RICOH

3A 34V Input PWM/VFM Step Down DC/DC Converter with PLL Synchronization
Evaluation Board

No. EEV-299-0330300-191111

R1270S001A033-0300EV is the evaluation board for R1270 which has the below
features, benefits and specifications.

OUTLINE

The R1270S is CMOS-based Step-down DC/DC converter with internal N-channel high side Tr. The ON
resistance of the built-in high-side transistor is 0.10Q and the R1270S can provide the maximum 3 A output
current. Each of the ICs consists of an oscillator, a PWM control circuit, a voltage reference unit, an error
amplifier, a phase compensation circuit, a slope compensation circuit, a soft-start circuit, protection circuits, an
internal voltage regulator, and a switch for bootstrap circuit. The ICs can make up a step-down DC/DC
converter with adding an inductor, resistors, a diode, and capacitors externally.

The R1270S is current mode operating type DC/DC converters without an external current sense resistor, and
realizes fast response and high efficiency. As an output capacitor, a ceramic type capacitor is usable. The
internal oscillator frequency is adjustable over a range of 300 kHz to 2400 kHz by an external resistor, and
also can be synchronized externally by PLL.

The phase compensation is adjustable by using external resistor and capacitor. Thereby optimizations for the
inductor and the capacitor can be done.

To improve performance under light load conditions, the R1270S can select automatically between two modes:
the VFM mode when the inductor current is discontinuous and the PWM mode when the inductor current is
continuous. The ripple voltage at VFM mode is 40 mV (Typ.).

As for protection, the R1270S has a current limit function to control an inductor peak current every a cycle, a
fold-back function to reduce the oscillator frequency under the short circuit, a thermal shutdown function, an
under voltage lockout (UVLO) function, and an over voltage lockout (OVLO) function. Furthermore, the R1270S
can include a latch protection function to cut off the output when the output current reaches the set current limit
for a certain time. That is, the R1270S supports two types of the presence (R1270S001A) or the absence
(R1270S001B) of the latch protection function.

The current limit, which is fixed at 4.5 A (Typ.), is adjustable by an external resistor. And, the soft start time is
fixed at 0.4 ms (Typ.) internally, but is adjustable by an external resistor.

The R1270S has the FLG pin to monitor the overvoltage of the FB pin voltage and the 6 V rated pin. When
detecting an abnormal voltage, the R1270S outputs a flag.

The R1270S is available in HSOP-18 package.




R1270S
No. EEV-299-0330300-191111

FEATURES

e  Operating Voltage (Maximum Rating)---------=---- 3.6V1to 34V (36V)

° Consumption Current ..................................... Typ 18 UA (VIN = 12 V)

° Stand-by CUIMENT - r e errr e Typ. 0 IJA (VIN =34 V, CE=0 V)

PY Output VOltage ............................................... EXterna”y-adeStable at 08 V or more
(Max. step down ratio 160 ns x fosc)

e Feedback Voltage and Tolerance «---«----x-exeeeeeesess 0.8 V+1.0%

° Output CUIMENt - - s 3AM

e Operating FrequenCy:---------rorrrrrrsrrrreeees 300 kHz to 2.4 MHz settable by External resistor

° Minimum Off TimE =« «x--errrerrrrrrmrr i, Typ. 120 ns

° Maximum Duty -« reerrerree Min. 93% (fOSC =300 kHZ), Min. 67% (fOSC =2400 kHZ)

e  UVLO Function Detection Voltage -------------------- Typ. 2.6V

e  OVLO Function Detection Voltage =«--+-rrevereeeeee Min. 38 V

o  Soft-start Time == rorrrrrrmrrrrre Internal soft-start time (Typ. 0.4 ms), as a lower limit,
Externally-adjustable by using capacitor

e High-side Switch Current Limit -« «-coeeeeemeeereeees Typ. 4.5 A, as a upper limit,
Externally-adjustable by using resistor

° Therma| Shutdown FUnCtion ............................. Typ 1600C

° CE Threshold Voltage -+« reerrrrrreesre Typ. 1.0V

e Latch Protection Delay Time -«-«-xorrerermrmerereenens Typ. 2 ms (R1270S001A)

e Fold-back Protection -«------r-rrmermrrereeeee Fold-back for Oscillation frequency

e Vg Voltage Temperature Tolerance (AVes/ATa): -+ Typ. £100 ppm/°C (-40°C < Ta < 105°C)

° Package «rrrrerreereeee HSOP-18

e For more details on R1270 IC, please refer to
https://www.e-devices.ricoh.co.jp/en/products/power/dcdc/r1270/r1270-ea.pdf.

Part Number Information

Product Name Package
R1270S001A033-0300 HSOP-18

001A: with Latch type protection function
033: 3.3V, Output voltage

0300: 300 kHz, Operating Frequency

(1) The output current depends on external components and conditions.
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R1270S

No. EEV-299-0330300-191111
PCB LAYOUT

Top View Bottom View
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R1270S
No. EEV-299-0330300-191111

PIN DESCRIPTION

HSOP-18
[ S TOP VIEW V[ ]
[ [ ]
e BST[e |
[<Jeno * ss[= ]
C=mwr cE[+ ]
[]rs FG[e ]
7 [ER RT |2
s |EC PLLFLTR |11
[ ouwr PLLREF [0 ]
Pin Description
Pin No. Symbol Description
1,2 Lx Lx Switching Pin
3 NC No connection
4 GND Ground Pin
5 INT Internal Bias Pin
6 FB Feedback Pin
7 ER Phase Compensation Pin for External Resistor
8 EC Phase Compensation Pin for External Capacitor
9 LMT Current Limit adjustment Pin
10 PLLREF PLL Synchronization Pin
11 PLLFLTR PLL Filter Pin
12 RT Oscillation adjustment Pin
13 FLG Flag Output Pin
14 CE Chip Enable Pin (Active “H”)
15 SS Soft-start Pin
16 BST Bootstrap Pin
17,18 VN Power Supply Pin

* The tab on the bottom of the package must be electrically connected to GND (substrate level) when mounted on the
board.
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R1270S
No. EEV-299-0330300-191111

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings (GND=0V)
Symbol Item Rating Unit
VIN Input Voltage -0.3t0 36 \%
VesT BST Pin Voltage(" Vix—0.3 to Vix+6 vV
Vix Lx Pin Voltage -0.3t0 36 V
Vce CE Pin Input Voltage -0.3t0 36 V
VINT INT Pin Voltage -0.3t0 36 \%
Vss Soft-start Pin Voltage -0.3t06 \%
VER ER Pin Voltage -0.3t0 6 \%
Vec EC Pin Voltage -0.3t0 6 V
VrB Feedback Pin Voltage -0.3t0 6 V
VFiG Flag Pin Voltage(" -0.3t0 24 \Y
Verer | External Oscillation Synchronization Pin Voltage -0.3to0 36 \%
Veieetr - | PLL Filter Pin Voltage -0.3t06 \%
VRt Oscillation adjustment Pin Voltage -0.3t06 \%
Vimr Current Limit adjustment Pin Voltage -0.3t0 6 V

P mpT—" T
Po fﬁévgéa'if'fég%”c STD.51-7 Test Land Pattern) 3100 mw
Tj Junction Temperature Range -40 to 125 °C
Tstg Storage Temperature Range -551t0 125 °C

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 are not assured.

RECOMMENDED OPERATING CONDITIONS

Recommended Operating Conditions

Symbol Item Rating Unit
VIN Input Voltage 3.6t0 34 Vv
Ta Operating Temperature -40 to 105 °C

RECOMMENDED OPERATING CONDITIONS

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.

() The pin voltage except Vastand Vr.e must be prevented from exceeding Vin +0.3V.
(2) Refer to POWER DISSIPATION for detailed information.
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R1270S

ELECTRICAL CHARACTERISTICS

Vin =12V, Ta = 25°C, unless otherwise specified.
The specifications surrounded by |:| are guaranteed by design engineering at -40°C < Ta < 105°C.

No. EEV-299-0330300-191111

R1270S001A Electrical Characteristics (Ta = 25°C)
Symbol Item Conditions Min Typ. | Max. | Unit
. Vin =34V, Vint = Open,
IiN1 Vin Consumption current 1 Vpurer =34V, Vs = 1.5V ! mA
. Vin=34V, Vint = Open
I ’ ’ 1 1 A
IN2 Vin Consumption current 2 Vpuirer = 0, Ves = 0.84 V 8 M
Vuvioz | UVLO Released Voltage Vin Rising 2.6 \
. uvLo? [Vuvioz| [Vuvioz
Vuvio1 | UVLO Detect Voltage Vin Falling 016 |=0.15 | F0.11 \
Vowoz | OVLO Released Voltage VN Falling \Y
Vowo1 | OVLO Detect Voltage Vin Rising 38 \
v Ve Vol Tol Ta=25°C 0.792 0.800 0.808 V
FB r8 Voltage Tolerance .
9 -40°C <Ta<105°C 0.784 0.816 Vv
Vvim FB High Detection at VFM mode 0.831 Vv
foscO Oscillation Frequency 0 RT = Open 270 300 | [330 kHz
fosc1 Oscillation Frequency 1 RT =62 kQ 1010 | 1120 | kHz
fosc2 | Oscillation Frequency 2 RT = GND 2160, | 2400 | [2640| | kHz
toff Minimum Off Time 120 ns
Dwaxo | Maximum Duty Cycle 0 RT = Open %
Dvaxo | Maximum Duty Cycle 1 RT =62 kQ %
Dvaxz | Maximum Duty Cycle 2 RT = GND %
Oscillation Synchronized _
fove | £ quency feLirer = 1000 kHz kHz
tss1 | Soft-start Time 1 SS = Open, Vs = 0.72 V ms
tss2 | Soft-start Time 2 Css=0.01 uF, Vrs=0.72V ms
Itss Soft-start charge current SS=0V 2.0 | .35 | pA
tdelay | Delay Time for Latch Protection | for R1270S001A 2 ms
Lx High Side Switch ON _ _ _
RixH Resistance Vest-Vix = 4.5V, Ilx=0.1A 0.1 | [0.15 Q
Lx High Side Switch Leakage
ILxHOFF Current 0 MA
e | £ HIGh Side Switeh Limited LMT =220 kQ. DC Current 3.5 A
iz | =X High Side Switch Limited LMT =39 kQ. DC Current | [1.25 | 1.6 A
Current 2

All test items listed under Electrical Characteristics are done under the pulse load condition (Tj = Ta = 25°C).
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R1270S
No. EEV-299-0330300-191111

ELECTRICAL CHARACTERISTICS (continued)

Vin =12V, Ta = 25°C, unless otherwise specified.
The specifications surrounded by I:I are guaranteed by design engineering at -40°C < Ta < 105°C.

R1270S001A Electrical Characteristics (Ta = 25°C)
Symbol Item Conditions Min Typ. | Max. | Unit
VceH CE “H” Input Voltage 1.15 Vv
VceL CE “L” Input Voltage 0.85 \Y
= CE “H” Input Current 0 A
lceL CE “L” Input Current 0 A
IFeH FB “H” Input Current Ves=1.5V -0.1 0 HA
IFBL FB “L” Input Current Ves =0V -0.1 0 MA
VpLLH PLLREF “H” Input Voltage 0.99 \
VeLLL PLLREF “L” Input Voltage 067 | V
It | PLLREF*H” Input Current 0 uA
lpLLL PLLREF“L” Input Current -1.0 | 0 A
Trso Thermal Shutdown Detect 160 °c

Temperature

Trsr $2(ranrrr)near;ﬁjhrgtdown Release 130 °c
Istandby | Standby Current ViN=34V,Vce=0V 0 WA
Vriel | FLAG "L” Voltage Vin=2.0V, Irc =1 mA \%
IFLeorr | FLAG "Off’ Current VG =6.0V 0.0 HA
Vovp FB Pin OVP Detect Voltage 0.91] | 0.98 | [1.04 \Y
Vuvp FB Pin UVD Detect Voltage 0.59 | 0.64 \Y
VFie Fold Back Detect Voltage v
Vpovp S\é[t':éid Pin OVP Detect VER, VPLLFLTR, Vss 4.0 \
Vvoso INT Pin Operation Voltage 2.75 \Y
Vvos1 INT Pin Disable Voltage 2.68 \Y

All test items listed under Electrical Characteristics are done under the pulse load condition (Tj = Ta = 25°C).
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R1270S
No. EEV-299-0330300-191111

TYPICAL APPLICATION

Cest|_ * GND
N CIN

. .
~ T Lx TOP VIEW Vi [0 2
Vout H
)
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"I PLLREF pin must not be “OPEN”". When using the Ricoh’s evaluation board, a pull-down resistor (ReLLrer2 : 100kQ)
is contained on the evaluation board.

R1270S001A033-0300 Typical Application Circuit

R1270S001A033-0300 Recommended External Components™

Cin Cour Cest D L Reor | Rrs Rror | Cspp | Rer Cec R RPLLREF
[KF] [pF] [wF] | [VIA] | [pH] | [kQ] | [kQ] | [kQ] [pF] | [kQ] | [pFI] tMT | [kQ]

22%2 500
10| g | 047 |40/3 | 10 | 160 | 1 |,70.30) 1000 | 220 | 1000 |OPEN | 1

RPLLREF2 R R RFc | RcEe Css | Cint
ko] | Reee | Ceu | RRT | 1kq) | [kQ] | [wF] | [uF]

100 | OPEN | OPEN | OPEN | 100 1 0.01 0.1

*2 The bill of materials will be attached on the shipment of each purchased evaluation board.
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R1270S

No. EEV-299-0330300-191111

TECHNICAL NOTES

The performance of a power source circuit using this device is highly dependent on a peripheral circuit. A
peripheral component or the device mounted on PCB should not exceed its rated voltage, rated current or
rated power. When designing a peripheral circuit, please be fully aware of the following points. (Refer to PCB
Layout on page 3.)

® The backside thermal pad of the HSOP-18 package must be connected to GND. To improve the thermal
dissipation on multi-layered boards, the thermal must be dissipated to another layer by putting some
thermal vias on the thermal pad in the land pattern.

® NC pin must be set to “OPEN”".

® Switching regulator is required some caution. Because, a large current variation occurs by the following
different current loops in every switching, and a high-frequency noise occurs by parasitic current.
=  The current loop when the switch is “ON”, Input Capacitor (Cin) — Hi-side Switch — Inductor —
Output Capacitor (Cout) — Cin
=  The current loop when the switch is “OFF”, Rectifier Diode (D) — Inductor —-Cout — D
=  The current loop via Diode Parasitic Capacitor when the switch is “ON”, Cin — Hi-side
Switch — Parasitic Capacitor of D —Cin
A large EMI noise source is caused in this loop. Therefore, extreme caution is required. These loops
have to design as short as possible, and design not to cross lines in the subsequent load side to Cout
in order to avoid the influence of switching noise.

® On this evaluation board, the land for the Lx pin is wide to connect with large inductor and diode.
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10.

11.

. The products and the product specifications described in this document are subject to change or discontinuation of

production without notice for reasons such as improvement. Therefore, before deciding to use the products, please
refer to Ricoh sales representatives for the latest information thereon.

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

consent of Ricoh.

. Please be sure to take any necessary formalities under relevant laws or regulations before exporting or otherwise

taking out of your country the products or the technical information described herein.

. The technical information described in this document shows typical characteristics of and example application circuits

for the products. The release of such information is not to be construed as a warranty of or a grant of license under
Ricoh's or any third party's intellectual property rights or any other rights.

. The products 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.

. We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products

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

. Anti-radiation design is not implemented in the products described in this document.
. The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and

characteristics in the evaluation stage.

. WLCSP products should be used in light shielded environments. The light exposure can influence functions and

characteristics of the products under operation or storage.

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In the
case of recognizing the marking characteristic with AOI, please contact Ricoh sales or our distributor before attempting
to use AOL.

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

@) Ro

Halogen

Compliant

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

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

Free  April 1, 2012.

RICOMH RICOH ELECTRONIC DEVICES CO., LTD.

Official website
https://www.e-devices.ricoh.co.jp/en/

Contact us

https://www.e-devices.ricoh.co.jp/en/support/
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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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