RICOH

Synchronous Step-down DC/DC Converter with VD and VR

NO.EA-156-121225

OUTLINE

The RP901xxxx is a CMOS-based current mode PWM control synchronous step-down DC/DC converter with a
voltage detector (VD) and an LDO regulator (VR).

Each of Step-down DC/DC converters is composed of an oscillator, a voltage reference unit, an error amplifier, a
switching control circuit, a soft-start circuit, a protection circuit, a UVLO circuit, a switching transistor. Due to the
switching elements are built in and synchronous control, a high efficiency step-down DC/DC converter can be
made with an inductor and capacitors. To realize high efficiency at light load, automatic PWM/VFM alternative
mode can be selected other than the PWM fixed control mode.

As protection circuits, a current limit circuit which limits Lx peak current cycle by cycle and a hiccup mode
protection circuit which works if the load current over the limit continues for a certain time™ are built in. The output
voltage can be preset with 0.05V step in the factory due to the built-in feed back resistance, and the tolerance is
+2%. Since the package is DFN (PLP) 2527-10, high density mounting on board is possible.

Built-in LDO regulator (VR) is composed of a voltage reference unit, a voltage detecting resistor-network, an
error amplifier, a short current limit circuit, and a driver transistor. After the soft-start time of the DC/DC converter
is over and a specified delay time, LDO starts up. The sequence function is fixed internally*z.

Built-in voltage detector (VD) supervises the input voltage or the output of the VR (The reset function works for
UVLO and over-current of the DC/DC converter). The option is preset in the factory. The output type is N-channel
open drain. The released delay time is built-in, typ.50ms.

If the junction temperature of the IC is over the limit, the system is reset by the built-in thermal shut-down circuit.

*1) Aversion: As soon as the load current is over the limit, the system restarts by the protection.

*2) C, D versions: No sequence function

FEATURES
° |nput Vo|tage Range ................................................. 45V to 5.5V
° Supp|y CUIMTENT e rrrrrrrrrrrara e e Typ 460uA (at PWM mode)

Typ. 170pA (at light load applied to B, C, D versions)
Step-down DC/DC Converter

e Output Voltage Range -« 1.2V to 1.8V, preset is possible by user’s request
e Output Voltage TOIBrance -« -wveeeeriemniniiieinn, +204
o OSCillator FreqUENCY -+« - «-wweeeeeseniesisieisie Typ. 1.2MHz
o Built-in driver ON resistance e, Typ. P-channel 0.25Q, N-channel 0.25Q (at Vi\=5V)
o SOft-Start fUNCHION -+« rrrrrrerrrirrrriii e Typ. 1ms
o Lx peak current limit function---«-----eeemerriinnnnninnn, Typ. 1.4A (D version: 1.5A)
@ OULPUL CUITENE s eeeseeesesieesieie i, Min. 800mA (D version: 900mA)
o Protection Delay Time « e Typ. 0.1ms (applied to B, C, D versions)
© UVLO TUNCHION wrevrrrrrrrermmmiiiiiiiiiii i Typ. 3.5V
o Chip enable FUNCHON -++++eseereeerirerisinrieis "H” active
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LDO Regulator

o QOutput Voltage Range e 2.5V to 3.3V, preset is possible by user’s request

e Output Voltage Tolerance ««««««« e, +1.0%

° OUtpUt CUrIrent ««sev v Min. 600mA

o Start-up delay time oo Typ. 2ms (applied to A, B versions)

¢ Auto-Discharge function at turning off -«««--ooooveeenen Discharge resistance Typ.50Q (at Vi\=5V)

VD

¢ Voltage Detector Threshold Range ««-««««-oooveveeennen 2.0V to 3.0V, preset is possible by user’s request

(A version: VR output voltage is supervised),

3.0V to 5.0V, preset is possible by user’s request
(B, C, D versions: Input voltage is supervised)

o Released Delay Time:: . v, Typ.50ms

e Thermal shutdown CIrCUit: -« v Detecting Temperature: Typ. 165°C,
Released temperature: Typ. 110°C

@ PACKAQE +++wverereesie e DFN(PLP)2527-10

o External CoOmpPONENtS - crrrrerrreenniiiii Cin=10.0uF, Couyr1=10.0pF, L=4.7uH (DC/DC),
Cour2=2.2uF(VR)

APPLICATION

¢ Optical Disk Equipment
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BLOCK DIAGRAMS
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SELECTION GUIDE

In the RP901 series, the output voltage combination and function can be designated.

The selection can be made by the alphanumeric serial number as the next example.

Product Code Package Units/ 1 reel Pb free Halogen free
RP901Kxxx*-TR DFN(PLP)2527-10 5,000pcs Yes Yes

xxx: Serial number to describe the voltage combination of DC/DC converter, voltage regulator, and
voltage detector.

*: Function version

A version: DC/DC control type is PWM-fixed, without protection delay time, output current Min.
800mA, VR has start-up delay time to make a sequence. VD supervises the output of VR (Reset is
output at UVLO and over current of DC/DC)

B version: DC/DC control type is PWM/VFM automatic mode shift, with protection delay time,
output current Min. 800mA, VR has start-up delay time to make a sequence. VD supervises the input
voltage.

C version: DC/DC control type is PWM/VFM automatic mode shift, with protection delay time,
output current Min. 800mA, VR: without delay time to make a sequence, VD supervises the input
voltage.

D version: DC/DC control type is PWM/VFM automatic mode shift, with protection delay time,
output current Min. 900mA, VR: without delay time to make a sequence, VD supervises the input
voltage.

PIN CONFIGURATION

DFN(PLP)2527-10

Mark Side Bottom Side
R T T R S 9| |10
GRERERERE
ERREIREYRFTE 5] [«] ]3] [2] |-

Steam via
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PIN DESCRIPTIONS

Pin No. Symbol Description
1 CE Chip Enable Pin ("H” active)
2 Vpout VD Output Pin (N-channel open drain output)
3 AGND Analog Ground Pin
4 PGND Power Ground Pin
5 Lx DC/DC Switching Pin
6 PVDD Power Supply Input Pin
7 NC No connection
8 Vouri DC/DC Output Pin
9 AVDD Analog Power Supply Input Pin
10 VouT?2 VR Output Pin

The backside of the package tab is connected to the substrate of the IC (GND). Connect to GND pin
(Recommendation), or solder the tab and left open electrically.
Make short 3pin and 4pin, and make short 6pin and 9pin.

ABSOLUTE MAXIMUM RATINGS

(GND=0V)

Symbol Item Rating Unit
Vi AVDD Pin Voliage 65 v
Vce CE Pin Voltage -0.3t06.5 V
Vix Lx Pin Voltage -0.3toViy+ 0.3 \Y/
VouTt1 Vourl Pin Voltage -0.3to V)y+0.3 V
Vour2 Vout2 Pin Voltage -0.3toV)y+0.3 \%
VbouT Vpout Pin Voltage -0.3t06.5 V

Py Power Dissipation* Q) 1750 (Ta=25°C, Tjmax=150°C) Y

2 1138 (Ta=25°C, Tjmax=150°C)

Ta Tgnggre?g?l?re -40 10 +85 °C
Tstg Storage Temperature -55to +125 °C

I " For more information about Power Dissipation and Standard Land Pattern, 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.

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

Unless otherwise specified, the measurement is done by an open loop circuit. Unless otherwise specified, VIN=VCE=5V,
AGND=PGND=0V.

RP901xxx
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vin Operating Input Voltage 4.5 5.5 \%
VlN:VCE:5-5V
Iss1 Supply Current 1 Vourl=Veer x 0.8 460 pA
| Supply Current 2 ViN=Vce=5.5V 170 A
$$2 | (applied to B/C/D version) | Vourl=Vser x 1.2 H
Vin=5.5V A version 1.0
Istandby | Standby Current INT> 5.0 A
Vee=0V B/C/D version 2.0 H
Vcen CE Input Voltage "H” 1.0 V
Vel CE Input Voltage "L” 0.3 V
Thermal Shutdown : o
Ttsp Detector Temperature Junction Temperature 165 C
Thermal Shutdown : o
Ttsr Release Temperature Junction Temperature 110 C
DC/DC SECTION (Ta=25°C)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vout1 Output VOItage 1 Vin=5V -2.0% +2.0% \Y
AVour: |Output Voltage 1 o o ppm/
/ATa Temperature Coefficient -40°C = Ta = 85°C *150 °C
fosc Oscillator Frequency Vin=5V -20% | 1.2 | +20% | MHz
lixieakH  |Lx Ieakage Current “H” Vin=V.x=5.5V, V=0V -1.0 0.0 5.0 },LA
lxteak.  |Lx leakage Current “L” Vin=5.5V, V=V x=0V -5.0 0.0 1.0 pA
P-channel transistor _ _
Rone ON resistance ViN=5Y, [ x=-100mA 0.25 Q
N-channel transistor _ _
Ronn ON resistance ViN=5V, I x=-100mA 0.25 Q
Maxduty |Maximum Duty Cycle 100 %
tstart Soft-start Time Vin=Vce=5V 1.0 ms
o A/B/C version 1.0 1.4
ILXLIM Lx Current Limit V|N:VCE=5V - A
D version 1.1 1.5
) ) A version 0.0
tprot Protection Delay Time ViN=Vce=5V - ms
B/C/D version 0.1
Vuvio1 UVLO Detector Threshold ViN=VcE 3.40 3.50 3.60 V
Vuvio2 UVLO Release VOItage VIN=VcE 3.63 3.73 3.83 V

All test items listed under ELECTRICAL CHARACTERISTICS are done under the pulse load condition (Tj=Ta=25°C)
except Thermal Shutdown.
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VR SECTION (Ta=25°C
Symbol Parameter Conditions Min. | Typ. | Max. [ Unit
Vourz |Output Voltage 2 ViN=5VY, lout=1mA -1.0% +1.0%| V

ILim2 Current Limit 2 600 mA
lsss Supply Current 3 Vin=Vce=5.5V 60 pA
AVour2 || 5ad Regulation 1MA < lour, < 400mA 40 | 80 | mv
IAlouts
AVoutz |Output Voltage 2 o o Ppm
/ATa Temperature Coefficient -40°C < Ta = 85°C +50 /°C
Isc Short Current Limit Vout2=0V 70 mA
Tur : - Start from the finish moment of soft
(A/B version) Start-up Timing Delay start-time of DC/DC converter 2.0 ms
Tvr . Start from UVLO release moment
(C/D Version) Start-up Delay of DC/DC converter 50 Hs
For auto discharge
Riow at off, N-channel Tr. Vin=5V, Vce=0V 50 Q
ON resistance
VD SECTION (Ta=25°C)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
-Vper VD Detector Threshold -2.0% +2.0% \/
A-Vper | VD Detector Threshold o o ppm
/ATa Temperature Coefficient -40°C < Ta = 85°C +40 /°C
; -Vper
Vhvs Hysteresis Range % 0.05 V
TeLn VD Release Delay Time 50 ms
IbouTL Vpout "L” OUtpUt Current [V|n=2.0V, Vpout=0.1V 1.0 4.0 mA
All test items listed under ELECTRICAL CHARACTERISTICS are done under the pulse load condition (Tj=Ta=25°C)
except Thermal Shutdown.
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TYPICAL APPLICATION AND TECHNICAL NOTES

VOD
F1
* * AVDD VDOUT P YDOUT
PYDD VouT1
CE_control L1
< CE Lx 00 l—b VouTT
PGND VouT? * - VOLUT2
AGND
I N 6 I
777 777 7

External Components Recommendation

Inductor L1: 4.7uH (A/B/C Version VLF4014AT-4R7M1R1 TDK)
4.7uH (D Version VLF4014ST-4R7M1R4 TDK)

Pull-up Resistance R1: 50k Q

Capacitors C1: 10uF Ceramic capacitor (C2012JB0J106K TDK)

C2: 2.2uF Ceramic capacitor
C3: 10uF Ceramic capacitor (C2012JB0J106K TDK)

TECHNICAL NOTES ON EXTERNAL COMPONENTS

e Place all the external components as close as possible to the IC and make the wiring length as short as
possible. Especially, the capacitor between V,y and GND must be as close as possible to the IC. If the
impedance of the power supply and ground is high, the power level of the IC may shift by the switching current
and the operation may unstable. Make the power line and the ground line sufficient. Through the power line,
the ground line, inductor, Ly pin, Vourline, large current may flow by switching, therefore fully consideration is
necessary. The wiring between Vour pin and the inductor, and load and Voyr pin must be separated.

e PVDD and AVDD must be short and make them close as possible. Place a capacitor as close as possible to
PVDD. If the distance between AVDD and PVDD is long, add another 0.1uF capacitor between AVDD and
GND.

e Capacitance value between VDD and GND should be 10uF or more and use a low ESR ceramic capacitor.
Use a ceramic capacitor for Vouri pin, and the capacitor should be 10uF or more. Use a ceramic capacitor for
Vour2 Pin, and the ceramic capacitor should be 2.2uF or more.

e Choose an inductor with low DCR, and enough permissible current and which is hard to reach magnetic
saturation. If the inductance value is too small, at the maximum load, the current flows through Lx transistor
and inductor may be beyond the absolute maximum rating. Choose an appropriate inductance value.

e If the spike noise of Lx pin is large, place a snubber circuit between Lx and GND (CR serial connection, etc.) to
reduce the spike noise. Time constants of CR depend on the actual PCB and decide with the evaluation of the
PCB.

* The performance of the power circuit with the IC depends on the peripheral circuits. In terms of the external
components, PCB pattern, and IC, the peripheral circuit should be designed not to exceed beyond ratings
(voltage, current, power).
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STEP-DOWN DC/DC CONVERTERS’ OPERATION AND OUTPUT CURRENT

This explanation is about the general step-down DC/DC converters’ operation.

In the step-down DC/DC converter, when the Lx transistor turns on, at the same time, energy is accumulated
into an inductor and when the transistor turns off, the current accumulated in the inductor is released and
averaged, then make the energy loss reduced and the output voltage lower than the input voltage is supplied.

{Basic Circuit) {Current flows L)

ILmax

vin[ }—o0
Pch Tr

Nch Tr

D ' D GND : ton ’ toff

T=1/fosc

‘I

Stepl. P-channel transistor turns on, current IL=il, energy is charged into L, CL is charged and the output
current loyris supplied. While the P-channel transistor turns on (ton), and in proportion to IL=il is from
IL=ILmin=0 increases and reaches to ILmax.

Step2. P-channel transistor turns off, L keeps IL=ILmax, and turns on the N-channel transistor, current IL=i2

flows.

Step3. IL=i2 decreases gradually, after topen, IL=ILmin=0 and N-channel transistor turns off.

However, if the cycle is continuous mode, before IL=ILmin=0, torr time becomes nothing, the next cycle
starts and the P-channel transistor turns on, and the N-channel transistor turns off. In this case, ILmin
>0 and charge is remained, and charge is increased from IL=ILmin >0.

In the PWM control, the number of switching in a second (fosc) is fixed, and toy is controlled and the output
voltage is constantly maintained.

The step-down operation is constant and stable, the current flows through the inductor’s maximum value (ILmax)
and the minimum value (ILmin) is same as when the P-channel transistor turns on and off as described above.
Supposed that the difference between ILmax and ILmin is Al,

Al = ILmax — ILmin = Voyr X topen / L = (VIN = VOUT) X ton / L eerreem, Formula 1

Thus,
T=1/fosc = ton + tore
duty (%) =ton /Tx100 = ton X fosc x 100

toren torr

The left side of the equation describes the current level at turning on, and the right side of the equation describes
the current level at turning off.
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OUTPUT CURRENT AND SELECTION OF EXTERNAL COMPONENS
In the general step-down DC/DC converters, the relation between the output current and external
components is described as below:

(Supposed that the peak to peak value of the ripple current is “ Igp “, On resistance of the Ly transistor, P-channel
transistor, N-channel transistor is respectively described as “Ronp” and “Ronn “, inductor’s DCR is described as
“RuY)

Supposed that the time when Ly P-channel transistor turns on is described as “ ton",

Vin = Vour + (RONP + RL) X lout + L X Igp / ToN Formula 1

Supposed that the time when Ly P-channel transistor turns off (N-channel transistor turns on) is described as

torF '

L X Igp / tope = (RONN + RL) X lour + VouUT oo, Formula 2

Using Formula 1 and Formula 2, and On duty of the P-channel transistor, toy /(ton + tore)= Doy is solved,
Don =(Vout + Ronn X lout + RL X lout) / (Vin — Rone X lout + Ronn X lout) oeeeeeeeeeeeeees Formula 3

Ripple current is
lre = (Vin = Vour — Rone X lout = R X lout) X Don / foge /L Formula 4

Then the peak current through the inductor and Ly transistor,
ILMAX = lour F IRp/ 2 correerreeeere Formula 5
Decide the peripheral circuits with considering ILmax and input and output conditions.

* The calculation is based on the ideal operation of the PWM continuous mode.
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TIMING CHART (A Version)
(1) Start-up and shutdown by detecting UVLO

VuvLo2

CE VuvLol
AVDD

PVDD Voltage \
—_— Soft-start time

>

VouT1 voltage

Lx voltage

(-Vdet+Vhys)
-Vdet

Vour2 voltage / \

VR|delay time

VD
Release delay

dme 5

VpouT voltage

AN

Timing chart of the power supply voltage change and DC/DC converter, VD, and VR can be explained as below:

(1) DC/DC converter

Power supply is forced and when VDD voltage increases, if VDD voltage is equal or less than the UVLO
release voltage (VUVLOZ2), the operation of DC/DC converter stops and switching is halted, therefore the voltage,
VOUT1 does not rise. When the VDD voltage becomes equal or more than UVLO release voltage, the DC/DC
converter starts soft-start and switching begins and the voltage, VOUTL1 rises. After the soft-start time, VDD
voltage becomes set equal or more than VOUTL1 voltage, VOUT1 voltage becomes set output voltage. When
VDD voltage becomes eual or less than UVLO detector threshold (VUVLO1), DC/DC converter stops switching
and turns off the Lx transistor inside the IC.

(2)VR
After the soft-start time of the DC/DC converter, VR starts up with delay time. The operation stops when VDD
voltage becomes equal or less than UVLO detector threshold (VUVLO1), then auto-discharge function starts.

(3)VD

When VOUT?2 voltage becomes equal or more than VD detector threshold voltage + hysteresis width (-VDET
+ VHYS), after the VD release delay time (TPLH), N-channel transistor of the IC turns off, VDOUT pin is pulled up
with an external resistance and becomes pull-up voltage. When VDD voltage becomes equal or less than UVLO
detector threshold (VUVLOL1), then N-channel transistor of VDOUT pin turns on and VDOUT pin outputs "L”".
(Depending on VOUT1 or VOUTZ2, VDOUT pin outputs “L". Refer to the timing chart. )
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(2) Start-up and Turning off by detecting over current of DC/DC converter

VuvLo2

CE VuvLol
AVDD
PVDD Voltage
A
ILXLIM “
\\ ____________
Auto release timd
> <
louTl
Soft-start time Soft-start time
| < >
VouT1iwvoltage
Lx voltage “

(-vdet+Vhys) \

-Vdet \
Vourt2 voltage \

VIR delay time VR delay time
> € -=>| <
VD VD
Belease del§¥ me lReIease dela&/
Vbout voltﬁe\ ime
|

Timing chart of DC/DC converter output change by load, VD and VR can be explained as below:

(1) DC/DC converter
When LX peak current (IOUT1) is beyond the current limit (ILXLIM),” the protection circuit operates and
switching stops and Lx transistor inside the IC turns off and restarts after a certain time.
*1) During soft-start time, if IOUT1 is beyond ILXLIM, the protection circuit does not work.

(2)VR
When the DC/DC converter stops and at the same time, VR operation stops and auto-discharge function
operates. To release it, after the soft-start time of the DC/DC converter, VR starts up with delay.

(3)VD

When the DC/DC converter stops and at the same time, the N-channel transistor of VDOUT pin turns on,
VDOUT pin outputs “L”. To release it, when VOUT?2 voltage becomes equal or more than VD detector threshold
+ hysteresis width (-VDET + VHYS), after VD release delay time (TPLH) the N-channel transistor inside the IC
turns off and VDOUT pin becomes pull-up voltage by an external resistance.
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(3) Start-up and Turning off by VR output decrease

VuvLo2

CE VuvLo1
AVDD

PVDD Voltage
Soft-start time
>
VouT1 voltage
Lx voltage “ M
(-Vdet+Vhys) \ [
-Vdet
Vourt2 voltage /
VR delay time
> &
VD VD
Eelease delzg g_ielease delgg
VpourT voltage time time
]

Timing chart of turning off by VR output voltage decreases, DC/DC converter, VD and VR can be explained as
below:

(1) DC/DC converter

DC/DC converter operates regardless of the operation of VR.

(2)VR
Since the short current limit is built-in, if the output is short to the GND or over- current flows, the output
decreases with current limit. If the over current is released and set output voltage appears.

(3)VvD
If VOUT2 becomes equal or less than VD detector threshold (-VDET), N-channel transistor of VDOUT pin
turns on and VDOUT pin outputs "L". To release VD, when the voltage of VOUT2 becomes equal or more
than VD detector threshold+hysteresis width (-VDET + VHYS), after VD release delay time (TPLH), the
N-channel transistor inside the IC turns off, VDOUT pin becomes pull-up voltage by an external resistance.
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TIMING CHART (B Version)

(-vVdet+Vhys) \ / \

-Vdet

VuvLo2

CE VuvLo1
AVDD
PVDD voltage

Soft-start Time

< rd

VourT1 Voltage

Lx Voltage
VD VD
Release delay Release delay
Vpout voltage, Time time

Vout2 voltage

VR Release delay time

Timing chart with Power supply change and DC/DC converter, VD and VR can be explained as below:

(1) DC/DC converter

Power supply is forced and VDD voltage increases, and if VDD voltage becomes equal or less than UVLO
release voltage (VUVLO2), DC/DC converter operation stops and becomes no switching, therefore, VOUT1
voltage does not rise. When VDD voltage becomes equal or more than UVLO release voltage, the DC/DC
converter starts soft-start and switching starts and VOUT1 voltage rises. After the soft-start time, if VDD voltage
becomes equal or more than VOUT1 set voltage, VOUT1 voltage becomes set output voltage. When VDD
voltage becomes equal or less than UVLO detector threshold (VUVLOL1), the DC/DC converter stops switching
and Lx transistor inside the IC turns off.

(2)VR
After the soft-start of DC/DC converter, VR starts up with delay. When the voltage of VDD becomes equal or
less than UVLO detector threshold (VUVLO1), the operation stops and auto-discharge function starts.

3)VD
( )VD operates regardless of the DC/DC converter, VR, thermal shutdown circuit, and chip-enable function. If
the voltage of VDD becomes equal or less than VD detector threshold (-VDET), N-channel transistor of VDOUT
pin turns on and VDOUT pin outputs "L". Then, when the voltage of VDD becomes equal or more than VD
detector threshold hysteresis width (-VDET + VHYS), after VD release delay time(TPLH), N-channel transistor
inside the IC turns off and VDOUT pin becomes pull-up voltage by an external resistance.
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TIMING CHART (C/D Version)

(-Vdet+Vhys) \ / \

-Vdet

VuvLo2

CE VuvLo1
AVDD
PVDD Voltage

Soft-start time

<

VouT1 voltage

Lx voltage

VD VD
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VDouT V0|t§_€ time time
! L
VouT2 voltage
> <
30-40ps

Timing chart of the power supply change, DC/DC converter, VD, VR can be explained as below:

(1) DC/DC converter

Power supply is forced and when the voltage of VDD rises, the voltage of VDD is equal or less than UVLO
release voltage (VUVLOZ2), DC/DC converter’s operation stops and becomes no switching, therefore the voltage
of VOUT1 does not rise. When the voltage of VDD becomes equal or more than UVLO release voltage, DC/DC
converter starts soft-start and switching begins and the voltage of VOUT1 rises. After soft-start time, if the voltage
of VDD becomes equal or more than the set VOUT1 voltage, the output of VOUT1 becomes set output voltage.
When the voltage of VDD becomes equal or less than UVLO detector threshold (VUVLO1), DC/DC converter
stops switching, Lx transistor inside the IC turns off.

(2) VR
When the voltage of VDD becomes equal or more than UVLO release voltage, after the 30us to 40us or around,
VR starts up. (Cout=2.2uF)
If the voltage of VDD becomes equal or less than UVLO detector threshold (VUVLO1), the operations stops and
auto-discharge function operates.

(3)VvD

VD operates regardless of DCDC, VR, thermal shutdown circuit, chip-enable function. When the voltage of
VDD becomes or less than VD detector threshold (-VDET), N-channel transistor of VDOUT pin turns on, VDOUT
pin outputs "L". Then when the voltage of VDD becomes equal or more than VD detector thresholdO hysteresis

width (-VDET + VHYS), after VD release delay time (TPLH), N-channel transistor inside the IC turns off, VDOUT
pin becomes pull-up voltage by an externa resistance.
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TEST CIRCUITS
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2 E
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TYPICAL CHARACTERISTIC

(unless otherwise specified, characteristics of C, D Version are same as B Version)

1) DC/DC output voltage vs. output current
Version comparison

Vour1=1.2V VDD=5.0V

VouT1=1.8V VDD=5.0V

1.23 ——rrr 1.84 T
A_Ver. A_Ver.
1.22 B_Ver.|| 1.83 B_Ver.[]
= _ 182
=121 | 2 La1
g 1.20 ;—ﬁ-‘:::‘:ﬁ g 1.80 — B -.%
3 5
=3 1.79
E 119 | £
© 178
1.18 |
1.77
1.17 1.76
1 10 100 1000 10 100 1000
Output Current [mA] Output Current [mA]
Input voltage comparison
VouTr1=1.5V A_Ver. Vout1=1.5V B_Ver.
153 TTTT T T T TTTT 153 TTTT T  —— — —
VDD=4.5V VDD=4.5V
152 VDD=5.0V || 1.52 VDD=5.0V ||
VDD=5.5V VDD=5.5V
=151 | 2 151
g 3
8 ——— i e
= e = 2o
S 1.50 | i "SR S 1.50 P
H I 3
5 149 | £ 1.49
(o] (@]
1.48 1.48
1.47 1.47
1 10 100 1000 10 100 1000
Output Current [mA] Output Current [mA]
2) DC/DC output voltage vs. Input voltage
VouT1=1.2V [ouT1=200mA Vout1=1.8V IouT1=200mA
1.23 1.84
1.83
1.22 |
_ 182
=) >
5 1.21 v 181
g g
g 1.20 g 1.80
g 1.19 g 179
>3 . >
o]
© 1.78
1.18 | 1.77
1.17 1.76
4.4 4.6 4.8 5.0 5.2 5.4 5.6 4.8 5.0 5.2 5.4 5.6
Input Voltage [V] Input Voltage [V]
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3) Efficiency vs. Output current
(1) Version comparison

100
90
80
70
60
50
40
30
20
10

0

Efficiency n [%]

100
90
80
70
60
50
40
30
20
10

0

Efficiency n [%]

Vour1=1.2V VDD=5.0V

7
rd N
I A_Ver.
B_Ver.||
1 10 100 1000
Output Current [mA]
(2) Input voltage comparison
VouT1=1.5V A_Ver.
i It
/
I VDD=4.5V
= VDD=5.0V
VDD=5.5V
1 10 100 1000

4) Standby Current vs. Temperature

Output Current [mA]

Vour1=1.5V Vour2=3.3V VDD=5.5V

Efficiency n [%]

Efficiency n [%]

100
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80
70
60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

Vour1=1.8V VDD=5.0V

h....
__
//
/ A_Ver.
B_Ver.||
I I I T TTT7
1 10 100 1000
Output Current [mA]
Vout1=1.5V B_Ver.
i i Y
| /z
VDD=4.5V
VDD=5.0V
VDD=5.5V
1 10 100 1000

Output Current [mA]

5) Supply Current 1, 2, 3 vs. Temperature

Vour1=1.5V Vour2=3.3V VDD=5.5V

3.0 T 600
A_Ver.

25 B_Ver. 500 |
So0 | S 400 |
§ § :222 B_V ly)
5 15 | S 300 _Ver.only)l
O - o ISS3
> >
Q. Qo
210 | S 200 |
(7] ]

i / 100

—
0.0 0 ‘ ‘
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
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6) DC/DC output voltage vs. Temperature

Vout1=1.2V VDD=5.0V VOuT1=1.8V VDD=5.0V
123 1.84
1.22 183 |
= 1.82 |
% 121 >
i §1.81 3 /——
S 120 S 1.80 /
2 5
g 119 | g 179 |
o)
178 |
1.18
177 |
1.17 1.76
S0 25 0 25 5 75 100 50 25 0 25 50 75 100
Temperature (°C) Temperature (°C)
7) Oscillator frequency vs. Temperature 8) Oscillator frequency vs. Input voltage
VouT1=1.5V VDD=5.0V VouT1=1.5V  10UT1=200mA
1350 1350
1300 | 1300 |
§ 1250 | ’ET 1250 - /
X =
g /—— g
2 1200 —~ & 1200 |
g \ g
g g
T 1150 T 1150 |
1100 | 1100 |
1050 1050
-50 25 0 25 50 75 100 4.4 4.6 4.8 5 5.2 5.4 5.6
Temperature (°C) Input Voltage (V)
9) Soft-start time vs. Temperature 10) UVLO detect / release voltage
vs. Input voltage
VouT1=1.5V VDD=5.0V VouT1=1.5V
1.4 4.0 T T i T
UVLO Released Voltage
13 3.9 UVLO Detector Threshold—
— . 38
£ S
gl2r § 37
= S
% \__// s 36
% 11 5
=
@ =35 |
1.0
34 |
0'9 3.3
50 25 0 25 50 75 100 0 25 0 25 50 75 100
Temperature (°C) Temperature (°C)
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11) CE Input voltage vs. Temperature 12) P-channel/N-channel Tr. ON resistance
vs. Temperature
VouT1=1.5V VDD=5.0V VouT1=1.5V VDD=5.0V
1.0 0.5 ‘ ‘
Pch Tr.
< Nch Tr.
<08 | —— 0.4
% \ ~
= G
S %
2 06 | g o3 |
2 g
£ 04 | g 02 | =——
- jo
5 o)
g
w 02 | 01 |
(@)
Temperature (°C) Temperature (°C)
13) Lx Current limit vs. Temperature 14) Protection delay time vs. Temperature
(Version comparison) (Version comparison)
VouT1=1.5V VDD=5.0V VouT1=1.5V VDD=5.0V
2000 ‘ 0.30 | |
B_Ver. A Ver,
D_Ver. 0.25
1800 — a B_Ver.
g s 0.20
= g U B
= —
% 1600 \\ ';. \
5 \\ 2 015 |
O o
£ 1400 | \\ S
4 5 010 |
> [~ 3
a S
1200 & 005 |
1000 0.00
.50 .25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
15) VR Output voltage vs. Temperature
Vour2=2.5V lout2=1mA VDD=5.0V VouTt2=3.3V lout2=1mA VDD=5.0V
2.54 3.34
2.53 333 |
~ 252 332 |
2 S
» 251 | @ .
) §3.31
= = B
g 250 \ g 3.30 \
2 249 | 2320 |
5 =
O >
2.48 o 3.28 L
2.47 | 3.27 L
2.46 3.26
-50 25 0 25 50 7 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
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16) VR Output voltage vs. Output current

Vour2=2.5V VDD=5.0V Vour2=3.3V VDD=5.0V
3.0 ‘ ‘ 4.0 T T
: :
| |
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5 5
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0 200 400 600 800 0 200 400 600 800
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17) VD detect/ release voltage vs. Temperature (Version comparison)

-VDET=3.0V (A_Ver.) -VDET=3.0V (B_Ver.)
33 T T T 33 I T T
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18) Vpout "L" Output current vs. Temperature 19) Release delay time vs. Temperature
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20) DC/DC Output voltage waveform (Version comparison)
(Cin=Ceramic 10uF, CouT1= Ceramic 10uF, L=4.7uH, Vpp=5.0V)

A Version
VouT1=1.2V lout1=10mA A_Ver. Vour1=1.2V louT1=400mA A_Ver.
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B Version
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Voutr1=1.8V lout1=10mA B_Ver.

VouT1=1.8V IouT1=400mA B_Ver.
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21) VouTi, VourTz2 start-up waveform (Version comparison)
(Cin=Ceramic 10uF, CouT1= Ceramic 10uF, Cout2= Ceramic 2.2uF, L=4.7uH)
A, B Version
VouT1=1.2V Vourt2=2.5V VouT1=1.8V Vourt2=3.3V
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Time [ms] Time [ms]
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22) VbouT Release Delay Waveform (Version comparison)
(Cin=Ceramic 10uF, CouT1= Ceramic 10uF, Cout2= Ceramic 2.2uF, L=4.7uH)

VouT2=2.5V -VDET=2.0V A_Ver.

-VDET=3.0V B_Ver.
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23) DC/DC Load transient response (Version comparison)
(Cin=Ceramic 10uF, CouT1= Ceramic 10uF, L=4.7uH , VDD=5.0V)
A Version, VouT1=1.5V
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1.5V louT1=720mA to 80mA
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VOUT1=1.5V 10UT1=80mA to 720mA VouT1=1.5V IouT1=720mA to 80mA
1.55 ‘ ‘ 2000 1.65 ‘ ‘ ‘ 2000
1 1 1 1 1
| | | | |
1.50 ‘ 1600 1.60 ! ! ' 1600
s 1 1 T s 1 1 1 <
0 145 f f 1200 2 $155 f f f 1200 =
8 I I 3] 8 I I I o
S 1 1 3 3 1 1 1 3
5 140 | | , {80 5 32150 L ety i 800 5
5 T i i=3 5 | | | Is;
=} o =)
3 [ | 3 : ] 8
135 —— Output Voltage 400 145 ; —— Output Voltage 400
—— Output Current } —— Output Current
1.30 L[ 0 1.40 ‘ S — 0
0 20 40 60 80 100 0 20 40 60 80 100
Time [us] Time [us]
24) VR Load transient response (DC/DC load current comparison)
(Cin=Ceramic 10uF, CouTt2= Ceramic 2.2uF, VDD=5.0V)
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POWER DISSIPATION-(1) / DFN(PLP)2527-10

DFN(PLP)2527-10 package power dissipation characteristic is shown below.
The power dissipation depends on the conditions of the mounting on PCB and this is just an example.

Test conditions

Standard Mounting on Board Condition

Test Condition

Mounting on board (Wind velocity Om/s)

Board material

Glass Epoxy Resin (4-layer)

Board dimensions

35mm x 90mm x 0.8mm

Wiring ratio

Each layer 15%

Cupper wire thickness

Top/Bottom layer: 35um, Middle layer: 18um

Through holes

9(¢0.3mm) package tab connection land pattern,
from top to bottom
10 (@0.5mm) for each pin connection

Measurement result

(Ta=25°C)

Standard Mounting on Board Conditions

Power Dissipation

1400mW (Tjmax=125°C)
1750mW (Tjmax=150°C)

Thermal Resistance

0ja = (125-25°C) / 1.4W  71°C /W

90

iy

oo
L
il

2000 \
s 1750
£ N
2 1500 ///
:1400 |
& L 910 -
< 1000
s .
© N
7 7 - 5
£ 500 560 f~——
CTJ M h -
= LR ~
8 0 ~ . W
85
0 25 50 75 100 125 150

Temperature (°C)

Power Dissipation Characteristic

Test board layout

IC mount position (Unit : mm)

* The hatched area usage has some impact on the product life time. The time for the usage of the hatched area
should be less than 13,000 hours. If four hours a day, the product is used, the time limit is 9 years.
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POWER DISSIPATION-(2) / DFN(PLP)2527-10

DFEN(PLP)2527-10 package another typical characteristic is shown below.

Test Conditions

Mounting on Board Conditions (2)

Test condition

Mounting on Board (Wind Velocity 0m/s)

Board material

Glass Epoxy Resin (Printed on both sides)

Board dimensions

40mm x 40mm x 1.6mm

Wiring ratio

Top side 50%, Bottom side 50%

Through holes

Diameter 0.54mm x 30 pcs

Measurement result

(Ta=25°C)

Mounting on Board Conditions (2)

Power dissipation

910mW (Tjmax=125°C)
1138mW (Tjmax=150°C)

Thermal resistance

0ja = (125-25°C) / 0.91W = 110°C /W

1500

1000

500

Power dissipation Po(mW)

40

e L L S - | ____

Power Dissipation Characteristic

Temperature(°C)

Test Board Layout

.-

.}IC mount position (Unit: mm)

*Tjmax=125°C and Tjmax=150°C Power dissipation charactetristics are shown in the graph. The hatched area

usage has some impact on the product lifetime. Time limit is described in the next table.

Time limit Product life time
(4hours/day usage)
13,000 hrs 9 years

Ver. 2.5
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1.The products and the product specifications described in this document are subject to change or
discontinuation of production without notice for reasons such as improvement. Therefore, before
deciding to use the products, please refer to Ricoh sales representatives for the latest information
thereon.

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

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

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

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

6. We are making our continuous effort to improve the quality and reliability of our products, but
semiconductor products are likely to fail with certain probability. In order to prevent any injury to
persons or damages to property resulting from such failure, customers should be careful enough to
incorporate safety measures in their design, such as redundancy feature, fire containment feature and
fail-safe feature. We do not assume any liability or responsibility for any loss or damage arising from
misuse or inappropriate use of the products.

7. Anti-radiation design is not implemented in the products described in this document.

8.Please contact Ricoh sales representatives should you have any questions or comments concerning
the products or the technical information.

&)

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

Compliant
I Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Halogen Free  april 1, 2012.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

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

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

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

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

OKcnpecc goctaska B Nnobyto Touky Poccuu;

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

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

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

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

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

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

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

Kak c Hamu cBfizaTbCcA

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

OnekTpoHHas nouTta: org@eplastl.ru

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