVICES CO., LTD.

http://www.e-devices.ricoh.co.jp/en/

Sales & Support Offices
RICOH ELECTRONIC DEVICES CO., LTD.

Higashi-Shinagawa Office (International Sales)
3-32-3, Higashi-Shinagawa, Shinagawa-ku, Tokyo 140-8655, Japan
Phone: +81-3-5479-2857 Fax: +81-3-5479-0502

RICOH EUROPE (NETHERLANDS) B.V.
Semiconductor Support Centre
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Phone: +31-20-5474-309

RICOH ELECTRONIC DEVICES KOREA CO., LTD.

3F, Haesung Bldg, 504, Teheran-ro, Gangnam-gu, Seoul, 135-725, Korea
Phone: +82-2-2135-5700 Fax: +82-2-2051-5713

RICOH ELECTRONIC DEVICES SHANGHAI CO., LTD.
Room 403, No.2 Building, No.690 Bibo Road, Pu Dong New District, Shanghai 201203,
People's Republic of China

Phone: +86-21-5027-3200 Fax: +86-21-5027-3299

RICOH ELECTRONIC DEVICES CO., LTD.
Taipei office

Room 108, 10F-1, No.51, Hengyang Rd., Taipei City, Taiwan (R.0.C.)
Phone: +886-2-2313-1621/1622 Fax: +886-2-2313-1623
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Hu1Boe NapTHEPCTBO

000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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