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GENERAL DESCRIPTION

The XRP6657 is a high efficiency synchronous
step down DC to DC converter capable of
delivering up to 1.5 Amp of current and
optimized for portable battery-operated
applications.

Operating over an input voltage range of 2.5V
to 5.5V, it provides an adjustable regulated
output voltage down to 0.6V. The XRP6657
uses a constant 1.3 MHz frequency pulse width
modulation (PWM) scheme allowing for
compact external components, low output
voltage ripple and fixed frequency noise, while
Pulse Skip Mode (PSM) is used to improve
light load efficiency. A low dropout mode
provides 100% duty cycle operation.

The solution footprint is further reduced by a
current mode internal compensation network
and built-in synchronous switch removing the
need for an external Schottky. Over-current
and over-temperature protection insures safe
operations under abnormal operating
conditions.

The XRP6657 is available in a compact RoHS
compliant “green”/halogen free thin 6-pin DFN
package.

TYPICAL APPLICATION DIAGRAM

Rev. 1.4.0

APPLICATIONS
¢ Point of Loads
e Set-Top Boxes
o Portable Media Players

¢ Hard Disk Drives

FEATURES

e Guaranteed 1.5A Output Current
— Fixed 1.3MHz Frequency PWM Operations
- Up to 95% efficiency
— Input Voltage: 2.5V to 5.5V

¢ Adjustable Output Voltage

e Internal Compensation Network

¢ No Schottky Diode Required

¢ LDO Operation: 100% Duty Cycle

e 240pA Quiescent Current (no load)
e 1pA Shutdown Current

¢ Soft Start Function

e Over-current/Over-temperature
Protection

¢ “"Green”/Halogen Free DFN-6 Package
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Fig. 1: XRP6657 Application Diagram
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EXAR

XRP6657

1.5A 1.3MHz Synchronous Step Down Converter

ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional operation of
the device at these ratings or any other above those
indicated in the operation sections of the specifications
below is not implied. Exposure to absolute maximum
rating conditions for extended periods of time may affect

reliability.

Input Voltage Vin..ovovoviiiiiiiiiiicneneve e -0.3V to 6.0V
EN, Ves Voltage .....cveviviiiiiiii -0.3V to Vi
SW Voltage......coovvviiiiiiiiiiiinnnnens -0.3V to (Vin+0.3V)
PMOS Switch Source Current (DC)....ovvvvviiiiiininininns 2A
NMOS Switch Sink Current (DC) ...ovvvviiiiiiiiiiiiiiiienans 2A
Peak Switch Sink and Source Current.......c.cocovvvvennne. 3.5A
Junction Temperature Ti32 .ovuueiieeniieeeeee e eeneeen 1250C
Lead Temperature (Soldering, 10 S€C) .....cocvvvvvevne. 260°C
Storage Temp. Range Tstg «veverererereriininnnns -650C to 150°C
ESD Rating (HBM - Human Body Model) ............cccoenene 2kV
ESD Rating (MM - Machine Model) ......ccovvvvvvinennrnnnne. 200V

ELECTRICAL SPECIFICATIONS

Specifications with standard type are for an Operating Junction Temperature of To = 25°C only; limits applying over the full
Operating Ambient Temperature range are denoted by a “e”. Minimum and Maximum limits are guaranteed through test,
design, or statistical correlation. Typical values represent the most likely parametric norm at T = 25°C, and are provided
for reference purposes only. Unless otherwise indicated, Viy = 5.0V, Ta= 25°C.

OPERATING RATINGS

Input Voltage Range Vin...ovvvvvvviiininininininens 2.5V to 5.5V
Ambient Temperature Range Ta.......coevvvee. -40°C to 85°C
Thermal Resistance Bic.ccvvvviiiiiiiiiiiiiiiiiiiiieean 10°C/W
Thermal Resistance Bia cvovvevviviiiiiiiiiiiiieieeeaens 550C/W

Note 1: T, is a function of the ambient temperature T, and
power dissipation Pp (T;= Ta + Pp x 55°C/W).

Note 2:XRP6657 has a build-in temperature protection
circuitry to avoid damages from overload conditions.

Parameter Min. Typ. Max. Units Conditions
Feedback Current Iyrs +£100 nA
0.588 0.600 0.612 Ta = 25°C
Regulated Feedback Voltage Vre 0 oo™ 5 600 | 0.615 v e [-40°C < T\ < 85°C
E:geJliQi(i)en\/Ao\I/:ge Line 0.4 %/N | ® |Viy=2.5Vto 5.5V
Output Voltage Accuracy AVour% -2.5 2.5 % .
g)vl;lff)ut Over-Voltage Lockout 20 50 80 mv AVou = Vou - Vrs
2\\;2;3? Voltage Line Regulation 0.4 %/V o |Viy = 2.5V to 5.5V
Peak Inductor Current Ipg 24 A Vin=3V, Vg=0.5V or Vour=90%,
duty cycle<35%
Output Voltage Load Regulation 0.2 %/A Iour=10mA to 1.5A
VLOADREG
Quiescent Current Ig? 240 340 A Vrs=0.5V or Vour=90%
Shutdown Current Isprpwn 0.1 1 MA Ven=0V, Vin=4.2V
Oscillator Frequency fosc 1.04 1.3 1.56 MHz e |Ve=0.6V or Vour=100%
Minimum Duty Cycle Duy 20 %
RDS(ON) of PMOS Rpger 0.18 Q Isw=750mA
RDS(ON) of NMOS Ryeer 0.16 Q Isw=-750mA
SW Leakage I sw +1 pA Ven=0V, Vsw=0V or 5V, Viy=5V
Enable Threshold Vey 1.2 \% o
Shutdown Threshold Vey 0.4 Y, .
EN Leakage Current Igy +1 A .

Note 1: The Switch Current Limit is related to the Duty Cycle. Please refer to figure 29 for details.
Note 2: Dynamic quiescent current is higher due to the gate charge being delivered at the switching frequency.

Vrp2-VFB1
Note 3: Reference Voltage Line Regulations is defined as AV = V"Fiﬁvl x 100
IN2—VIN1
© 2012 Exar Corporation 2/11 Rev. 1.4.0



XRP6657
1.5A 1.3MHz Synchronous Step Down Converter

Your2-Your1

Note 4: Output Voltage Line Regulation is defined as AV, = —2L — x 100

ViNz=ViN1

BLOCK DIAGRAM
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Fig. 2: XRP6657 Block Diagram

PIN ASSIGNMENT
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Fig. 3: XRP6657 Pin Assignment (Top View)
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XRP6657
EXAR

1.5A 1.3MHz Synchronous Step Down Converter

PIN DESCRIPTION

Name Pin Number Description
VFB 1 Feedback Pin.
Receives the feedback voltage from an external resistive divider across the output.
VSS_PWR 2 Power Ground Pin.
Switching node.
SW 3 Must be connected to inductor. This pin connects to the drains of the internal main
and synchronous power MOSFET switches.
VIN_ PWR 4 Power Input Pin.

Must be closely decoupled to ground pin with a 4.7uF or greater capacitor.
Analog Input Pin.

VIN_CLN > Must be closely decoupled to ground pin with a 4.7uF or greater capacitor.
Enable Pin.
EN 6 >1.2V: Enables the XRP6657
<0.4V:Disables the XRP6657
Do not leave this pin floating and enable the device once Vin is in the operating range.
VSS_CLN Exposed Pad Analog Ground Pin.

ORDERING INFORMATION

Part Number Ten;;ir:;ure Marking Package g::::'t':& Note 1 Note 2
XRP6657IHBTR-F | -40°C<Ta<+85°C 6I6H5|37 Thin DFN-6L | 5K/Tape and Reel [ROHS compliant |Adjustable
T WWX P Halogen Free output voltage
XRP6657EVB XRP6657 Evaluation Board

“"WW"” = Work Week - “X” = Lot Number

© 2012 Exar Corporation 4/11 Rev. 1.4.0



XRP6657

1.5A 1.3MHz Synchronous Step Down Converter

TYPICAL PERFORMANCE CHARACTERISTICS

All data taken at Viv = 2.7V to 5.5V, T; = Ta = 25°C, unless otherwise specified - Schematic and BOM from Application
Information section of this datasheet.
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XRP6657

1.5A 1.3MHz Synchronous Step Down Converter
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XRP6657
Powering Connectivity 1.5A 1.3MHz Synchronous Step Down Converter
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XRP6657

1.5A 1.3MHz Synchronous Step Down Converter

THEORY OF OPERATION

The typical application circuit is shown below.
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Fig. 22: Typical Application Circuit

INDUCTOR SELECTION

Inductor ripple current and core saturation are
two factors considered to select the inductor
value.

1 V
Eq. 1: AIL =mVOUT (1_ ‘?]L;]T)

Equation 1 shows the inductor ripple current
as a function of the frequency, inductance, Viy
and Vour. It is recommended to set the ripple
current between 30% to 40% of the maximum
load current. A low ESR inductor is preferred.

Cin AND Coyt SELECTION

A low ESR input capacitor can prevent large
voltage transients at V. The RMS current
rating of the input capacitor is required to be
larger than Irws calculated by:

VVour X Vin—Vour)
VIN

The ESR rating of the capacitor is an important
parameter to select Coyr. The output ripple
Vour is determined by:

EqQ. 2t Igys = lomax X

Eq. 3: AVpyr = AL, (ESR +m)
Higher values, lower cost ceramic capacitors
are now available in smaller sizes. These
capacitors have high ripple currents, high
voltage ratings and low ESR that makes them
ideal for switching regulator applications. As
Cout does not affect the internal control loop
stability, its value can be optimized to balance
very low output ripple and circuit size. It is
recommended to use an X5R or X7R rated
capacitors which have the best temperature
and voltage characteristics of all the ceramics
for a given value and size.

OUTPUT VOLTAGE

The adjustable output voltage is determined
by:

EqQ. 4: Vour = 0.6V x (1 +2—:)

SHORT CIRCUIT BEHAVIOR

The XRP6657 has an over current and over
temperature protection. The over current
applies cycle by cycle and limits the P-driver
FET current to maintain the inductor current
within safe limits. The over temperature
protection circuitry turns off the driver FETs
when the junction temperature is too high.
Normal Operations are restored when
temperature drops below the safety threshold.

In the following example, the XRP6657 is used
to convert a 5V input to a 1.2V output.
Shorting VOUT to ground triggers both the
over current and over temperature protection
circuits. The waveform is shown below.

’ - - - - ~ - - - w Vour

1V/DIV

- . ’ - 5V/DIV

I
. 2A/DIV

I
1A/DIV

n o B . M 1,05 100064 1.0mage
A Tay

Fig. 23: Short Circuit Response

THERMAL CONSIDERATIONS

Although the XRP6657 has an on board over
temperature circuitry, the total power
dissipation it can support is based on the
package thermal capabilities. The formula to
ensure safe operation is given in note 1 under
the operating ratings section.

To avoid exceeding the maximum junction
temperature, thermal analysis is strongly
suggested.

© 2012 Exar Corporation

Rev. 1.4.0
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PCB LAYouT

The following PCB layout guidelines should be
taken into account to ensure proper operation
and performance of the XRP6657:

1- The GND, SW and VIN traces should be
kept short, direct and wide.

2- VFB pin must be connected directly to the
feedback resistors. The resistor divider
network must be connected in parallel to the
Cout capacitor.

3- The input capacitor C;y must be kept as
close as possible to the VIN pin.

4- The SW and VFB nodes should be kept as
separate as possible to minimize possible
effects from the high frequency and voltage
swings of the SW node.

5- The ground plates of C;y and Coyt should be
kept as close as possible.

6- Connect all analog grounds to a common
node and connect the common node to the
power ground via an independent path.

SELF ENABLE APPLICATION

A self Enable function is easily implemented
through the following arrangement.

R3 1M 6

s L1 1.8uH
EN SW YT L ’ O
[ Vout
R1 3.3V/1.5A
VFB —VWY
453K

Vin 3.3V-5.5V

VIN_CLN Lss 22uF

EXAR X

PI
~J
c
=
I
HE
21 3
9
—
i
100K

A resistor ratio R3/R4=1/1.5 is recommended.

OUTPUT VOLTAGE RIPPLE IN LDO MODE

The XRP6657 enters the LDO mode when
input voltage is close to the selected output
voltage. The transition from PWM mode to

LDO mode is smooth. Figure 24 illustrates the
amount of output voltage ripple for an output
voltage of 3.3V providing 200mA.

20
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loyr=200m &
16
14
S
i 10
=t
3 8
=
6
4
2 e —
—r ]
0

3.3 35 37 39 4.1 43
INPUT VOLTAGE (V)

Fig. 24: Output Voltage Ripple in LDO mode

DESIGN EXAMPLE

In a single Lithium-Ion battery powered
application, the Vi range is about 2.7V to
4.2V. The desired output voltage is 1.8V.

The inductor value needed can be calculated
using the following equation

1 VOUT
L=—V (1 - )
fxAar o' Vin

SUbStitUting VOUT=1'8VI V1N=4.2V, Al =450mA
to 600mA (30% to 40%) and f=1.3MHz gives

L = 1.32uH to 1.76uH

A 1.5pH inductor can be chosen with this
application. An inductor of greater value with
less equivalent series resistance would provide
better efficiency. The C;y capacitor requires an
RMS current rating of at least 1 0apmax)y/2 and
low ESR. In most cases, a ceramic capacitor
will satisfy this requirement. See
recommended components section below

© 2012 Exar Corporation

Rev. 1.4.0
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EXAR

PACKAGE SPECIFICATION
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BOTTOM VIEW
b
[//]o1q[c Y e g 1
N —
SEATING J
PLAME A3
SIDE VIEW
COMMON
SYMBOL| DIMENSIONS MILLIMETER DIMENSIONS INCH
MIN. NOM. MAX. MIN. NOM. MAX.
A 0.70 075 0.80 0.028 0.020 0.031
A3 0.203 REF 0.008 REF
b 025 | 030 | o035 0010 | 0012 | 0014
D 3.00 BSC 0.118 BSC
D2 220 | 230 | 235 0087 | 0091 | oov3
E 3.00 BSC 0.118 BSC
E2 140 | 150 1,55 0055 | 0059 | 006l
e 0.95 BSC 0.037 BSC
L 025 | 035 | 045 0010 | 0014 | oos
© 2012 Exar Corporation 10/11 Rev. 1.4.0
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REVISION
Revision Date Description
1.0.0 07/14/2009 |First release of data sheet
1.1.0 06/08/2010 |Corrected Equation 2, Vour replaced by Viy
12.0 02/15/2011 Corrected Output Voltage Accuracy from £3% to £2.5%

Corrected Output Voltage Load Regulation unit from %/V to %/A

Added conditions to Reference Voltage Line Regulation in Electrical Characteristic Table
1.3.0 03/14/2011 |Added Note 3 to Reference Voltage Line Regulation in Electrical Characteristic Table
Added Note 4 to Output Voltage Line Regulation in Electrical Characteristic Table

Updated Package Dimensions
Corrected Applications Schematics values

1.4.0 02/07/2012
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to improve
design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits described herein,
conveys no license under any patent or other right, and makes no representation that the circuits are free of patent
infringement. Charts and schedules contained herein are only for illustration purposes and may vary depending upon a
user’s specific application. While the information in this publication has been carefully checked; no responsibility, however,
is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly affect its
safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation receives, in
writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the user assumes all
such risks; (c) potential liability of EXAR Corporation is adequately protected under the circumstances.

Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

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

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

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

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

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

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

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




