F DK Delivering Next Generation Technology

5;«/3;: Series

FPMROS5TR7505*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.

SEEREIDC/DCIUN —ID TEAPLZ Y- R IZE RIBEDPOLIIN -5
LRLHFRITHH TENERNEE. RTEERELZRELE
ER

ANEBE24V-55VTEIELET DT, COIUN A& EHE, Sl
HEERE. SR RUREDVLVRETOSEEENEREIND
IBA, X [$DPATOEAIZHETT

The FPMRO5TR7505*A converter of the Szapsz
Series delivers 5A of output current at a tightly
regulated programmable output voltage of 0.7525Vdc
to 3.63Vdc. The thermal performance of the
FPMRO5TR7505*A is best-in-class: No derating is
needed up to 85°C, under natural convection.

Senrsz 4)-2° 0 FPMROSTRI505%A [ & L\ & [E #& FE T0.7525V ~
3.63VDEZEEZEIHLET , FPMROSTR7505%AM B E i1t L5 Rz =L
ANVTY, BARFREH TS CETT LTI EREELFE A,

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.

EIBEERET, MBLERE, RUN Y-V V) A O R THIRERDE
EHEE. EEERERBAICRELSATOET, FEICBLS
BLEETRIEEGRBHREG. BRERRN. RUFDKORELHRD
B#EETnRIckYB5ShET,

Applications

¢ |ntermediate Bus Architecture
PN AEBRYATA

e Telecommunications
TLALYATA

o Data/Voice processing
T —40EE Y AT A

e Distributed Power Architecture
PRREBIRYATL

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

Page 1 of 26

RoHS compliant

RoHS#EHL

Delivers up to 5A (18.15W)

5A (18.15W)FE THHE AT BE

High efficiency, no heatsink required
ENE-RBBENTE

No derating up to 85C

85CE TT VT4V R

Negative and Positive ON/OFF logic
ON/OFFRY YN T47 &RV 747

Industry-standard SIP pin-out
ERIZEDSIPEVL(TIH

Small size and low profile: 0.90” x 0.40” x 0.195”
nominal

INEY O {EEE (22.9 x 10..2 x 4.95mm)

Programmable output voltage via external resistor
SNEEROERICKYT D AR N ERE

No minimum load required

RINAFITE

Start up into pre-biased output
HAIZTINATAD B> THIEEN AT BE

Remote ON/OFF

1)JE—hON/OFF#44E

Auto-reset output over-current protection
BETIREREE: BBER

Auto-reset over-temperature protection
MERINZRER R BBER

High reliability, MTBF = 1 Million Hours

= E#EM: MTBF = 1 Million Hours

UL60950 recognition in U.S. & Canada, and CB
Scheme certification per IEC/EN 60950(Pending)
UL60950, CB SchemeER13(F TE)

All materials meet UL94, V-0 flammability rating
£TOEGRIE UL V-0ITEE
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FPMROS5TR7505*A

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

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

noted.
EEMNENES . ETOAKIIEESWEANBE. 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)

Module Off 2.4 Vin Vdc

Module On -5.0 0.8 Vdc

ON/OFF Control (Positive Logic)

Module Off -5.0 Vin-1.6 | Vdc

Module On Vin-0.8 Vin Vdc

'Absolute Maximum Ratings  #xtEKE®
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 BREREBZANAIE, HEEDET., REEEEOET. RUTV -V OBBESIEEITENBYET,
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FPMROS5TR7505*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 2.2 24 Vdc
Turn-off Threshold 1.95 21 Vdc

Maximum Input Current 5Aout at Vin min
Vout=3.3V 4.0 Adc
Vout=2.5V 42 Adc
Vout=2.0V 3.4 Adc
Vout=1.8V 42 Adc
Vout=1.5V 3.6 Adc
Vout=1.2V 3.0 Adc
Vout=1.0V 25 Adc
Vout=0.7525V 2.0 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 46 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) 25 mAp-p

http://www.fdk.com
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FPMROS5TR7505*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 20 50 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 2.5A to 5A with di/dt= 5A/uS Co=47uF x 2 ceramic + 1uF ceramic 100 mV
Setting time (Vout < 10% peak deviation) 20 uS
lout step from 5A to 2.5A with di/dt= -5A/uS Co=47uF x 2 ceramic + 1yF ceramic 100 mV
Setting time (Vout < 10% peak deviation) 20 uS
EFFICIENCY Full load (5A)
Vout=3.3Vdc 95.0 %
Vout=2.5Vdc 93.0 %
Vout=2.0Vdc 91.5 %
Vout=1.8Vdc 91.0 %
Vout=1.5Vdc 89.5 %
Vout=1.2Vdc 87.5 %
Vout=1.0Vdc 86.0 %
Vout=0.7525Vdc 82.5 %

http://www.fdk.com Page 4 of 26 Ver 2.0 Feb. 8, 2008
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FPMROS5TR7505*A

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

Operation
Input and Output Impedance

The FPMRO5TR7505*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).
FPMROSTR7505%A& A JIEIRMA (FE/ UL -5 VA THEBL TS, 3
IN-IDEREEICEEDHDIANVT140AE A D=6, TN —4D
ABEVDIEBEIT DTV AT I EAFINT 5T HEHLET ., C
NIZKYIIN-IDREEEEREEICL. ARV T VEEEMHILET
EESRIVAN . RIEZDMDIVT U6 —RIICIEREHYEE A
ANV T VERMIT BF=HI21F ., FEEITIBESRIVT VH(£7399T200
UFLLE)EHRELET N —4B FITA AN EBRIHBIEESRD5x2.2 4 F
IR DT U EREELTOES,

The FPMRO5TR7505*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.
FPMROSTR7505%A & H 2 T (Fa0 T U AV EVOKREE TR EL TE
ELET AT NERMIT B8 BIERESRD 173970 T VD%
EHELET . BEFOFER LEEAWTVERD-OICAT O
SEEITABIEESRE IV VT U ERET HLEHBOLET .

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.
CONAFEAHFEARBOEEN T EHET SEUAHF &%
FTOWEEA, BEOBVERFEEZRET 5012, w40 A
MOBTETDIMAVE =T VRITATREERYIESL T,

—O Vin Vout O
R*
Vin —O ON/OFF
<§>Rload
—? 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 3), 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(BEFEEVIERAD &SI, ¥'IUN BB VERELELLIZYE-H
EEICLYIUN—4ZON/OFFF2DIfEHhNET, 077 ENYT4T
AY YSRGS 518 . 288D TPVt A-LE B IRATEET T,

AN FTET VIV DIBE AUV -4EONT BIZ(E5FEL VELowbA b, X
RIEHEL . AN 9% OFF T BIZIF5BEL VEHighbAL, RIZVin&HEHT
ELFET KV T AT Vv DB E  IUN-4EONT BIZ(E5FE L VEHighl
A, VinlZHEERE . RUTKRIBHEL . AN -4 OFFF 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-WREBTVInIZT W7y 7S
NTWET . F-7VaAVI4 =TV L4Y) DI50Y RIHYON/OFFE Y D
YEIZEFATTEETY
ON/OFFEVHIR1ET BT NARICIE T REENDBETY,

(a) LowbA N TO.AmARREE D VU IRE S

For a negative logic option, the ON/OFF pin (pin5) is
internally pulled-down. A TTL or CMOS logic gate, or
an 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)
' F4TET VAV DIBE  ON/OFFE VIEE 1-WNER T NS )vEhTL
F, TTL. CMOSBY™vY, XIEA-7VaALIaF=7INAY) DIFVY 2494
ON/OFFE Y DR MEIERATRIBETY o A—7 VALY (=7 UM LAY DIV
AEERAT BTk Q D7 LTI EIREVinl iR L TS,
(HASER)

ON/OFFEVHIR1ET BT NARICIE T REENDBETY,

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

(c) 2.3V-5VDHighRy LA L TO.25mAE TH HEIARE N
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FPMROS5TR7505*A

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

Output Voltage Programming (Pin 2)

The output voltage of the FPMRO5TR7505*A
converter can be programmed from 0.7525V to 3.63V
by using an external resistor or a voltage source

FPMROSTR7505%AM H W EE (XS ERIEZHEHK T 5H . XIFHEHE
JEEENINY AT ET 0.7525V~3.63VETHZAIEETY ,

External Resistor

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

SHERIEHT RrpmlE TRIMIGF(2F L") EGND R F(3FE"Y) DR IZHEHEL
TLEZEW, BBE S8, Rpgy PEH. RULELGENEREIERDK
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.
Ry DAZEIFHABEDOLEICEELET, FLEAEDERKIRIC
BLTIE EEMTINXIF05REDIERTHA T LALGENS, &
ULV DFEEDT-HICI, ERIALYB2RZEHIIZHERLES,

Table 1: Trim Resistor Value

The Closest
Vores [V] Rrem [kQ) Standard Value [kQ]
0.7525 Open
1.0 80.02 80.6
1.2 41.97 42.2
1.5 23.08 23.2
1.8 15.00 15.0
2.0 11.78 11.8
25 6.95 6.98
3.3 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, Rexy, between
the TRIM pin and the programming voltage source is
recommended to make trimming less sensitive.
NEBBREE->THABEEALT I, TRIMIGFIVern OEE
EEMLET , EEZRELNHBTEL0EET -8, TRIMEFF &5
BERBICEREESICHERT S LEHEOLET.

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

Ve BEIETREOKICKYEHMNAIEETT,

(5.11+Regr )(Vopeq - 0.7525)

Table 1IZ—RREIGH N EEEHRET HROEMELZRRLET . 1= Ve, =0.7 - V]
Table 1AM A AL B A DEELRRLTLOET, 30.1
Table 2 lists values of Vgrre for Rexr=0 and
O— 10O Vi Vout O Rexr=15kQ.
Load Table 2[ERey=0D B ERpyr=15kDEE DV BEEFRLTLNET S
. O On/off =
i
O——C\ GND TRM O RTjM Vo-rea [V] Vcrre (Rext=0) Vcrre (Rext=15k)
N 3 0.7525 0.700 0.700
1.0 0.658 0.535
Fig. B: Configuration for programming output voltage 1.2 0.624 0.401
1.5 0.573 0.201
1.8 0.522 0.000
2.0 0.488 -0.133
25 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 2.0 Feb. 8, 2008
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FPMROS5TR7505*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.
BELTLSIRETANEENATYPT2IVERRBIZASDE, 20N -4
FEBMICFEIELET T ANBEMNTYPT22VELEIZASE. O
DN EBMICEEERIRLET,

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-AEBEREERICHLEACRELETT . BERREIZLS
&L 2DAVN-RIFNWA-N{-N VA HICCUPE-FIZAY  BEFIKEMN
EREN D EVoutl LBEDBEICRYET . (BEN 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 SRE R EMEEEHE > TR
KEMSRESNTOET EELBHEEHLEICEYMBRELT)
T HE N AEBEBMICELLET . REGBEFTTINSE, 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 RILLI-OTPH
BEEMA MY o ENTEET . ERABERHLEICIYMBRES
EMET AL N FEEBMICIELLET . REGBEEETTINSE,
BEMICEREBLETS . (BEEIL)

http://www.fdk.com
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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
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.

C DI —41FUL60950LEN60950I= & BdL K, RUERMAREHE
EFHELTOEY, COIWN-ALEEDEEFRHTITE LV TSELVD
EHUEFBLLTEY. AHBESELVTHNIEH ABEELELVERYE
T ABL. SOIN-FIEREIZL1- R EF>TLERAD T, REHE
ISEESER=OIZE. ARFvDTFAEIIZEIHTE TR EHE10AD
E1—RE L TZELY,
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FPMROS5TR7505*A

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

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.

COIVN-SERETIV-T00 . N BHEK. R5-I7y7 8 RU
Sy VB DEME, Y7L MR BIMBREBREEET . SFESE
HEERETHREMTONET,

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.

FEHABEROT -4 REEBORIELEON -V ITBEIhTOE
T BIEFig *VH#D ESITBEHFFSNTEY  +VITHNEEERL.
HIBFEDTIMERLET, HIZIE Fig*v-2EHNIE +VEH A TOR
ERHERLET.

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.

BIEHE. RUBBENMZEEICTIL-HIC. 2 TOERE. RUME
T RIS B EFHEA - (Caun —4FF B FLTERBLT
WET  REFES - ZFOKERORRAXRBRERBRNICERETHIL
T . RERBE. RUBRZZRFEICEELTLET,

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 N XEX0.060"(1.6mm)ED4EPCBTIERL TLVET . &
E2BOMRBEIFIVN -IERET 5O DN N EFDERZADNI-2D
HITPRELTULET ., REREBX70u mOFSETEA. RUITIVN MY
ERRLTOET  COLSITRBORBEERY DAL IZREFE
K=NIE, 3N -4DS5PCBADEDHEITEHIBL . 7-AM -2 TH YL
ALFEOEVEEFEFHEERLTOET,

http://www.fdk.com
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Fig. C: FDK Original Wind Tunnel

Fig. D: Test Chamber

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)

FOKHFE O RFAEBREE X KFEARDERESLFME A RER
% NC)M5600LFME THRZE [CHIHTE ., IRITIEAE (330°CH585°CE
HHTEEY  REAEICITFRIMRIRY -/ 57 EBBREFERALT
WET ., (ACRURDSER)

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-IDEEEEROERRETRETAILEHEOLET HIC
EFERALOBRMNBET A -T() ORKEITEVGE (FRIE LB
ETY BERECERIMEY -7 771, RITBERESMHEO
TET REMEFERATLHE. ROHIFICREILERHCTHE, B
EEREFLUCT B0 AWGIODRATBREHRLET . REXNTO
BIE IS RBLEERIEREITRLET .
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FPMROS5TR7505*A

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

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
vertically, and the airflow was parallel to the long axis
of the converter, going from pin 1 to pin 5.

*W-1EHIBRREELABDOEHTICETHRREAERERL
F7 . RIFRE LA ENC(50LFM)~400LFMD £ 44 T30°C ~85°C DA
EEBHSETVET, WNSFEEICKEL. ARSEIONIORF
FREICFETTIBLVNDSBELVICHEITTRNTOET,

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

(i) 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.

BFROUEEH TERRENERDERF TROLEEYEELES .

M) WFhHOIBROBEM120°CIEELLBAOEDERBEXIE
(i) WN-ADRIRERER (5A)

BETA-T) DEERNTEHESE 57012, BBREEIT120°CER
ZEVNGSICTEBLZEN, - T BEBERICHEISRTMED
BB DREMNM20CEBRENEIICL TS,

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.

HABRT W -TI -7 CTHRESNEERERTBA - ERLE

fEIE. HREDET . EREDET . RUE 1- VOB ESIER T
ERHYFET

Thermocoupl

Fig.E: Location of the thermocouple for thermal testing
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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.
BFISRYHBRERIEH DYy VOBIEICEALTEY . ADWIAD
AEICIIRGORREBEEFEALTOVES . 2 TOHE DT VKR
UFDEF39)0T WY&} TRIELTVET,

_—
uH Vin Vout 0
Input Inductor
Cin Co
Ax4TyF DC/DC T WF T 2xd7pF
Ceramic Converter Ceramic Ceramic
Vin source Capacitor Capacitor Capacitor
® GND GND 0

Fig. F: Test setup for measuring output voltage ripple

Vin Vout O

1uH

Input Inductor

Cin DC/DC Co

<D—9 4x47yF Converter —— WF __ 2x47uF
Ceramic Ceramic Ceramic

Vin source Capacitor Capacitor Capacitor

® GND GND 1o}

Fig. G: Test setup for measuring input
reflected ripple current
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Output Current [A]

7.0
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40 r
3.0 —=— 400LFM
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2.0 —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
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: 1.6
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S 80 » 1.0
.0 0

&% 75 9038

w 70 0.6

04

69 0.2

60 0.0

0 1 2 3 4 5 0 1 2 3 4
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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FPMROS5TR7505*A

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

Smw Series

Tek Run | ; it ] Trig?

2t

MZ2.00ms A Ch1 J 32.80V
2040 %

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 Stop

- . . i . . PP,
'mm T A e e i e T A A R o
A A AR AV YT T R

o

@ 100mY A M[20.04s A Chd & 3.854

Ch4[ 2.50 A (&
i[20.00 % |

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 (2.5A/div.)
Time scale: 20us/div.
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Tek Stop | — ]

M[2.00us| A| Chi F —400pV
20.00 %

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

@ 20.0mvaa)

o

@& 100mv "5 M20.0us] A Chd \  32.85 A

Ch4[ 2.50 A G8f
i1[20.00 % |

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 (2.5A/div.)
Time scale: 20us/div.
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70

6.0
< 50 % ~ o~ ~ ~ nn
)
[
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3
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o & —a— NC(50)

10

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
95
90
85
80
15
10
65
60

Efficiency [%]

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

Tek Stop | i 1

'MVWW e e AR A AR A AR A A A A A A A A "
#vvrvyvvvvvv YV VY Y VY YV VY WY

EY

S 100mV A5 M[20.04s A Chd 7 3.85A
Chd| 2.50 A 8

20.00%

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 (2.5A/div.)

Time scale: 20us/div.
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Tek Stop | i ]

@ 20.0mv ) M2.00us] A Chi J —400pV

20.00 %

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

Tek Stop | i 1

. LA A A A A A A A A A A A kA A
M' VAR AAAAAAARAAARAAARAAAAAAAAAAN

£

EY

S 100mV A5 M[20.045 A Chd . 3.B5A

Ch4[ 2.50 A OR
1[20.00 % |

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 (2.5A/div.)
Time scale: 20us/div.
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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
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Efficiency [%]
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Current [A] Current [A]

Fig-2.0V-2: Efficiency vs. load current and input Fig-2.0V-3: Power dissipation vs. load current and
voltage for Vout=2.0V. input voltage for Vout=2.0V.
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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2.4-5.5Vdc Input, 5A, 0.7525-3.63Vdc Output
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Tek Run | F ii ]

e

MZ.00ms A Chi1 £ 3.80V

0120.40 %

@ 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 Stop | i 1

A Aot oA A A A A A A A A A A A A
hiddd i ladsdiddssddhaddd haddddilaad bnd bl dl L

EY

S 100mV A5 M[20.04s A Chd 7 3.85A
Chd| 2.50 A 8
1120.00 %

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 (2.5A/div.)

Time scale: 20us/div.

http://www.fdk.com

Page 15 of 26

Tek Stop | i ]

M2.00us] A Chi J —400pV

120.00 %

@ 20.0mv )

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 Stop | i ]

- : o AAAAAAAAAAAAAA AR DAL A SR DA A AA A AR A
MYV Y VI Y AV WA WAWAAAAAAAY

@t
@& 100mv "5 M20.0us] A Chd \  32.85 A
Chd| 2.50 A &H
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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 (2.5A/div.)

Time scale: 20us/div.
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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
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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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@ 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.

Tek Stop | i 1

Aok b A A LA A A A A A A ey
AR VARV VT

EY

S 100mV A5 M[20.04s A Chd 7 3.85A
Chd| 2.50 A 8
1120.00 %

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 (2.5A/div.)

Time scale: 20us/div.
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@ 20.0mv )

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

@& 100mv "5 M20.0us] A Chd \  32.85 A
Chd| 2.50 A &H
20.00 %

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 (2.5A/div.)

Time scale: 20us/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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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 2.0 Feb. 8, 2008




F DK Delivering Next Generation Technology

FPMROS5TR7505*A

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

Smw Series

http://www.fdk.com

TekRun | F

2}

MZ2.00ms A| Chi f 3.80V
ii[20.30 %

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.
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Tek Stop | — ]
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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 (2.5A/div.)
Time scale: 20us/div.
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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 )
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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 (2.5A/div.)
Time scale: 20us/div.

Ver 2.0 Feb. 8, 2008



F DK Delivering Next Generation Technology

Smw Series

FPMROS5TR7505*A

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

7.0
60
< 50 % ~ ~ ~ ~ nn
]
[
g 40
S
= 30 —=— 400LFM
s —— 200LFM
3 20
C = —— NC(50)
10
0.0
30 40 50 60 70 80
Ambient Temp [DegC]
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
voltage for Vout=1.2V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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Fig-1.2V-3: Power dissipation vs. load current and
input voltage for Vout=1.2V.
Airflow rate=200 LFM (1.0m/s) and Ta=25°C.
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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.
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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 (2.5A/div.)
Time scale: 20us/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
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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 (2.5A/div.)

Time scale: 20us/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.
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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 (2.5A/div.)
Time scale: 20us/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
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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 (2.5A/div.)

Time scale: 20us/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
Vin=5.0V.

Top trace: Vin (5V/div.)

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

Time scale: 2ms/div.
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Fig-0.7525V-6: Output voltage response for
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.

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

Bottom trace: load current (2.5A/div.)

Time scale: 20us/div.
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Fig-0.7525V-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

@& 100mv "5 M20.0us] A Chd \  32.85 A
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Fig-0.7525V-7: Output voltage response for
Vout=0.7525V 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 (2.5A/div.)
Time scale: 20us/div.
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Mechanical Drawing
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Unless otherwise specified, tolerances are +/- 0.25mm
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Pin Connections
Pin # Function Notes . . L .
All dimensions are in millimeters (inches)
1 Vout
> TRIM Connector Material: Copper
Connector finish: Tin over nickel
3 GND Converter depth: 0.0740z (2.19)
4 Vi Converter height: 10.7mm max
n Recommended through hole: ®1.2mm
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 T R75 05 * A

. . 0.75Vv . ;
Senes | Middie | o K| Typ=sv | ThOMN | programmapte: | 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.

http://www.fdk.com

Page 26 of 26

Ver 2.0 Feb. 8, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




