F DK Delivering Next Generation Technology

__§MMJ’ Series

FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

The Seaps2 Series of non-isolated de-dc converters
deliver  exceptional electrical and  thermal
performance in industry-standard footprints for
Point-of-Load  converters. Operating from a
2.4Vdc-5.5Vdc input, these are the converters of
choice for Intermediate Bus Architecture (IBA) and
Distributed Power Architecture applications that
require high efficiency, tight regulation, and high
reliability in elevated temperature environments with
low airflow.

JEERAIDC/DCIIN 4D FEAPLZ )3 [ FABEDPOLIIN Y
LRLHFRITHH TEAERNEE. RTEEREERELE
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IBA, X [IDPATOERIZHETT

The FPMRO5SR7505*A converter of the Szaps;
Series delivers 5A of output current at a tightly
regulated programmable output voltage of 0.7525Vdc
to 3.63Vdc. The thermal performance of the
FPMRO5SR7505*A is best-in-class: No derating is
needed up to 85°C, under natural convection.

Senps2 YY—2'D FPMROSSRT505%A (4 & L\ B [E #5 E T0.7525V ~
3.63VDAIZEZEIRLEYT . FPMRO5SR7505%AM R E 41t (X975 %=
LANTY , BARREH TS CETT LTV EREELEE AL

This leading edge thermal performance results from
electrical, thermal and packaging design that is
optimized for high density circuit card conditions.
Extremely high quality and reliability are achieved
through advanced circuit and thermal design
techniques and FDK’s state of the art in-house
manufacturing processes and systems.

EIBRER AT, MBLERE, RUN Y-V VI BRE O R THIRERDE
EHEE. EEERERBAICRELIATOET, FEICBLS
BLEHERIEEGRBHREG. BRER RN, RUFDKORELHRD
B#EE nAIckYB5ShET,

Applications

¢ |ntermediate Bus Architecture
PN AEBRYATA

e Telecommunications
TLALYATA

o Data/Voice processing
T —40EEY AT

e Distributed Power Architecture
PERREBIRYATL

o Computing (Servers, Workstations)
WL - 4BERG - - T-IRT-VaAY)

http://www.fdk.com

FPMRO5SR7505*A

Features

¢ ROHS compliant RoHS#EHL

o Delivers up to 5A (18.15W)
5A (18.15W)&E THEIGFT AE

o High efficiency, no heatsink required
ENE-RBBENTE

¢ Negative and Positive ON/OFF logic
ON/OFFRY I N 747 &RV 747

e Industry-standard SMD footprint
EFUZHEDSMDIYMIYUb

e Small size and low profile: 0.80” x 0.45” x 0.211”
nominal
N {EE (20.3 x 11.4 x 5.35mm)

e Coplanarity less than 0.004”
TEEKOImmELT

e Tape & reel packaging
WEIET- V7 Tk

e Programmable output voltage via external resistor
HNEREROIERICRYT D FATRERE N EE

e No minimum load required RDNEFETE

e Start up into pre-biased output
HAIZTYN AT A B> THEREN AT AE

e Remote ON/OFF IJE-PON/OFFHHE

e Auto-reset output over-current protection
BERREREE: BBER

e Auto-reset over-temperature protection
MERINRRER R BBER

¢ High reliability, MTBF = 1 Million Hours
= {E#EM: MTBF = 1 Million Hours

o UL60950 recognition in U.S. & Canada, and CB
Scheme certification per IEC/EN60950 (Pending)
UL60950, CB Scheme HX1§ (F3E)

¢ All materials meet UL94, V-0 flammability rating
£TOEGRIE UL V-0ITEE
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FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Electrical Specifications EB& 8tk
All specifications apply over specified input voltage, output load, and temperature range, unless otherwise

noted.
EEMNENES . ETOAKITEESWEANBE. 8. BESEECTERINET,

Conditions: Ta=25degC, Airflow=200LFM (1.0m/s), Vin=5.0Vdc, unless otherwise specified.

PARAMETER NOTES MIN TYP MAX UNITS

ABSOLUTE MAXIMUM RATINGS'
Input Voltage Continuous -0.3 6.0 Vdc
Operating Temperature Ambient temperature -40 85 °C
Storage Temperature -55 125 °C
Output Voltage 0.7525 3.63 Vdc
FEATURE CHARACTERISTICS
Switching Frequency 300
Output Voltage Programming Range By external resistor. See trim table-1 0.7525 3.63 Vdc
Turn-On Delay Time Full resistive load

with Vin (module enabled, then Vin applied) |From Vin=Vin(min) to 0.1*Vout(nom) 5 ms

with Enable (Vin applied, then enabled) From enable to 0.1*Vout(nom) 5 ms
Rise Time (Full resistive load) From 0.1*Vout(nom) to 0.9*Vout(nom) 5 ms
ON/OFF Control (Negative Logic) See Page26. Part Numbering Scheme

Module Off 24 Vin Vdc

Module On -5.0 0.8 Vdc
ON/OFF Control (Positive Logic) See Page26. Part Numbering Scheme

Module Off -5.0 Vin-1.6| Vdc

Module On Vin-0.8 Vin Vdc

'Absolute Maximum Ratings  #xt&KE®

Stresses in excess of the absolute maximum ratings may lead to degradation in performance and reliability of

the converter and may result in permanent damage.
R BREREBAANAIE, HEQET., REEEEOET. RUTV -V OBBESIEEITENBYET,
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FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Electrical Specifications (Continued)

Conditions: Ta=25degC, Airflow=200LFM (1.0m/s), Vin=5.0Vdc, unless otherwise specified.

BRI ()

PARAMETER NOTES MIN TYP MAX UNITS

INPUT CHARACTERISTICS

Operating Input Voltage Range Vout = 1.8V 24 5.0 5.5 Vdc
1.8V <Vout = 2.5V 3.3 5.0 5.5 Vdc
Vout = 3.3V (ALL) 45 5.0 5.5 Vdc

Input Under Voltage Lockout

Turn-on Threshold 22 24 Vdc
Turn-off Threshold 1.95 2.1 Vdc

Maximum Input Current 5Aout at Vin min
Vout=3.3V 3.90 Adc
Vout=2.5V 4.10 Adc
Vout=2.0V 3.30 Adc
Vout=1.8V 4.10 Adc
Vout=1.5V 3.50 Adc
Vout=1.2V 2.85 Adc
Vout=1.0V 2.45 Adc
Vout=0.7525V 1.95 Adc

Input Stand-by Current (module disabled) 2 mA

Input No Load Current Vout=3.3V 53 mA
Vout=2.5V 60 mA
Vout=2.0V 58 mA
Vout=1.8V 56 mA
Vout=1.5V 50 mA
Vout=1.2V 42 mA
Vout=1.0V 38 mA
Vout=0.7525V 32 mA

Input Reflected-Ripple Current See Fig. G for setup (BW=20MHz) 35 mAp-p

http://www.fdk.com
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FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Electrical Specifications (Continued) E&RaEH (=)

Conditions: Ta=25degC, Airflow=200LFM (1.0m/s), Vin=5.0Vdc, unless otherwise specified.

PARAMETER NOTES MIN TYP MAX UNITS
OUTPUT CHARACTERISTICS
Output Voltage Set Point (no load) -1.5 Vout +1.5 %Vout

Output Regulation

Over Line Full resistive load +/-0.3 %Vout

Over Load From no load to full load +/-0.5 %Vout

Output Voltage Range
(Over all operating input voltage, resistive load -2.5 +2.5 %Vout
and temperature conditions until end of life)

Output Ripple and Noise BW=20MHz Over line, load and temperature (Fig. F)

Peak to Peak Vout=3.3Vdc 40 70 mVp-p
External Load Capacitance Plus full load (resistive)

Min ESR > 1mQ 1000 uF

Min ESR > 10mQ 2000 uF
Output Current Range 0 5 A
Output Current Limit Inception (lout) Vout=3.3Vdc 9.6 A
Output Short-Circuit Current Short=10mQ, Vout=3.3Vdc set 3.5 Arms

DYNAMIC RESPONSE

lout step from 3A to 6A with di/dt= 5A/uS Co=47uF x 2 ceramic + 1yF ceramic 100 mV
Setting time (Vout < 10% peak deviation) 40 uS
lout step from 6A to 3A with di/dt= -5A/puS Co=47uF x 2 ceramic + 1yF ceramic 100 mV
Setting time (Vout < 10% peak deviation) 40 uS
EFFICIENCY Full load (5A)
Vout=3.3Vdc 94.0 %
Vout=2.5Vdc 92.0 %
Vout=2.0Vdc 90.5 %
Vout=1.8Vdc 89.5 %
Vout=1.5Vdc 88.0 %
Vout=1.2Vdc 86.0 %
Vout=1.0Vdc 84.0 %
Vout=0.7525Vdc 79.5 %
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FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Operation
Input and Output Impedance

The FPMRO5SR7505*A converter should be
connected to a DC power source using a low
impedance input line. In order to counteract the
possible effect of input line inductance on the stability
of the converter, the use of decoupling capacitors
placed in close proximity to the converter input pins is
recommended. This will ensure stability of the
converter and reduce input ripple voltage. Although
low ESR Tantalum or other capacitors should
typically be adequate, very low ESR capacitors
(ceramic, over 200uF) are recommended to minimize
input ripple voltage. The converter itself has on-board
internal input capacitance of 5x2.2uF with very low
ESR (ceramic).
FPMRO5SR7505+A& A W B R IFAES VL'~ 4 VA TH#GL TEEW, 3
IN-IDREMICEEDHDIANIVT14vAE A B0, 3N —4D
ABEVDIBEBEICThy TV AT I EAINT HILEHEOLET .,
NIZKYIIN-IDREEEERERICL. AAYT VEREMHLET,
{EESRIVAN . R IEZDMDIVT U E—BIICITHEEHYFE LA D,
AAPWTVEFINT BF=HIZIE, FFEITEESRIVT U H (17399 T200
UFUE)EHRLET, N -18 FITA AR IIBIEESRD5x2.2 1 F
tITVIA AT U ERBBLTOET,

The FPMRO5SR7505*A is capable of stable
operation with no external capacitance on the output.
To minimize output ripple voltage, the use of very low
ESR ceramic capacitors is recommended. These
capacitors should be placed in close proximity to the
load to improve transient performance and to
decrease output voltage ripple.
FPMRO5SR7505%A (& H 3 [CHMF (Fa0 7 v DV ELVKEETEREL TEY
ELET B AWV ERNTT 518 FBIEESROt7I97IVT VY D
GEHRELTT . BEROBMER LELE AT MERD=OIZAT D
IEEEICABIRESREIIVIIVT U ERET HLEHHOLET,

Note that the converter does not have a SENSE pin
to counteract voltage drops between the output pins
and the load. The impedance of the line from the
converter output to the load should thus be kept as
low as possible to maintain good load regulation.
COWN - NG FEARBMOEREN T EHET DU TFER
FTWER A BEOSVARFHEERT O w10 h
DOAMETDI AU T VAL T EEZRYIEL TS,

—O Vin Vout O
R*
Vin —O ON/OFF
3Rioad
—O GND TRIM O
CONTROL
INPUT

R* is for negative logic option only

Fia. A: Circuit confiauration for remote ON/OFF

http://www.fdk.com
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ONJ/OFF (Pin 5)

The ON/OFF pin (pin 5) can be used to turn the
converter on or off remotely using a signal that is
referenced to GND (pin 2), as shown in Fig. A.

Two remote control options are available,
corresponding to negative and positive logic. In the
negative logic option, to turn the converter on Pin 5
should be at logic low or left open, and to turn the
converter off Pin 5 should be at logic high or
connected to Vin. In the positive logic option, to turn
the converter on Pin 5 should be at logic high,
connected to Vin or left open, and to turn the
converter off Pin 5 should be at logic low.
ON/OFFifF(BEEIEEAD &SI, F'IUN QB ERELELLIZYE-H
EEILYIUN—4ZON/OFFF2DIfEHhNET, 077 ERNYT47
AY YSRGS 518 . 288D TPVt A-NEBIRATEET T,

AN FTET VIV DIBE AUV -4EONT BIZ(E5FEL VELowbA b, X
RIEHEL . AN 9% OFF T BIZIE5BEL VA HighbAL, RIEVin&HEHT
ELFET KV T HT Vv DB E  IUN-4EONT BIZ(E5FE L VEHighl
Al VinlZHEERE . RUTKRIBHEL . AN -4 OFFT BIZIH5FL VELow
LAMZLETS,

For a positive logic option, the ON/OFF pin (pin5) is
internally pulled-up to Vin. An open collector (open
-drain) transistor can be used to drive Pin 5.

The device driving Pin 5 must be capable of:

(a) Sinking up to 0.4mA at low logic level

K'Y T4 47V DIHE . ON/OFFEVIZEY 1-WREBTVIinlZT W7y 7S
NTWET . F-7VaAVI4 =TV V4Y) DI50Y RIHYON/OFFE Y D
YEICEFATTEETY
ON/OFFEVHIR1ET BT NARIZIE T REENDRBETY,

(a) LowbA L TO4mATEED Y VIREN

For a negative logic option, the ON/OFF pin (pin5) is
internally pulled-down.A TTL or CMOS logic gate,
open collector(open-drain) transistor can be used to
drive Pin 5. When using an open collector(open
-drain) transistor, a pull-up resistor, R*=5kQ, should
be connected to Vin (See Fig. A).

The device driving Pin 5 must be capable of:

(b) Sinking up to 1.2mA at low logic level (=0.8V)
(c) Sourcing up to 0.25mA at high logic level (2.3-5V)
AN F4TET VAV DIBE . ON/OFFE VIEE 1-WRER T NS IvEhTL
F9, TTL. CMOSEY™vY., XIEF-7VaALIadDI50Y 293 0N/OFFE YD
BEICERAIEETY . £-7VALIIDIS VY R9EE R T DEEE5kQ D7
M7y HEREVinl THEFL TS, (HASER)
ON/OFFEVHIRVET BT NARIZIE T REENNBETT,

(b) 0.8VIL T DLowbA' L T1.2mAETDYUIHE R

(¢) 2.3V-5VDHighDy vJLA L TO.25mAE T HHGHES
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__§MMJ’ Series

FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Output Voltage Programming (Pin 3)

The output voltage of the FPMRO5SR7505*A
converter can be programmed from 0.7525V to 3.63V
by using an external resistor or a voltage source

FPMRO5SR7505*AM H W BIE (F A EEMZHEHKR T HH . XIFHNEHE
JEEENNT AT ET 0.7525V~3.63VETHZAIEETY ,

External Resistor

An external trim resistor, Rgm, should be connected
between TRIM (pin 3) and GND (pin 2); see Fig. B.
The value of Rirm, in kQ, for a desired output
voltage, Voreq, in V, is given by:

SHERIEHT RrpmlE TRIMIGF(3FEL V) EGND R F(2FL"Y) DR IZHEREL
TLEZEW, BBE S8, Rppy PEH. RULELGENEREIERDOK
IZEYKRDFETS,

21.07

-5.11 [kQ]
(Voreq - 0.7525)

RTRIM =

Note that the tolerance of a trim resistor will affect the
tolerance of the output voltage. Standard 1% or 0.5%
resistors may suffice for most applications; however,
a tighter tolerance can be obtained by using two
resistors in series instead of one standard value
resistor.

Table 1 lists calculated values of Rygm for common
output voltages. For each value of Rrgy, Table 1 also
shows the closest available standard resistor value.
Ripy PREIFENBEEDAEICHELET, FLALEDFERKIRIC
BOTIE EEMTINXIF05REDIERTHA T LALEGEMS, &£
ULV DFEEDT-OICIE, ERIALYB2AZEHIICHERALES,

Table 1: Trim Resistor Value

The Closest
Vores [V] Rrrim [kQ] Standard Value [kQ]
0.7525 Open
1.0 80.02 80.6
1.2 41.97 42.2
15 23.08 23.2
1.8 15.00 15.0
2.0 11.78 11.8
25 6.95 6.98
33 3.16 3.16
3.63 2.21 2.21

External Voltage Source

To program the output voltage using an external
voltage source, a voltage, Vcrre, should be applied to
the TRIM pin. Use of a series resistor, Rexr, between
the TRIM pin and the programming voltage source is
recommended to make trimming less sensitive.
NMEREE>THNBEEEAET D&, TRIMIFEFIVm DEE
EZEIMLET , EERELNBRT E 20581578, TRIMIFF &5
BERMICEREEIICERT 2LEREBHLET,

The voltage of the control voltage V¢, in V, for a
given value of Rexr, in kQ, is given by:

Ve BEIETREOKICKYBEHMNAIEETT .

(511 +Regr )(Vopeq - 0.7525)

Table (12— NEEERET HBOERMERTLES, £h Vg, =0.7 - Y
Table 1ITBEMLIER £ HALIBA DEMUBELRRLTLET, 30.1
Table 2 lists values of Vcgrre for Rexr=0 and
o—— 1o Vi Vout O Rexr=15kQ.
Load Table 2[ERey=0MD B LRy =15k DEE DV BEZRLTULET
. O On/off =
T
O——C\ GND TRM O RTi'M Vo-rea [V] Verre (Rext=0) | Verre (Rexr=15k)
X 3 0.7525 0.700 0.700
1.0 0.658 0.535
Fig. B: Configuration for programming output voltage 12 0.624 0.401
1.5 0.573 0.201
1.8 0.522 0.000
2.0 0.488 -0.133
2.5 0.403 -0.468
3.3 0.268 -1.002
3.63 0.212 -1.223
http://www.fdk.com Page 6 of 26 Ver 2.3 Nov. 05, 2007
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FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Protection Features

Input Under-Voltage Lockout

From a turned-on state, the converter will turn off
automatically when the input voltage drops below
typically 2.1V. It will then turn on automatically when
the input voltage reaches typically 2.2V.
BELTLSIRETANEENTYPT2IVERBIZASE, ZDIUN -4
FEBMICFEIELET T ANBEMNTYPT22VELEIZASE. O
DIN-SISEBMICEEERRRLET,

Output Over-Current Protection (OCP)

The converter is self-protected against over-current
and short circuit conditions. On the occurrence of an
over-current condition, the converter will enter a
pulse-by-pulse hiccup mode. On the removal of the
over-current or short circuit condition, Vout will return
to the original value (auto-reset).
COWN-AEBEREERICHLEACRELTT . BERREIZLS
&L ZDAVN-RIFNWA-N{-N VA HICCUPE-FIZAY  BEFIKEN
RSN D EVoutl LBEDBEICRYET . (BE L)

Over-Temperature Protection (OTP)

The converter is protected against over-temperature
conditions, using a built-in thermal protection feature
in the PWM controller IC. In case of overheating due
to abnormal operation conditions, the converter will
turn  off automatically. It will turn back on
automatically once it has cooled down to a safe
temperature (auto-reset).

ZDIUN-AEPWMIVFI-MICHH > T DRE R EMEEEHE>TMR
KEMSRESNTOET BEELBHEEHLEICEYMBRELS)
T HE N ALBEBMICELLET . RELBEFTTINSE, B
BHICEEBLEYS . (BBt

Alternatively, Option additionally incorporates an
independent OTP function with higher precision than
that provided by the controller IC. In case of
overheating due to abnormal operation conditions,
the converter will turn off automatically. It will turn
back on automatically once it has cooled down to a
safe temperature (auto-reset).

D AEELT, A7 V3TV MI-MCKY LFEE DBV ILLI-OTPH
BEEMAMT o ENTEET . ERABERHLE LY MBRES
EET AL N HEEBMICIELLET . REGBEEETTINSE,
BEMICEREBLETS . (B

Safety Requirements
The converter meets North American and
International safety regulatory requirements per

UL60950 and EN60950. The converter meets SELV
(safety extra-low voltage) requirements under

http://www.fdk.com
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normal operating conditions in that the output
voltages are ELV (extra- low voltage) when all the
input voltages are ELV. Note that the converter is not
internally fused: to meet safety requirements, a fast
acting in-line fuse with a maximum rating of 10A must
be used in the positive input line.

Z MDAV -41FULB0950EENB0950IZ kB ItK . RUEMRMAR S
ZiELTOET, COWN-HTEEDBEEETITH L TSELVD
EHEBELTEY, ANBEESELVTHNIEH A EELELVERYFE
T AL, ZOIN-FIERERIE1-REF > TV ERAD T, RERHE
ISEEIEEOIZIE. AAF1VDTFAAIZEIEE THRAEHE10AD
E1—R ZHEHL TREELY,

Characterization

Overview

The converter has been characterized for several
operational features, including thermal derating
(maximum available load current as a function of
ambient temperature and airflow), efficiency, power
dissipation, start-up and shutdown characteristics,
ripple and noise, and transient response to load
step-changes.

COIWN-BTBET L -T0 $hE, BHEX. 24-+797H, BU

SubMIUEEDENME, Y7L AR BIMAREBREEST . SFEFE

HEMEREETHEMATONET,

Figures showing data plots and waveforms for
different output voltages are presented in the
following pages. The figures are numbered as
Fig.*V-#, where *V indicates the output voltage, and #
indicates a particular plot type for that voltage. For
example, Fig *V-2 is a plot of efficiency vs. load
current for any output voltage *V.

EHNBEEREOT -1 RTEBEORIELUEOAN -V ITBEINTOE
T, BIEFig *VH#D LSITHFBF SN THY  AVITHNBEERL.
HIBEDTIERLET, FIZIE Figxv2LHNIE *VHEATOR
ERMEERLET,

Test Conditions

To ensure measurement accuracy and
reproducibility, all thermal and efficiency data were
taken with the converter soldered to a standardized
thermal test board. The thermal test board was
mounted inside FDK’s custom wind tunnel to enable
precise control of ambient temperature and airflow
conditions.

BEREE. RUBBENHZHERICTILHIC.ETOERE. RUME
F-aIF B L SN R E SN - AN —4E EAMFLTRELT
WET . RETMRN —MNEFDOKYF R O BRI EERRIENICHKET SHL
T.BERE. RUBREZRFICEELTULET,
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The thermal test board comprised a four layer printed
circuit board (PCB) with a total thickness of 0.060”.
Copper metallization on the two outer layers was
limited to pads and traces needed for soldering the
converter and peripheral components to the board.
The two inner layers comprised power and ground
planes of 2 oz. copper. This thermal test board, with
the paucity of copper on the outer surfaces, limits
heat transfer from the converter to the PCB, thereby
providing a worst-case but consistent set of
conditions for thermal measurements.

BRI M XEX0.060"(1.6mm)ED4EPCBTIERL TLVET . &
2B DRAEIFIVN-IERET BHDONINEFDEZADN -V D
HITRELTULWET ., REREBX70u mOFSETEA. RV TNV
ERRLTOET  COLSITRBORBEERY DAL IZREFE
K =NI&, N -4 BPCBADED R ITEFIBL. 7-AM -2 THY %
ALFEOEVEETFEFHEERLTOET,

FDK’s custom wind tunnel was used to provide
precise horizontal laminar airflow in the range of 50
LFM to 600LFM, at ambient temperatures between
30°C and 85°C. Infrared (IR) thermography and
thermocouples were used for temperature
measurements. (See Fig. C & Fig. D)

FOK4FH 0 B iR EEREE (F/KTE AR D FEFRES0LFM(B R 5 iR &
% . NC)A H600LFMETHZE ICHIHTE . IREFEEIL30°CH H85°CE
FIECTEET . RERIEICERIMRIRY - 771 EREREEALT
WEY, (ACRUEDSHR)

Fig. D: Test Chamber

http://www.fdk.com
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It is advisable to check the converter temperature in
the actual application, particularly if the application
calls for loads close to the maximums specified by
the derating curves. IR thermography or
thermocouples may be used for this purpose. In the
latter case, AWG#40 gauge thermocouples are
recommended to minimize interference and
measurement error. An optimum location for
placement of a thermocouple is indicated in Fig. E.
WN-IDREERBOERRECTRHET ILEHEOLET HIC
EFEALOATFNERET A -T) ORKEITEVG S TAEHS L
BETYRERECERIMRY-E 771 RITBEREHMHE 2
FTET, REXRNEEATIEHE. ROGHITFITHEILEHSI=HL. A
EBRELZDHCT D=0, AWGHDREREH#HELES . HERTD
BIE BT ERTEREICRLET,

Thermal Derating

Figs *V-1 show the maximum available load current
vs. ambient temperature and airflow rates. Ambient
temperature was varied between 30°C and 85°C,
with airflow rates from NC(50LFM) to 400LFM
(0.25m/s to 2.0m/s). The converter was mounted
horizontally, and the airflow was parallel to the long
axis of the converter, going from pin 1 to pin 5.
WV-1EHIBERELABOEH TICBTEBAH N EREERL
F9 . RFRELEAEZNC(50LFM)~400LFM®D £ 14 T30°C ~85°C D
EEBSETVET WN-SIKEISHKEL, ARSEION-IORF
AREISETTIBL VLS ELVICHEITTRNTVET,

The maximum available load current, for any given
set of conditions, is defined as the lower of:

(i) The output current at which the temperature of any
component reaches 120°C, or

(ii) The current rating of the converter (5A)

A maximum component temperature of 120°C should
not be exceeded in order to operate within the
derating curves. Thus, the temperature at the
thermocouple location shown in Fig. E should not
exceed 120°C in normal operation.

BRDAEEH TRRENERDERTROLESYEELES,

M) WFhhOERDBEA120°CIZEIZELHADOHNEREXRE
(i) N -SDRFFERER (GA)

BETA T DHEERNTEHESE 57012, BMREEF120°CER
RBVFSITTEBLZEN, - T BEBFRICREISR I HED
RERDBEM120°CEBAENLIICLTIESLY,

Note that continuous operation beyond the derated
current as specified by the derating curves may lead
to degradation in performance and reliability of the
converter and may result in permanent damage.
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FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

Seapr: Series

Thermocouple

Fig. E: Location of the thermocouple for thermal testing

Ripple and

Noise

The test circuit setup shown in Fig. F was used to
obtain the output voltage ripple. And Fig. G was used
to obtain the input reflected ripple current waveforms.
The output voltage ripple waveform was measured
across a 1uF ceramic capacitor at full load current.

BIFISRREBRERISH AT VOREICERALTESY . AW LD
BIEICIIEGOHABREREFERALTWET , £ TOHE Y7 VKR

UFDEFIyT U ERFTRELTOES,

Is

e
TuH Vin Vout 0
Input Inductor Vout
+
Cin Co
DC T 4xaTuF DC/DC T 2X47yF
Ceramic Converter Ceramic Ceramic
Vin source Capacitor Capacitor Capacitor
GND GND 0
Fig. F: Test setup for measuring output voltage ripple
Is
TuH Vin Vout 0
Input Inductor Vout
+
Cin Co
1 DC/DC —
<D_9 ——4X47.“F Converter _ 1pF‘ 2x47uF
Ceramic Ceramic Ceramic
Vin source Capacitor Capacitor Capacitor
GND GND 0
Fig. G: Test setup for measuring input
reflected ripple current
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6.0 |
< 50 ® ~ o~ ~ ~ nn
+
C
S40
3
¥ 3.0 —a— 400LFM
s —e— 200LFM
3 20
o & —a— NC(50)

1.0

0.0

30 40 50 60 70 80
Ambient Temp [DegC]

Fig-3.3V-1: Available load current vs. ambient
temperature and airflow rates for Vout=3.3V with
Vin=5.0V. Maximum component temperature = 120°C

100 2.00
[ — e | 1 80 [ J—L

” ——
= = 160 4.5Vin
90 | = |
) S 1.40 —5Vin
. 8 /// — % 1.20 —55Vin
2 —— 4.5Vin 2 -
s 80 i ' 4 1.00 A
‘cl% 75 // —— 9Vin ? 0.80
T} . )
——5.5Vin 2 060 /
Q040 ___L_———
65 | e
0.20
60 0.00
0.0 1.0 20 3.0 40 5.0 0.0 1.0 20 3.0 40 50
Current [A] Current [A]
Fig-3.3V-2: Efficiency vs. load current and input Fig-3.3V-3: Power dissipation vs. load current and
voltage for Vout=3.3V. input voltage for Vout=3.3V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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_5!&#2 Series

s L W S ——

Trig?

2t

MZ2.00ms A Ch1 J 32.80V

20.40 %

Fig-3.3V-4: Turn-on transient for Vout=3.3V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)

Time scale: 2ms/div.

S 5.00vV &Ch2 1.00v

Tek HIME 5.00MS/s 25r.|«3_.cti|s
L4 T

WE 200 AGH Ch2 T00mvAS M 10.0us Chi 7 560méA

Fig-3.3V-6: Output voltage response for Vout=3.3V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2
ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.

http://www.fdk.com

Page 11 of 26

Tek Stop | F ]

M2.00us A Ch3 £ 17.2mV

40.00 %

Fig-3.3V-5: Output voltage ripple (20mV/div.) for
Vout=3.3V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

20.0mV A8

Tek 5.00MS/s 22 rAl_cqs
| LR |

Il 2.00 ACR Ch2 100mVAR M 10.04s Ch1 L 560mA

Fig-3.3V-7: Output voltage response for Vout=3.3V
to negative load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

70
6.0
<50 ® o o ~ ~ B8
)
[
° 40
3
+= 3.0 —=— 400LFM
s —— 200LFM
5 20
o & —+— NC(50)
1.0
0.0
30 40 50 60 70 80
Ambient Temp [DegC]
Fig-2.5V-1: Available load current vs. ambient

temperature and airflow rates for Vout=2.5V with
Vin=5.0V. Maximum component temperature = 120°C

100 2.00
95 — | 1.80
| = 1.60 -
90
= 7 c 140 ——3.3Vin
~ 85 |/ 2 1.20 ——5Vin
3 _ .
S 80 / g.\:/ay|n 2 1.00 5.5Vin
2 " S080 - /
i 7 —— 55Vin 5 060 ]
70 '
T 040 | ;—//"?
65 020 _//
60 0.00
0.0 1.0 20 3.0 40 5.0 0.0 1.0 20 3.0 40 5.0
Current [A] Current [A]
Fig-2.5V-2: Efficiency vs. load current and input Fig-2.5V-3: Power dissipation vs. load current and
voltage for Vout=2.5V. input voltage for Vout=2.5V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
http://www.fdk.com Page 12 of 26 Ver 2.3 Nov. 05, 2007




F DK Delivering Next Generation Technology

FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

_5!&#2 Series

Trig? Tek stop | £ ]

TelcRun |

http://www.fdk.com

2t

MZ.00ms A Chi1 £ 3.80V

20.40 %

Fig-2.5V-4: Turn-on transient for Vout=2.5V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)

Time scale: 2ms/div.

@ 5.00vV &jchz 1.00V

700 AGH Th? T00mvut M 10.0ps Chi 7

Fig-2.5V-6: Output voltage response for Vout=2.5V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2
ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.

Tek SN 5.00MS/s

Page 13 of 26

M[2.00us] A| Ch3 £ 16.4mV
40.00 %

Fig-2.5V-5: Output voltage ripple (20mV/div.) for
Vout=2.5V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

20.0mV e

149 Acgs
i

500 ACK ChZ T00mVuh W 10.0ps TR ©

S60mA

Fig-2.5V-7: Output voltage response for Vout=2.5V
to positive load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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70
6.0
<50 ® 8 8 » » 28
+J
[
S 40
3
+ 3.0 —=— 400LFM
s —— 200LFM
S
© 20 —a— NC(50)
1.0
0.0
30 40 50 60 70 80
Ambient Temp [DegC]
Fig-2.0V-1: Available load current vs. ambient
temperature and airflow rates for Vout=2.0V with
Vin=5.0V. Maximum component temperature = 120°C
100 2.00
95 - P ] 1.80
90 - — I — =1.60 —3.3Vin
- | =1.40 —— 5Vin
385 / / £1.20 ——55Vin
o
5 80 [/ ——3.3Vin 3100 - s
(8]
£75 — 5Vin 2080
L // : 20.60
70 5.5Vin 3 ]
0040 *ﬁ//
65 020 ———
60 0.00
0.0 1.0 20 3.0 40 50 0.0 1.0 20 3.0 40 50
Current [A] Current [A]

Fig-2.0V-2: Efficiency vs. load current and input

voltage for Vout=2.0V.

Airflow rate=200 LFM (1.0m/s) and Ta=25°C.

http://www.fdk.com

Fig-2.0V-3: Power dissipation vs. load current and

input voltage for Vout=2.0V.

Page 14 of 26

Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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TelcRun |

&2

MZ.00ms A Chi1 £ 3.80V

20.40 %

@ 5.00vV &jchz 1.00V

Fig-2.0V-4: Turn-on transient for Vout=2.0V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)

Time scale: 2ms/div.

Tek 5.00MS/s 41 rAquS
H L |

Tl 2,00 ACh Ch2 T00mvVwh M 10.0fs Ch1 F  560maA

Fig-2.0V-6: Output voltage response for Vout=2.0V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2
ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Tek Stop | E
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VoV

M[2.00us] A| Ch3 £ 14.8mV

40.00 %
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Fig-2.0V-5: Output voltage ripple (20mV/div.) for
Vout=2.0V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

Tek SIIE 5.00MS/s 1169 Acgs
i L

Tl 2,00 ACh Ch2 T00mvVwh M 10.0fs Ch1 v 560maA

Fig-2.0V-7: Output voltage response for Vout=2.0V
to positive load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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S
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o 4 —+— NC(50)
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30 40 50 60 70 80
Ambient Temp [DegC]
Fig-1.8V-1: Available load current vs. ambient
temperature and airflow rates for Vout=1.8V with
Vin=5.0V. Maximum component temperature = 120°C
100 2.00
95 r —— 1.80 r
T ——~—— | 2160 ——2.4Vin
90 - ] D— =
= yZzn £ 140 —— 3.3Vin
~ 85 /// £1.20 —— 5Vin
5 80 —— 24Vin 2 1.00 ——55Vin /
& 75 _ .
L [/ —9Vin $ 0.60 —
70 — i
1 5.5Vin S040 | ///
65 E—
0.20 —
—_—
60 0.00
0.0 1.0 20 3.0 40 5.0 0.0 1.0 20 3.0 40 50
Current [A] Current [A]
Fig-1.8V-2: Efficiency vs. load current and input Fig-1.8V-3: Power dissipation vs. load current and
voltage for Vout=1.8V. input voltage for Vout=1.8V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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&2

MZ.00ms A Chi1 £ 3.80V

20.40 %

@ 5.00vV &jchz 1.00V

Fig-1.8V-4: Turn-on transient for Vout=1.8V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)

Time scale: 2ms/div.

700 AGH Th? T00mvut M 10.0ps Chi 7

Fig-1.8V-6: Output voltage response for Vout=1.8V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2
ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.

Trig? Te

Page 17 of 26
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40.00 %

Fig-1.8V-5: Output voltage ripple (20mV/div.) for
Vout=1.8V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

Tekms.OOMS:/s lgf_\cgs
; -]

WY 700 AGh CRZ - T00mvVAR M 10.0ps Chi ©

Fig-1.8V-7: Output voltage response for Vout=1.8V
to positive load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Fig-1.5V-1: Available load current vs. ambient
temperature and airflow rates for Vout=1.5V with
Vin=5.0V. Maximum component temperature = 120°C
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0.0 1.0 20 3.0 40 5.0 0.0 1.0 20 3.0 40 50
Current [A] Current [A]
Fig-1.5V-2: Efficiency vs. load current and input Fig-1.5V-3: Power dissipation vs. load current and
voltage for Vout=1.5V. input voltage for Vout=1.5V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.

http://www.fdk.com Page 18 of 26 Ver 2.3 Nov. 05, 2007



F DK Delivering Next Generation Technology

FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

_5!&#2 Series

2}

MZ2.00ms A| Chi f 3.80V
20.40 %

Fig-1.5V-4: Turn-on transient for Vout=1.5V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)

Time scale: 2ms/div.

@& 5.00V #Ch2 1.00v

Tek EIIiE 5.00MS/s 148¢c§|5
: F-3

I 200 ACH CRZ T00mVAE M 10.0ps CR1 7 560mA

Fig-1.5V-6: Output voltage response for Vout=1.5V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2
ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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M[2.00us] A| Ch3 £ 14.8mV
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Fig-1.5V-5: Output voltage ripple (20mV/div.) for
Vout=1.5V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

20.0mV e

Y 200 AGH ThZ 100mVve M 10.0ps ChT % 560mA

Fig-1.5V-7: Output voltage response for Vout=1.5V
to positive load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Fig-1.2V-1: Available load current vs. ambient
temperature and airflow rates for Vout=1.2V with
Vin=5.0V. Maximum component temperature = 120°C
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Fig-1.2V-2: Efficiency vs. load current and input Fig-1.2V-3: Power dissipation vs. load current and
voltage for Vout=1.2V. input voltage for Vout=1.2V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.

http://www.fdk.com Page 20 of 26 Ver 2.3 Nov. 05, 2007



F DK Delivering Next Generation Technology

_5!&#2 Series

FPMROS5SR7505*A

2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output

TelcRun |

Trig?

&2

@ikl 5.00V ®Chz 1.00V &M2.00ms A Chl - 3.80V

20.40 %

Fig-1.2V-4: Turn-on transient for Vout=1.2V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at

Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)
Time scale: 2ms/div.

Tek EfiTeE 5.00MS/s 162 rAquS
H L |

Tl 2,00 ACh Ch2 T00mvVwh M 10.0fs Ch1 F  560maA

Fig-1.2V-6: Output voltage response for Vout=1.2V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2

ceramic.

Top trace: output voltage (100mV/div.)
Bottom trace: load current (2A/div.)
Time scale: 10us/div.
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Fig-1.2V-5: Output voltage ripple (20mV/div.) for
Vout=1.2V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

20.0mV e

Tek HIUE 5.00MS/s 85 rArcqs
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Fig-1.2V-7: Output voltage response for Vout=1.2V
to positive load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Fig-1.0V-1: Available load current vs. ambient
temperature and airflow rates for Vout=1.0V with
Vin=5.0V. Maximum component temperature = 120°C
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Fig-1.0V-2: Efficiency vs. load current and input Fig-1.0V-3: Power dissipation vs. load current and
voltage for Vout=1.0V. input voltage for Vout=1.0V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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Fig-1.0V-4: Turn-on transient for Vout=1.0V with
application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
Vin=5.0V.

Top trace: Vin (5V/div.)

Bottom trace: output voltage (1V/div.)

Time scale: 2ms/div.

Tek ST 5.00MS/s
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il
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Fig-1.0V-6: Output voltage response for Vout=1.0V
to positive load current step-change from 2.5A to
5A with slew rate of 5A/us at Vin=5.0V. Co=47uFx2
ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Fig-1.0V-5: Output voltage ripple (20mV/div.) for
Vout=1.0V at full rated load current into a resistive
load with external capacitance 47uFx2 ceramic +
1uF ceramic at Vin=5.0V.

Time scale: 2us/div

TekS.OOMS_/s 73 I_f!pcqs
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Fig-1.0V-7: Output voltage response for Vout=1.0V
to positive load current step-change from 5A to
2.5A with slew rate of -5A/us at Vin=5.0V.
Co=47uFx2 ceramic.

Top trace: output voltage (100mV/div.)

Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Fig-0.7525V-1: Available load current vs. ambient
temperature and airflow rates for Vout=0.7525V with
Vin=5.0V. Maximum component temperature = 120°C
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Fig-0.7525V-2: Efficiency vs. load current and input Fig-0.7525V-3: Power dissipation vs. load current
voltage for Vout=0.7525V. and input voltage for Vout=0.7525V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C. Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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Fig-0.7525V-4: Turn-on transient for Vout=0.7525V
with application of Vin at full rated load current
(resistive) and 47uFx2 external capacitance at
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Vin=5.0V.

Top trace: Vin (5V/div.)
Bottom trace: output volt
Time scale: 2ms/div.
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Fig-0.7525V-6: Outpu

Vout=0.7525V to positive load current step-change
from 2.5A to 5A with slew rate of 5A/us at Vin=5.0V.

Co=47uFx2 ceramic.

B W 10.0ps Chi & 560mA

t voltage response

Top trace: output voltage (100mV/div.)
Bottom trace: load current (2A/div.)

Time scale: 10us/div.

http://www.fdk.com

Fig-0.7255V-5: Output voltage ripple (20mV/div.)
for Vout=0.7525V at full rated load current into a
resistive load with external capacitance 47uFx2

ceramic + 1uF ceramic at Vin=5.0V.

Time scale: 2us/div
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Fig-0.7525V-7:
Vout=0.7525V to positi

Output
ve load current step-change
from 5A to 2.5A with slew rate of -5A/us at

B W 10.0ps Chi \  560mA

voltage response

Vin=5.0V. Co=47uFx2 ceramic.
Top trace: output voltage (100mV/div.)
Bottom trace: load current (2A/div.)

Time scale: 10us/div.
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Mechanical Drawing

g 1.5 0.1
= (0.060+0.004)
< 2 ; ea] ;
S BRIl 3 3|5
20.3:05 Gl r=Rag e 2 3 £ e
(0.75%+0.020} S o e S
TOP VIEW OF BOARD 2l 3 /.83 B
L ] A
3 (0.190) J
8.89
- - - {0,350)
| 12,95
[N N R N - 1.48 0,510} . (0.510
5% 5|% (0.058) 17.52 17.52
EIE E|E 0.690) 0.690)
S|h &l
-~ 8 Fella
3 o
SDE VEW OF BoARD @ ° TOP VIEW OF BOARD RECOMMENDED PAD LAYOUT
Pin Connections ‘
Pin # Function Notes _ L _
- All dimensions are in millimeters (inches)
1 Vin - Unless otherwise specified, tolerances are +/- 0.25mm
> GND Connector material: Copper
- Connector finish: Gold over Nickel
3 TRIM - Converter weight: 0.0780z (2.29) typical
4 Vout - Converter height: 6.0mm Max
ou Recommended surface-mount pads: 2.1 x 2.6mm
5 ON/OFF

Part Numbering Scheme

Product Shape Regulation Input Mounting Output Rated ON/OFF Pin
Series P 9 Voltage = Scheme Voltage Current Logic Shape
FP M R 05 S R75 05 * A

. . 0.75Vv . ;
Senes | Middie | o K| Typ=sv | SUM8% | (programmable: | 5a | o He9AVe | grp
9 See page 6) :
Cautions

NUCLEAR AND MEDICAL APPLICATIONS: FDK Corporation products are not authorized for use as critical
components in life support systems, equipment used in hazardous environments, or nuclear control systems
without the written consent of FDK Corporation.

SPECIFICATION CHANGES AND REVISIONS: Specifications are version-controlled, but are subject to
change without notice.
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