RICOH

2A" PWM/VFM Step-down DC/ DC Converter with Synchronous Rectifier
NO.EA-296-120525

OUTLINE

The RP506K Series are low supply current CMOS-based PWM/VFM step-down DC/ DC converters with
synchronous rectifier featuring 2A™ output current. Internally, a single IC consists of an oscillator, a reference
voltage unit, an error amplifier, a switching control circuit, a mode control circuit, a soft start circuit, a latch
protection circuit, an under-voltage lockout (UVLO) circuit, a thermal shutdown circuit, and switching transistors.

By simply using an inductor and capacitors as external components, without connecting any diode, a low ripple
and high efficiency synchronous rectifier step-down DC/ DC converter can be easily configured.

RP506K is available in DFN(PLP)2527-10 package which achieves high-density mounting on boards. RP506K
is available in the fixed output voltage type (RP506Kxx1A/ B/ D/ E) which can be set by 0.1 V step and the output
voltage accuracy is as high as £1.5% or £18mV, or the adjustable output voltage type (RP506K001C/ F) which
can be set by using the external resistors.

The oscillator frequency can be selected from 2.25MHz (RP506Kxx1A/ B/ C) or 1.2MHz (RP506K001C/ F). By
inputting a signal to MODE pin, RP506K can choose PWM/VFM auto switching control or forced PWM control. In
low output current, PWM/VFM auto switching control automatically switches from PWM mode to VFM mode in
order to achieve high efficiency. Likewise, in low output current, fixed PWM control switches at fixed frequency in
order to reduce noise.

RP506K contains a latch type protection circuit which latches the built-in driver to the OFF state during high
load or if the output is short-circuited for a specified time (protection delay time). The latch protection circuit can
be released by once setting the IC into the standby mode with the CE pin and then setting it back to the active
mode, or, by turning the power off and back on. Setting the supply voltage lower than the UVLO detector
threshold can also release the latch protection circuit. RP506K also contains a thermal shutdown circuit which
detects overheating of the regulator if the output pin (Vour) is shorted to the ground pin (GND) etc. and stops
regulator operation to protect it from damage.

The soft-start time is fixed within the IC (Typ. 150us), but it is also adjustable by using external capacitors.
RP506K includes a power good (PG) function which monitors the Voyr pin voltage or the fee dback pin voltage
(Veg), and switches the PG pin to low if any abnormal condition is detected.

" This is an approximate value. The output current depends on conditions and external components.
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FEATURES
. Supp|y CUrrent -«orerrrrererere Typ 48“A (VFM mOde, Lx at no |Oad)
. Standby Current ........................................... MaX. 5HA
@ Input Voltage Range: - 2.5V to 5.5V (Absolute Maximum Ratings: 6.5V)
@ Output Voltage Range«----wwesreesseeeaess 0.8V to 3.3V* (RP506Kxx1A/ B/ C)
0.6V to 3.3V (RP506Kxx1D/ E/ F)
@ Output Voltage ACCUracy - wsswsssesseeess: +1.5%(Vser °21.2V), £+18mV(Vser<1.2V) (RP506Kxx1A/ B/ D/ E)
@ Feedback Voltage Accuragy:---==-seees +9mV(Vre=0.6V) (RP506K001C/ F)
@ Output Voltage/ Feedback Voltage
Temperature Coefﬁcient ............................... i1 Ooppm/ OC
@ Oscillator Frequency =« Typ. 2.25MHz (RP506Kxx1A/ B/ C)
Typ. 1.2MHz (RP506Kxx1D/ E/ F)
@ Oscillator Maximum Duty «---seeeeeseseeeeeeeees Min. 100%
@ Built-in Driver ON Resistance -« Typ. Pch. 0.130Q, Nch. 0.125Q (Vin=3.6V)
@ UVLO Detector Threshold:«-««--xeeeeeeeees Typ. 2.2V
@ Inductor Current Limit Circuit -«---==-exeeereee Current limit Typ. 2.8A
@ Latch Type Protection Circuit -«:---eseeeees Typ. 1.5ms
. Package ....................................................... DFN(PLP)2527_10

"2 Please refer to Electrical Characteristics for more information. Fixed output voltage type (RP506Kxx1A/ B/ D/ E) can be
set by 0.1V step.
3 Vser=Set Output Voltage

APPLICATION

@ Power source for Li-ion battery-used equipment
@ Power source for portable communication equipment, camcorder, DSC, Notebook PC
@® Power source for HDD, WLAN

RICOH
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SELECTION GUIDE

The set output voltage, the output voltage type, the auto-discharge function™, and the oscillator frequency

for the ICs are user-selectable options.

Product Name

Package

Quantity per Reel

Pb Free

RP506Kxx1$(y)-TR

DFN(PLP)2527-10

5,000 pcs

Yes

Yes

(1.25V)

xx: Designation of the set output voltage (Vser) .
For Fixed Output Voltage Type: 0.6V (06) ° to 3.3V (33) in 0.1V steps®
For Adjustable Output Voltage Type: 0.6V (001) only

(y): If Vsgr includes the 3rd digit, indicate the digit of 0.01V.

Ex. If Vger is 1.25V, RP506K121$5-TR-FE.

$: Designation of version

Version Output Voltage Type Auto-discharge Function Oscillator Frequency
A Fixed No 2.25MHz
B Fixed Yes 2.25MHz
C Adjustable No 2.25MHz
D Fixed No 1.2MHz
E Fixed Yes 1.2MHz
F Adjustable No 1.2MHz

“ Auto-discharge function quickly lowers the output voltage to 0V, when the chip enable signal is s witched from the

. active mode to the standby mode, by releasing the electrical charge accumulated in the external capacitor.
*5 Vset can be set only within the specified range of voltage. Please refer to Electrical Characteristics for details.
©0.05v step is also available as a custom code.

RICOH
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PIN CONFIGURATION
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PIN DESCRIPTION
RP506K: DFN(PLP)2527-10"
Pin No. Symbol Description
1 PVin PV\y Input Voltage Pin®
2 AV AV Input Voltage Pin’®
3 PG Power Good Pin
4 CE Chip Enable Pin (“H” active)
5 MODE Mode Control Pin
(“H” Forced PWM Control, “L” PWM/ VFM Auto Switching Control)
6 Tss Soft-start Pin
7 Vout! Ves Output/ Feedback Voltage Pin
8 AGND Analog Ground Pin®
9 Lx Switching Pin
10 PGND Power Ground Pin"®

" The tab on the bottom of the package enhances thermal performance and is electrically connected to GND

(substarate level). It is recommended that the tab be connected to the ground plane on the board. If not, the tab can
.. be left open.
*8 No.1 pin and No.2 pin must be wired to the V|y plane when mounting on boards.
®No.8 pin and No.10 pin must wired to the GND plane when mounting on boards.
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ABSOLUTE MAXIMUM RATINGS

(AGND=PGND=0V)

Symbol Item Rating Unit
VN AV\\/ PV |\ Pin Voltage -0.3t06.5 V
Vix Lx Pin Voltage -0.3to AV\/ PVy+0.3 \
Vce CE Pin Voltage -0.3t06.5 \Y
Vout/ Ves Vout/ Veg Pin Voltage -0.3t06.5 \Y
VMobE MODE Pin Voltage -0.3t06.5 \Y
Veg PG Pin Voltage -0.3t06.5 \Y
V1ss Tss Pin Voltage -0.3 to AV)\+0.3 \%
ILx Lx Pin Output Current 2.8 A
Po Power Dissipation '° (DFN2527-10) 910 (Standard Land Pattern ™) mwW
1400 (High Wattage Land Pattern ") mw
Ta Operating Temperature Range -40 to +85 °C
Tstg Storage Temperature Range -55to +125 °C
*19 For more information about Power Dissipation, Standard Land Pattern and High Wattage Land Pattern, please
refer to Package Information.

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause the permanent
damages and may degrade the lifetime 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 electro nic equi pment shou Id be desi gned that the mounted s emiconductor d evices o perate 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.

RICOH
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ELECTRICAL CHARACTERISTICS

RP506Kxx1 (Ta=25°C)
Symbol Item Conditions Min Typ. | Max. | Unit
Istandby | Standby Current AV \/ PV N=5.5V, Vce=0V 0 5 A

lceH CE “H” Input Current AV N/ PViN=Vce=5.5V -1 0 1 pA
lceL CE “L” Input Current AV N/ PVN=5.5V, V=0V -1 0 1 pA
Imoben | MODE “H” Input Current AV N/ PViN=Vmope=5.5V, Vce=0V -1 0 1 uA
Ivope. | MODE “L” Input Current AV\\/ PVN=5.5V, Vce=Vyope=0V -1 0 1 uA
lxteakn | Lx Leakage Current “H” AV N/ PViN=V x=5.5V, V=0V -1 0 6 pA
lxteak. | Lx Leakage Current “L” AV N/ PV iN=5.5V, Vce=V x=0V -6 0 1 pA
Veen CE “H” Input Voltage AVn/ PVy=5.5V 1.0 \Y,
Veer CE “L” Input Voltage AV\\/ PVy=2.5V 0.4 \Y,
Vvopen | MODE “H” Input Voltage AVn/ PVy=5.5V 1.0 \Y,
Vwoper | MODE “L” Input Voltage AV PVy=2.5V 0.4 Y
Rone On Resistance of Pch Transistor | AV \y/ PVn=3.6V, I, x=-100mA 0.130 Q
Ronn On Resistance of Nch Transistor | AV y/ PVin=3.6V, I, x=-100mA 0.125 Q
Maxduty | Oscillator Maximum Duty Cycle 100 %
tstart! | Soft-start Time 1 N ey Voe=S BV or Veert TV, 150 | 300 | ps
tstart2 | Soft-start Time 2 é\s/s'“;/OF_?/P'l“l‘:VCEﬂﬁV orVeertV. 1 45 | 30 | 45 | ms
I xLim Lx Current Limit AV N/ PViN=Vce=3.6V or Vger+1V 2300 | 2800 mA
tprot Protection Delay Time AV N/ PViN=Vce=3.6V or Vger+1V 0.5 1.5 5 ms
VuviLo1 UVLO Detector Threshold AV N/ PVin=Vce 2.1 2.2 2.3 \Y
Vuvio2 UVLO Released Voltage AV PVin=Vee 2.2 2.3 2.4 \
Ttsp Thermal Shutdown Temperature | Junction Temperature 150 °C
Trsr $2(r;r:)neazlaﬁjr;:tdown Released Junction Temperature 100 °C
Rec On Resistance of PG Pin AV.N/_PV.N=3.6V—, 45 0
When Low Output Vour=0V or V=0V
4#RP506Kxx1A/ B/ C (Oscillator Frequency: 2.25MHz)
When MODE=H 1.1V<Vger<1.2V 2.5 4.5
Operating Input Voltage ™" 1.2V<Verr 25 55
i When MODE=L 0.8V=sVger<1.0V 25 45 v
Operating Input Voltage 1.0V<Vser 25 55
fosc Oscillator Frequency AV N/ PViNn=Vce=3.6V or Vger+1V 2.00 2.25 2.50 MHz
#RP506Kxx1D/ E/ F (Oscillator Frequency: 1.2MHz)
When MODE=H 0.6V<Vger<0.7V 25 4.5
Vi Operating Input Voltage 0.7V<Vser 25 55 v
\évggrgtwlg?niul’:Voltage 2.5 55
fosc Oscillator Frequency AV PV N=Vce=3.6V or Vger+1V 1.00 1.20 140 | MHz
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Symbol Item ‘ Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
BRP506Kxx1A/ B/ D/ E (Fixed Output Voltage Type)
=\/ = Veer21.2V  [x-1.015 x 1.015
Vour | Output Voltage AV\'/N/ P_YR/ Vee=3.6V SET Vv
Oor Vser Veer<1.2V | -0.018 +0.018
Output Voltage Temperature | o
AVout/AT Coefficient 40°C<Ta<85°C +100 ppm/°C
Ibp1 Supply Current 1 AViN/ PViN=Vee=5.5V, Vour=Vserx0.8 600 pA
= V =0V 48 72 A
lop2 Supply Current 2 'ﬁ‘\\//”“/ Ii\sl'gVVCE MODE H
—vourTo. Vmope=5.5V 600 pA
lvouTL Vout “L” Current AV|N/ PVin=5.5V, VCE=VOUT=0V -1 0 1 p_A
Vovb OovD Voltage AV|N/ PV|N=3.6V VSETX1 2 V
Vuvo UVD Voltage AV N/ PVN=3.6V Vserx0.8 \%
ORP506Kxx1A/ D (Fixed Output Voltage Type without Auto-discharge Function)
IVOUTH VOUT “H” Current AV|N/ PV|N=VOUT=5.5V, VCE=OV -1 0 1 HA
ORP506Kxx1B/ E (Fixed Output Voltage Type with Auto-discharge Function)
Riow | On Resistance of Low Output | AViy/ PVin=3.6V, Vce=0V | | 45 | | @
ERP506K001C/ F (Adjustable Output Voltage Type)
Veg Feedback Voltage AV|N/ PV|N=VCE=3.6V 0.591 0.600 0.609 V
Feedback Voltage Ao o o
AVEes/AT Temperature Coefficient 40°C<Ta<85°C +100 ppm/°C
IDD1 Supply Current 1 AV|N/ PV|N=VCE=5.5V, VFB=O.48V 600 HA
= V =0V 48 72 A
Ipp2 Supply Current 2 é\\//lN/—z\QQI/ Vee MODE a
~VFBTY: Vmope=5.5V 600 pA
lveBH Ves “H” Current AV|N/ PViN=VEs=5.5V, VCE=0V -1 0 1 p_A
lvesL Ves “L” Current AV|N/ PVin=5.5V, VCE=VFB=OV -1 0 1 p_A
Vowo OVD Voltage AV PVn=3.6V 0.72 \Y
Vuvo UVD Voltage AV PVn=3.6V 0.48 \Y%

All test items listed under Electrical Characteristics are done under the pulse load condition (Tj=Ta=25°C) except Output Voltage
Temperature Coefficient and Feedback Voltage Temperature Coefficient.
" As for RP506Kxx1A/ B/ C (MODE=H), Vset can be set from 1.1V.
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TYPICAL APPLICATION
RP506Kxx1A/ B/ D/ E (Fixed Output Voltage Type) with PG Function, 30ms Soft-start Time

Vin
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2.2uH Vour
Res On L - AVin Lx T
100k@ = 10uF RP506K
Series
< s Cour
P PG AGND = 30uF
0
CE Vour
o
O "2
\O— MODE Tss 1_ CSS
T T 0w
777

"2 MODE=“H” Forced PWM Control
MODE=“L” PWM/ VFM Auto Switching Control

RP506K001C/ F (Adjustable Output Voltage Type) without PG Function, 150us Soft-start-time
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777
" MODE=“H” Forced PWM Control
MODE=“L” PWM/ VFM Auto Switching Control
Table 1. Recommended External Components
Symbol Size Part Description Model
Cin 10uF Ceramic Capacitor C1608JB0J106M (TDI.()
JMK107BJ106MA (Taiyo Yuden)
22uF x 2 Ceramic Capacitor C2012JB0J226M (TDK)
C
ot 10uF x 3 Ceramic Capacitor C1608/80J106M (TD}_O
JMK107BJ106MA (Taiyo Yuden)
SLF6045T-2R2N3R3 (TDK)
L 2.2uH Inductor CLF6045-2R2N (TDK)
FDSD0415-2R2M (TOKO)
RLF7030T-2R2M5R4 (TDK)

RICOH
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TECHNICAL NOTES

When using RP506K Series, please consider the following points.

AGND and PGND must be wired to the GND plane when mounting on boards.

AV\y and PV y must be wired to the V5 plane when mounting on boards.

Ensure the AV)y/ PV\y and AGND/ PGND lines are sufficiently robust. A large switching current flows through
the AGND/ PGND line, the Vpp line, the Vour line, an inductor, and L. If their impedance is too high, noise
pickup or unstable operation may result. Set the external components as close as possible to the IC and
minimize the wiring between the components and the IC. Especially, place a capacitor (Cy\) as close as
possible to the PV |y pin and PGND. For RP506Kxx1A/ B/ D/ E, separate the wiring between the Vqyr pin and
an inductor (L1) from the wiring between L1 and Load. Likewise, for RP506K001C/ F, separate the wiring
between a resistor for setting output voltage (R1) and an inductor (L2) from the wiring between L2 and Load.
Choose a low ESR ceramic capacitor. The ceramic capacitance of C,y should be more than or equal to 10pF.
For a ceramic capacitor (Couyr), it is recommended that three paralleled 10uF ceramic capacitors or two
paralleled 22uF ceramic capacitors be used.

Choose a 2.2pH inductor. The phase compensation of this IC is designed according to the Coyt and L values.
Choose an inductor that has small DC resistance, has enough allowable current and is hard to cause
magnetic saturation. If the inductance value of an inductor is extremely small, the peak current of Ly may
increase along with the load current. As a result, over current protection circuit may start to operate when the
peak current of Ly reaches to “Lx limit current”.

Over current protection circuit and latch type protection circuit may be affected by self-heating or power
dissipation environment.

The output voltage (Vour) is adjustable by changing the resistance values of resistors (R1, R2) as follows.

Vout = Vs x (R1 + R2) / R2 (Recommended Voyt range for RP506K001F: 0.6V < Vser < 3.3V)
(Recommended Vqurt range for RP506K001C: 0.8V < Vser < 3.3V)

If R1 and R2 are too large, the impedances of Vg also become large, as a result, the IC could be easily

affected by noise. For this reason, R2 should be 220kQ or less. If the operation becomes unstable dues to

the high impedances, the impedances should be decreased.

C1 can be calculated by the following equations. Please use the value close to the calculation result.
C1=4.84x10%/ Rz [F]

The recommended resistance values for R1 and C1 when R2=220kQ are as follows.

Vser [V] 06| 07| o8| 12| 18| 25| 33
R1 [kQ] 0| 367 | 733| 220| 440| 697 | 990
R2[kQ] | 220| 220| 220| 220| 220| 220| 220
C1 [pF] - 22| 22| 22| 22| 22| 22

Soft-start Time (tstart) is adjustable by connecting a capacitor (Css) between the Tss pin and GND. The
capacitance value for Cgs that is suitable for tstart can be calculated by the following equation.

Css (nF) = 3.5 x tstart (ms)
The Tss pin must be open if Soft-start time function is not used. Soft-start time is set to typically 150us when
the Tss pin is open.
When using the power good function, the resistance value of a resistor (Rpg) should be between 10kQ to
100kQ. The PG pin must be open or connected to GND if the power good function is not used.

For stable operation, please use recommended external components with recommended sizes indicated in
Table 1. Recommended External Components. However, performances of power source circuits using
RP506K largely depend on peripheral circuits. When selecting the peripheral components, please consider
the conditions of use. Do not allow each component, PCB pattern or the IC to exceed their respected rated
values (voltage, current, and power) when designing the peripheral circuits.
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SOFT START TIME ADJUSTABLE FUNCTION AND POWER GOOD FUNCTION
Soft-start Time Adjustable Function

Soft-start time (tstart) of RP506K Series is adjustable by connecting a soft-start time adjustable capacitor (Css)
between the Tss pin and GND. tstart can be set from Typ. 0.15ms. As the diagram below shows, if 0.1uF Css is
connected, tstart will be 30ms. The Tss pin must be open if the soft-start time function is not used. tstart is set to
0.15ms (Typ.) when the Tsg pin is open.

tstart
4
30ms

15ms|

3ms

0.15ms

I

0 470pF  0.014F 0.047uyF  0.1yF  Css
Css vs. tstart (Typ.)

Power Good Function

RP506K Series contains a power good function using Nch open drain. If any abnormal condition is detected,
the power good function turns Nch transistor on and switches the PG pin to low . If the ca use of the a bnormal
condition is removed, the power good function turns Nch transistor off and switches the P G pin b ack to high.
After the recovery from abnormal condition, it t akes typically 0.1ms for the | C to turns Nch tran sistor off. The
followings are the abnormal conditions that the power good function can detect.

- CE="L" (Shut down) * UVLO (Shut down) * Thermal Shutdown
- Over Voltage Detection: Typ . Vet x 1.2V (RP506Kxx1A/ B/ D/ E) or 0.72V (RP506K001C/ F)
= Under Voltage Detection: Typ . Vser x 0.8V (RP506Kxx1A/ B/ D/ E) or 0.48V (RP506K001C/ F)

When using the power good function, the resistance of PG pin (Rpg) should be between 10kQ to 100kQ. The
PG pin must be open or connected to GND if the power good function is not used.

RICOH 11
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START-UP SEQUENCE USING SOFT-START TIME ADJUSTABLE FUNCTION
AND POWER GOOD FUNCTION

Start-up sequence of RP506K Series can be built by using soft-start time adjustable function and power good
function.

The diagram below shows an example of circuits with start-up sequence using DC/ DC1 and DC/ DC2. In the
circuits with start-up sequence, by sending the PG signal to the CE pin of DC/ DC2, DC/ DC1 starts up first and
then DC/ DC2 starts up after.

Circuits Example with Start-up Sequence
DC/ DC1 (RP506K001C/F): V\y=5.0V, Vou1=1.8V, tstart=30ms (Css=0.1uF)
DC/ DC2 (RP506K001C/F): V\y=5.0V, Vou1=1.2V, tstart=30ms (Css=0.1uF)

12

V|N=5.0V
> PVin PGND
L4 Vour
2.2uH 1.8V
Cnt o Rpc1 AV N Lx W * >
10pH—T 100kQ RP506K
001C/F
22p Cour1
PG AGND 440kQ ——30uF
DC/ DC1 T
CE Ves
220kQ
MODE Tss ~]_Csst
TO.1pF
777
. PVin PGND
Lo Vourz
2.2uH 1.2V
Cinz = AVin Lx IO * *—>
10uH RP506K
001C/F
PG AGND p  220kQ gzp — ggﬁ}z
DC/ DC2 T
CE Ves
220kQ
MODE Tss ] Css2
T0.1UF
b
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OPERATION OF STEP-DOWN DC/ DC CONVERTER AND OUTPTUT
CURRENT

The step-down DC/ DC converter charges energy in the inductor when Ly Tr. turns “ON”, and discharges the
energy from the inductor when Ly Tr. turns “OFF” and operates with less energy loss, so that a lower output
voltage (Vour) than the input voltage (V\y) can be obtained.

The operation of the step-down DC/ DC converter is explained in the following diagrams.

Diag. 1 Basic Circuit Diag. 2 Inductor Current (IL) Flowing through Inductor (L)

vin[ —o"0o 55—+ | Vour
Pch Tr L

Neh T, | 12V

] ’ [GND

T=1/fosc

Step1. Pch Tr. turns “ON” and IL (i1) flows, L is charged with energy. At this moment, i1 increases from the
minimum inductor current (ILmin), which is OA, and reaches the maximum inductor current (ILmax) in
proportion to the on-time period (ton) of Pch Tr.

Step2. When Pch Tr. turns “OFF”, L tries to maintain IL at ILmax, so L turns Nch Tr. “ON” and IL (i2) flows into L.

Step3. i2 decreases gradually and reaches ILmin after the open-time period (topen) of Nch Tr., and then Nch Tr.
turns “OFF”. This is called discontinuous current mode.

As the output current (loyt) increases, the off-time period (toff) of Pch Tr. runs out before IL reaches
ILmin. The next cycle starts, and Pch Tr. turns “ON” and Nch Tr. turns “OFF”, which means IL starts
increasing from ILmin. This is called continuous current mode.

In the case of PWM control system, Vour is maintained by controlling ton. During PWM control, the oscillator
frequency (fosc) is being maintained constant.

As shown in Diag. 2, when the step-down DC/ DC operation is constant, ILmin and ILmax during ton of Pch Tr.
would be same as during toff of Pch Tr.

The current differential between ILmax and ILmin is described as Al.
AI = ILmaX —_ ILmin = VOUT X topen/ L = (V|N —_ VOUT) X ton / L ..................................... Equation 1

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

In Equation 1, “Vour % topen / L” shows the amount of current change in "ON" state. Also, “(Viy = Vour) x ton / L”
shows the amount of current change at "OFF" state.

RICOH 13
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Discontinuous Mode and Continuous Mode

As illustrated in Diag 3., when Iyt is relatively small, topen<toff. In this case, the energy charged into L during
ton will be completely discharged during toff, as a result, ILmin=0. This is called discontinuous mode.

When loyr is gradually increased, eventually topen=toff and when loyr is increased further, eventually ILmin>0.
This is called continuous mode.

Diag 3. Discontinuous Mode Diag 4. Continuous Mode
IL IL ILmax
ILmax
ILmin topen
/ /=t I Iconst i
a — ' 5 !
) ton 0 toff > 5 e :i
* > ' ton toff
. T=1/fosc ' § T=1/fosc !
In the continuous mode, the solution of Equation 1 is described as tonc.
tonC = T X VOUT / VIN ................................................................................................................ Equation 2

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

RICOH
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Forced PWM Mode

By setting the MODE pin to “H”, the IC switches the frequency at the fixed rate to reduce noise even when the
output load is light. Therefore, when gyt is AIL/2 or less, ILmin becomes less than 0. That is, the accumulated
electricity in CL is discharged through the IC side while IL is increasing from ILmin to 0 during ton, and also while
IL is decreasing from 0 to ILmin during toff.

Forced PWM Mode

IL ILmax

toff
T=1/fosc

Ny

B U Y.
—
o
=}

VFM Mode

By setting the MODE pin to “L”, in low output current, the IC automatically switches into VFM mode in order to
achieve high efficiency. In VFM mode, ton is forced to end when the inductor current reaches the pre-set ILmax.
In the VFM mode, ILmax is typically set to 400mA for RP506Kxx1A/ B/ C, and 550mA for RP506Kxx1D/ E/ F.
When ton reaches 1.5 times of T=1/fosc, ton will be forced to end even if the inductor current is not reached
ILmax.

VFM Mode

r 3
Y.
S
A A

toff

RICOH 15



16

RP506K

OUTPUT CURRENT AND SELECTION OF EXTERNAL COMPONENTS

The following equations explain the relationship between output current and peripheral components used in
the diagram in “TYPICAL APPLICATIONS” (P.9).

Ripple Current P-P value is described as Irp, ON resistance of Pch Tr. is described as Ronp, ON resistance of
Nch Tr. is described as Ronn, and DC resistor of the inductor is described as R,.

First, when Pch Tr. is “ON”, the following equation is satisfied.

Vin = Vour + (Rowp + RL) % lout # L x Igp / TOR -wesseesseresmessesssnisssisissssns Equation 3
Second, when Pch Tr. is "OFF" (Nch Tr. is "ON"), the following equation is satisfied.

L x Igp / toff = Ronn X lout + Vout + RL X Igureerererersrsssssssss s Equation 4
Put Equation 4 into Equation 3 to solve ON duty of Pch Tr. (Do = ton / (toff + ton)):

Don = (Vout + Ronn x lout + Rux lout)/(Vin+ Ronn % lout = Ronp x loyr)-oreeseseseseseeeess Equation 5
Ripple Current is described as follows:

lre = (Vin = Vout = Ronp % lout = RL % lout) X Do / FOSC / Lrweseeseessmmsessssseisisniniee. Equation 6
Peak current that flows through L, and Lx Tr. is described as follows:

ILXMAX = lour * IRp / 27w+ ewereresrssss s Equation 7

* Please consider ILxmax when setting conditions of input and output, as well as selecting the external

components.
* The above calculation formulas are based on the ideal operation of the ICs in continuous mode.
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TIMING CHART

(1) Soft-start Time
Starting-up with CE Pin

The IC starts to operate when the CE pin voltage (Vce) exceeds the threshold voltage. The threshold voltage is
preset between CE “H” input voltage (Vcen) and CE “L” input voltage (V).

Veen /
Threshold Level =~ -~/
P VCEL """"""""""""""""""""
CE Pin Input Voltage / Soft-start Time
(Vee)
IC Internal Reference Voltage
(Vrer) Soft-start Circuit ——
operation starts. ’ ’ ’ ’ ’
Lx Voltage P | | H H M H
(Vix) IC operates with PWM mode
during Soft-start time. I

Output Voltage
(Vour)

Depending on Power Supply,
Load Current, External Components

Soft-start time st arts when soft-start circuit is activated, and end s wh en the referen ce voltage re aches the
specified voltage.

* Soft start time is not always equal to the turn-on's  peed of the step-down DC/ DC conve rter. Please note

that the turn -on speed could be af fected by the po wer supply capacity, the output current, the indu ctance
value and the Cqyr value.

Starting-up with Power Supply

After the power-on, when V|y exceeds the UVLO released voltage (VyviLoz), the IC starts to operate. Then,
soft-start circuit starts to operate and after a certain period of time, Vrer gradually increases up to the sp ecified
value. Soft-start time starts when soft-start circuit is activated, and ends when Vggr reaches the specified voltage.

VSET
VuvLoz \\
Input Voltage Vuviot

Vi) Soft-start Time

IC Internal Reference Voltage
(Vrer)
Lx Voltage " “ I‘ ”
(Viv) IC operates with PWM mode during Soft-start time.
Vser i
Output VEJ\I;age; Depending on Power Supply, Load Current,
ouT

External Components

* Please note that the turn-on speed of Voyr could be affected by the power supply capacity, the output current,

the inductance value, the Coyr value and the turn-on speed of V|y determined by Cyy.

RICOH
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(2) Under Voltage Lockout (UVLO) Circuit
If Vin becomes lower than Vsgr, the step-down DC/ DC converter stops the switching operation and ON duty

becomes 100%, and then Vqyr gradually drops according to V.

If the V|y drops more and becomes lower than the UVLO detector threshold (VyyLo4), the UVLO circuit starts to
operate, Vrer stops, and Pch and Nch built-in switch transistors turn “OFF”. As a result, Vour drops according to
the Cour capacitance value and the load.

To restart the operation, V\y needs to be higher than V. 0.. The timing chart below shows the voltage shifts of

VRer, Vix and Vour when V) value is varied.

VSET

Input Voltage

Vuvioz
(Vin)
VuvLot

Soft-start Time

IC Internal Reference Voltage
(Vrer)

Output Voltage
(Vour)

Vser

Lx Voltage
(Vi) R

Depending on Power Supply, Load Current,
External Components

* Falling edge (operating) and rising edge (releasing) waveforms of Vour could be affected by the initial

voltage of Coyr and the output current of Vour.

RICOH



RP506K

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

Over current protection circuit supervises the inductor peak current (the peak current flowing through Pch Tr.)
in each switching cycle, and if the current exceeds the Ly current limit (I.xm), it turns off Pch Tr. I x m of the
RP506K is set to Typ.2800mA.

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

Notes: Ix.m and tprot could be easily affected by self-heating or ambient environment. If the V\y drops
dramatically or becomes unstable due to short-circuit, protection operation and tprot could be affected.

Protection Delay Time (tprot)
NVAAYAAANE SSRWAVAVAVAY;
IL flowing through L
Lx Limit Current

(lixum)
Current flowing through Pch Tr.
%
Lx Voltage
(Vi) «

To release the latch type protection circuit, restart the IC by inputting "L" signal to the CE pin, or restart the IC
with power-on or make the supply voltage lower than Vyy o1.

The timing chart below shows the voltage shift of Vcg, Vix and Vour when the IC status is changed by the
following orders: V| rising — stable operation — high load — CE reset — stable operation — V| falling — Vi
recovering — stable operation.

(1) If the large current flows through the circuit or the IC goes into low Voyr condition due to short-circuit or other
reasons, the latch type protection circuit latches the built-in driver to “OFF” state after tprot. Then, V\ x
becomes "L" and Vour turns “OFF”. In this timing chart below, the latch protection circuit is released by once
setting the IC into "L" with the CE pin and then setting it back to "H".

(2) The latch type protection is released by UVLO reset, which makes V\y lower than Vyy o1.

(1 )

Vser \ JL
(Vin) UVLO Released Voltage  (Vuyvio2)
UVLO Detector Thresholds (Vyvio1) Y

Input Voltage

UVLO Reset

CE Pin Input Voltage Vser ]
(Vee) \  CE Reset

Threshold Level ama
Protection Delay Time Protection Delay Time

Lx Voltage Vser H
(Vix)
v Latch-type Protection; Latch-type Protection
Output Voltage ST L e .
(Vour) Stable | Stable Stable
out —— }Operation ! Qperation Operation
Soft-start Time ~ Soft-start Time Soft-start Time

RICOH
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TYPICAL PERFORMANCE CHARACTERISTICS
1) Output Voltage vs. Output Current

RP506

Output Voltage V out(V)

1.220

1.215

1.210

1.205

1.200

1.195

1.190

1.185

1.180

RP506

Output Voltage V out(V)

1.820

1.815

1.810

1.805

1.800

1.795

1.790

1.785

1.780

RP506

Output Voltage V out(V)

3.350
3.340
3.330
3.320
3.310
3.300
3.290
3.280
3.270
3.260

Kxx1A/B/C Vour=1.2V RP506
MODE=“L”PWM/VFM Auto Switching Control

—Vin=3.6V |

—Vin=5.0V
L L

0.01

0.1

1 10 100

Output Current loyr(mA)

1000 10000

Kxx1A/B/C Vour=1.8V RP506
MODE=“L”PWM/VFM Auto Switching Control

——\in=36V |

——\Vin=5.0V |
Lol L L L LI

0.01

0.1

1 10 100
Output Current loyr(mA)

1000 10000

Kxx1A/B/C Vour=3.3V RP506
MODE=“L”PWM/VFM Auto Switching Control

—\Vin=4.3V

——\Vin=5.0V |
[ EETTE T

0.01

0.1

1 10 100
Output Current loyr(mA)

1000 10000

Output Voltage V out (V) Output Voltage V out (V)

Output Voltage V out(V)

1.220

1.215

1.210

1.205

1.200

1.195

1.190

1.185

1.180

1.820

1.815

1.810

1.805

1.800

1.795

1.790

1.785

1.780

3.350
3.340
3.330
3.320
3.310
3.300
3.290
3.280
3.270

3.260

Kxx1A/B/C Vour=1.2V
MODE=“H" Forced PWM Control

——Vin=36V |

——\Vin=5.0V |

0

200 400 600 800 1000 1200 1400 1600 1800 2000

Output Current loyr(mA)

Kxx1A/B/C Vour=1.8V
MODE=“H" Forced PWM Control

W—A—AFM_L D ———
r —
—Vin=36V |
——Vin=5.0V |
L L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Output Current loyr(mA)
Kxx1A/B/C Vour=3.3V
MODE=“H” Forced PWM Control
o arwAre
—\Vin=4.3V 7|
—\in=5.0V |
| |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Output Current loyr(mA)
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Output Voltage V out(V)

0.620

0615

0.610

0.605

0.600

0.595

0.590

0.585

0.580

RP506

Output Voltage V out(V)

0.820

0.815

0.810

0.805

0.800

0.795

0.790

0.785

0.780

RP506

Output Voltage V out(V)

1.220

1.215

1.210

1.205

1.200

1.195

1.190

1.185

1.180

RP506Kxx1D/E/F Vour=0.6V
MODE=“L”PWM/VFM Auto Switching Control

N

——\Vin=36V |

——Vin=45V |

0.01 0.1 1 10

100 1000 10000

Output Current loyr(mA)

Kxx1D/E/F Vour=0.8V RP506
MODE=“L”PWM/VFM Auto Switching Control

’ \

——\Vin=3.6V |

——\in=5.0V |
L LI L LI

0.01 0.1 1 10

100 1000 10000

Output Current loyr(mA)

Kxx1D/E/F Vour=1.2V RP506
MODE=“L”PWM/VFM Auto Switching Control

—Vin=3.6V |

——Vin=5.0V
Lo L

0.01 0.1 1 10

100 1000 10000

Output Current loyr(mA)

Output Voltage V out(V)

Output Voltage V out(V)

Output Voltage V out(V)

0.620

0.615

0610

0.605

0.600

0.595

0.590

0.585

0.580

0.820

0.815

0.810

0.805

0.800

0.795

0.790

0.785

0.780

1.220

1.215

1.210

1.205

1.200

1.195

1.190

1.185

1.180

RP506Kxx1D/E/F Vour=0.6V
MODE=“H" Forced PWM Control

——Vin=36V |

——Vin=45V |

200 400 600 800 1000 1200 1400 1600 1800 2000

Output Current lgyr(mA)

Kxx1D/E/F Vour=0.8V
MODE=“H” Forced PWM Control

——Vin=36V |

——\Vin=5.0V |
| |

200 400 600 800 1000 1200 1400 1600 1800 2000

Output Current loyr(mA)

Kxx1D/E/F Vout=1.2V
MODE=“H” Forced PWM Control

——Vin=36V |

——\Vin=5.0V |

200

400 600 800 1000 1200 1400 1600 1800 2000

Output Current loyr(mA)
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RP506 Kxx1D/E/F Vour=1.8V RP506
MODE=“L”PWM/VFM Auto Switching Control
1.820 1.820
1815 | 1815
S 1810 |~ S 1810
S 1805 S 1.805
[ (9]
21800 | S L ke 2 1.800
S S
Z 1795 | Z 1795
=} >
=3 8
3 1.790 - 3 1.
© —Vin=3.6V S 1.790
1.785 Vinz5.0v 1.785
1780 L LI L L] 1780
0.01 0.1 1 10 100 1000 10000
Output Current loyr(mA)
RP506 Kxx1D/E/F Vour=3.3V RP506
MODE=“L”PWM/VFM Auto Switching Control
3.350 3.350
3340 | 3.340
3330 | — 3330
= 2
53320 | 5 3320
> >
o 3.310 \ » 3.310
(2] jo)]
£ 3300 | S 3300
3 3.290 3 3290
5 5
O 3280 —Vin=4.3V O 3280
3.270 Vin=5.0V 3.270
3.260 Ly L 3.260
0.01 0.1 1 10 100 1000 10000
Output Current loyr(mA)
2) Output Voltage vs. Input Voltage
RP506 Kxx1D/E/F Vour=0.6V RP506
MODE=“H” Forced PWM Control
0.620 0.820
0.615 0.815
S 0610 S 0810
5 5
< 0605 | < 0.805
[ (9]
E 0.600 * § 0.800
o o
> >
4 0595 |- out=1mA 5 0.795
8 0590 |~ __jout=1000mA 3 0790
0585 ' ___lout=2000mA 0785
0.580 ‘ ‘ 0.780
2533 54 4555 5

Input Voltage Vin(V)

Kxx1D/E/F Vour=1.8V
MODE=“H” Forced PWM Control

—Vin=36V |

——\in=5.0V |

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Output Current loyr(mA)

Kxx1D/E/F Vour=3.3V
MODE=“H” Forced PWM Control

= eaciihe —~r-
—\in=4.3V ]
—\in=5.0V |
Il Il
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Output Current loyr(mA)
Kxx1D/E/F Vour=0.8V
MODE=“H” Forced PWM Control
| =——Ilout=1mA
| ——Ilout=1000mA
[ = lout=2000mA
| |
25 3 35 4 4.5 5 55

Input Voltage Vin(V)
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1.220

1.215

1.210

1.205

1.200

1.195

Output Voltage V out (V)

1.190
1.185

1.180

RP506K Vour=1.2V
MODE=“H” Forced PWM Control

| ——Ilout=1mA

| ——Ilout=1000mA

| ——lout=2000mA

25 3 3.5 4 4.5

3.350
3.340
3.330
3.320
3.310
3.300
3.290

Output Voltage V out(V)

3.280
3.270
3.260

Input Voltage Vin(V)

RP506K Vour=3.3V
MODE=“H” Forced PWM Control

55

——lout=1TmA

| ——Ilout=1000mA

| ——lout=2000mA

3.8 4.3

4.8
Input Voltage Vin(V)

5.3

3) Output Voltage vs. Ambient Temperature
K181A/B/D/E Vour=1.8V

RP506

1.830

1.820

1.810

1.800

1.790

Output Voltage V out(V)

1.780

1.770

—Vin=3.6V

-50 -25 0 25 50

Temperature Ta (°C)

75

100

1.820

1.815

1.810

1.805

1.800

1.795

Output Voltage V out(V)

1.790

1.785

1.780

2.53

RP506K Vour=1.8V

MODE=“H” Forced PWM Control

| ——lout=1mA
| ——lout=1000mA

| = lout=2000mA

3.544 5

Input Voltage Vin(V)

4) Feedback Voltage vs. Ambient Temperature

0.609
0.607
0.605
0.603
0.601
0.599
0.597

Feedback Voltage V s (V)

0.595
0.593
0.591

RP506K001C/F
——Vin=36V |
-50 25 0 25 50 75 100

Temperature Ta (°C)
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5) Efficiency vs. Output Current

RP506 Kxx1A/B/C Vour=1.2V RP506 Kxx1A/B/C Vour=1.8V
100 100 —— —_—
VIN=5.0V, VMODE=0V VIN=5.0V, VMODE=0V
90 I vin=3.6V, VMODE=OV ﬁ % || \ /;Z;—\
80 | I 80 tyn=3.6v, &/ 1/
70 | / 70 | VMope=0v /
{ 60| I, £ 60 /y
g = /
& 50t / / g 50 /
2 40 /3/ VIN=VMODE=5.0V | é 40 //K / | VN=VMODE=5.0V _|
w / w
30 | 30 /
/N, / / /\
20 | 7 0 20 | / /
w0l Y VIN=VMODE=3.6V 10 / v VIN=V/MODE=3.6V
<7 | | 4 4
[ el 0 — e =] 4 L ‘ L ‘
0.01 0.1 1 10 100 1000 10000 0.01 0.1 1 10 100 1000 10000
Output Current loyr(mA) Output Current loyr(mA)
RP506 Kxx1A/B/C Vour=3.3V
100
2 | \H T
VIN=4.3V/, L/
80 /|
VMODE=0V
70 | / //“\
;\? 60 | / VIN=5.0V, /, \
3 5 vmobe=ovV 7 \
5 / /'< VIN=VMODE=5.0V
S 40 7 /
e / y s \\
20 | Vil N
s /| VIN=VMODE=4.3V
10 7 >
0 =7 1L
0.01 0.1 1 10 100 1000 10000
Output Current loyr(mA)
RP506 Kxx1D/E/F Vour=0.6V RP506 Kxx1D/E/F Vour=0.8V
100 100
VIN=4.5V, VMODE=0V VIN=5.0V, VMODE=0V
90 | 90 |
Il ok . -
80 | VIN=3.6V, VMODE=OV = 80 7VIN 3.6V, VMODE=0V ﬁa
70 /( 70 + / /
£ 60| //‘ £ 60 | f /1
< ( < i
g 50 | / g 50 | /
3 3 [
& 40 / VIN=VMODE=4.5V & 40 | /  VIN=VMODE=5.0V
30 | 30 |
20 | / 20 | /
10 / VIN=VMODE=3.6V 10 / VIN=VMODE=3.6V
0 = ‘ ‘ . 0 e =— & ‘ ‘ .
0.01 0.1 1 10 100 1000 10000 0.01 0.1 1 10 100 1000 10000

Output Current loyr(mA) Output Current loyr(mA)
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RP506 Kxx1D/E/F Voutr=1.2V RP506
100
VIN=5.0V, VMODE=0V
90 I VIN=3.6V, VMODE=0V
80 | v
70 | /A
£ 60 i
o) /
3 50 /
S 40 VIN=VMODE=5.0V
=
w
30 /
20 | \
ol VIN=VMODE=3.6V
0 ‘ |
0.01 0.1 1 10 100 1000 10000
Output Current loyr(mA)
RP506Kxx1D/E/F Vour=3.3V
100
90 H‘ B -
V=43V, | A 7 |
80 _ / /
VMODE=0V / 1;
70 \ 1l / ) \
/ 7
£ 60 ,/ vn=s.ov, _y / \
> V/MODE=0V
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0 = T ‘
0.01 0.1 1 10 100 1000 10000

Output Current loyr(mA)

6) Supply Current vs. Ambient Temperature
RP506 K Vour=1.8V(Vin=5.5V) RP506
MODE=“L”PWM/VFM Auto Switching Control
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-50 0 50 100
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7) Supply Current vs. Input Voltage

K Vour=1.8V
MODE=“L”PWM/VFM Auto Switching Control
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8) Output Voltage Waveform
Kxx1A/B/C Vour=0.8V(Vin=3.6V)
=“L”PWM/VFM Auto Switching Control
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RP506Kxx1A/B/C Vour=3.3V(Vin=5.0V) RP506Kxx1A/B/C Vour=1.8V(Vin=5.0V)
MODE=“L”PWM/VFM Auto Switching Control MODE=“H” Forced PWM Control
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9) Oscillator Frequency vs. Ambient Temperature
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11) Soft-start Time vs. Ambient Temperature
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12) UVLO Detector Threshold/ Released Voltage vs. Ambient Temperature
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13) CE Input Voltage vs. Ambient Temperature
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15) Nch Tr. On Resistance vs. Ambient Temperature 16) Pch Tr. On Resistance vs. Ambient Temperature
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19) Load Transient Response
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RP506Kxx1A/B/C (Vin=3.6V, Vour=1.8V)
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RP506Kxx1A/B/C (Vin=5.0V, Vour=3.3V)
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RP506Kxx1D/E/F (Vin=3.6V, Vour=0.6V)
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Output Voltage V out (V)
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RP506Kxx1D/E/F (Vin=5.0V, Vour=3.3V)
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20) Auto Switching Control Waveform
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RP506Kxx1D/E/F (Vin=3.6V, Vour=1.8V, lour=1mA)
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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, firecontainment
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.

RICOH COMPANY,LTD. Electronic Devices Company

Electronic Devices Company

@ 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

Prof. W.H.Keesomlaan 1, 1183 DL Amstelveen, The Netherlands
P.0.Box 114, 1180 AC Amstelveen

Phone: +31-20-5474-309 Fax: +31-20-5474-791

RICOH ELECTRONIC DEVICES KOREA Co., Ltd.
11 floor, Haesung 1 building, 942, Daechidong, Gangnamgu, Seoul, Korea
Phone: +82-2-2135-5700 Fax: +82-2-2135-5705

RICOH ELECTRONIC DEVICES SHANGHAI Co., Ltd.
Room403, No.2 Building, 690#Bi Bo Road, Pu Dong New district, Shanghai 201203,
People's Republic of China

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

RICOH COMPANY, LTD.

Electronic Devices Company

@ Taipei office

Room108, 10F-1, No.51, Hengyang Rd., Taipei City, Taiwan (R.0.C.)
Phone: +886-2-2313-1621/1622 Fax: +886-2-2313-1623

HRicoh presented with the Japan Management Quality Award for 1999. HRicoh awarded 1SO 14001 certification.
Ricoh continually strives to promote customer satisfaction, and shares the achievements The Ricoh Group was awarded ISO 14001 certification, which is an international standard for
of its management quality improvement program with people and society. environmental management systems, at both its domestic and overseas production facilities.
e Our current aim is to obtain ISO 14001 certification for all of our business offices.
. -
http n //WWW. rlcoh - co m/LS I/ Ricoh completed the organization of the Lead-free production for all of our products.
@ O After Apr. 1, 2006, we will ship out the lead free products only. Thus, all products that
RICOH COMPANY, LTD. Complion‘r will be shipped from now on comply with RoHS Directive.
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