F DK Delivering Next Generation Technology

,;!NQJJ’ Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

The Sense: Series of isolated dc-dc converters
deliver  exceptional electrical and  thermal
performance in industry-standard footprints for
isolated brick converters. These are the converters of
choice for Intermediate Bus Architecture (IBA) and
Distributed Power Architecture (DPA) applications
that require high efficiency and high reliability in
elevated temperature environments with low airflow.
$RBET)9IDC/DCIIN—AD Sense? v ($ % RAEL DL VES]
T.BOHTEL-BERNEHE. RUBEFEERELES, o1
N-lE R RUREODLVRETEME, SEEENERSH
BIBA, X IDPATOERIZHZETY

The FPER48Txyz30*A converters of the Sense:
Series are eighth brick converters that operate from a
36Vdc to 75Vdc input and provide tightly regulated
standard output voltages from 1.2V to 3.3V. They
deliver up to 30A of output current. Their thermal
performance is excellent: no derating is needed up to
75°C with 400LFM airflow.

Sense: Y)-R"D FPER48Txyz30%A[%36V~75V A W CEIEL . 1.2V
~3VOEMEEH N EEREEEZRA-I(RA7Yy)IUN-4TT, 30A
#H HTRETY ., FPER48Txyz30*AlXEBN - BEH LT HF->TIVE
T, 400LFMD EHTIS CETTAL-TIVIERBEELER 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.

EIRRERE. MBS, RUN Y-V UV B OB R THIREHDE
EREE SEERERRAICRBELINTOES, FRICEAL:
RBELEEM IS ELERRE ., BER M. RUFDKD R L
DB ET R &Y =0ENET,

Applications

¢ Intermediate Bus Architecture
RN ARV AT

e Telecommunications
TLALYATLA

o Data/Voice processing
T —40IBY AT L

e Distributed Power Architecture
PEEERVATA

o Computing (Servers, Workstations)
I ARG —N -, T-HAT—V3Y)
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FPER48Txyz30*A

Features

¢ ROHS compliant RoHS#EH#L

o Delivers up to 30A (99W)
30A (9OW)E THEAR AT E

e OQutputs available: 1.2, 1.5, 1.8, 2.5 and 3.3Vdc
HAATTHEH WEE:1.2, 1.5, 1.8, 2.5, 3.3Vdc

e Industry-standard eighth brick footprint and pinout
ERIZED1/87Y99 79MI Y ubEL VEES

e Small size and low profile: 2.30” x 0.898” x 0.421”
INIE K TMEE(58.4 x 22.8 x 10.7mm)

¢ No minimum load required

e Start up into pre-biased output
HAIZTYN AT AR B> THEEN AT AR

o Meets basic insulation requirements of EN60950

¢ Input to output isolation: 1500Vdc
A AR D #E#: 1500Vde

o Positive or negative logic remote ON/OFF option

o Fully protected: OCP, OTP, OVP, UVLO
REWEE: BER. WA BEE. BEEMITI

o Remote output voltage sense

e Output voltage trim (+10%/-20%) using
industry-standard trim equations

e High reliability, MTBF = 3.5 Million Hours (@30°C)
= {E%M: MTBF = 3.5 Million Hours (@30°C)

e ULB0950 recognition in U.S. & Canada, and CB
Scheme certification per IEC/EN60950
UL60950, CB Scheme EBEF

e All materials meet UL94, V-0 flammability rating
2TOEFRIE UL V-0IEES

e Meets conducted emissions requirements of FCC
Class B and EN55022 Class B with external filter
SMERI(LI— 1T EDIKRETFCCYFAB. RUFEN5502257AB% i B L
EX

RMEFEFE
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Delivering Next Generation Technology ; a
F DK €A 8£&4 Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

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

FEMNENGSS IREEESNEANEBE., AfF. EEEETERSNET.
Conditions: Ta=25degC, Airflow=300LFM (1.56m/s), Vin=48Vdc, unless otherwise specified.

PARAMETER NOTES MIN TYP MAX UNITS
ABSOLUTE MAXIMUM RATINGS'
Input Voltage Continuous 0 80 Vdc
Operating Temperature Ambient temperature -40 85 °C
Storage Temperature -55 125 °C
ISOLATION
Isolation Voltage 1500 Vdc
Isolation Resistance 10 MQ
Isolation Capacitance 220 pF
INPUT CHARACTERISTICS
Operating Input Voltage Range Continuous 36 48 75 Vdc
Input Under Voltage Lockout
Turn-on Threshold 33 34 36 Vdc
Turn-off Threshold 31 32 33 Vdc
Input Voltage Transient 100mS 100 Vdc
Maximum Input Current 30Adc out, @36Vdc in
Vout=3.3 VDC 3.3 Adc
Vout=2.5 VDC 25 Adc
Vout=1.8 VDC 1.9 Adc
Vout=1.5 VDC 1.6 Adc
Vout=1.2 VDC 1.3 Adc
Input Stand-by Current (module disabled) Vin = 48V, converter disabled 25 mA
Input No Load Current (module disabled) Vin = 48V, converter enabled
Vout=3.3 VDC 55 mA
Vout=2.5 VDC 45 mA
Vout=1.8 VDC 40 mA
Vout=1.5 VDC 40 mA
Vout=1.2 VDC 40 mA
Input Reflected-Ripple Current, is ;ﬂhg:g’geouH source
Vout=3.3 VDC 2 mAp-p
Vout=2.5 VDC 2 mAp-p
Vout=1.8 VDC 2 mAp-p
Vout=1.5 VDC 2 mAp-p
Vout=1.2 VDC 2 mAp-p

'Absolute Maximum Ratings ~ #xt& K E

'Stresses in excess of the absolute maximum ratings and operation beyond the rated current as specified by
the derating curves may lead to degradation in performance and reliability of the converter and may result in
permanent damage.
M BRAEREBRANRET I -TTI-TICEYRESN-EREREEABMET, HECET. REEELOET. RUTV 1-LOHEE
BIEECTIENHYET,
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F DK Delivering Next Generation Technology

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

,;!NQJJ’ Series

BRI ()

Conditions: Ta=25degC, Airflow=300LFM (1.5m/s), Vin=48Vdc, unless otherwise specified.

Electrical Specifications (Continued)

PARAMETER NOTES MIN TYP MAX UNITS
OUTPUT CHARACTERISTICS
Output Voltage Range
(Over all operating input voltage, resistive load -1.5 +1.5 %
and temperature conditions)
Load Regulation Sg;:}gg'z T 5 A0 +2 5 mV
Output Ripple and Noise BW=20MHz S;’;::IEF tantalum + 1uF 50 mVp-p
External Load Capacitance Plus full load (resistive) 20,000 uF
Output Current Range 0 30 A
Output Current Limit Inception (lout) 315 36.5 42 A
Output Short-Circuit Current Short=10mQ 15 Arms
Transient Response - Co=470uF os-con + 1QpF 150 mv
50%-75% load step change with di/dt=5A/us |tantalum + 1uF ceramic
Efficiency 100% Load (30A)
Vout=3.3 VDC 90.0 %
Vout=2.5 VDC 88.0 %
Vout=1.8 VDC 85.5 %
Vout=1.5 VDC 84.0 %
Vout=1.2 VDC 82.0 %
50% Load (15A)
Vout=3.3 VDC 91.0 %
Vout=2.5 VDC 90.0 %
Vout=1.8 VDC 87.5 %
Vout=1.5 VDC 86.0 %
Vout=1.2 VDC 84.0 %
FEATURE CHARACTERISTICS
Switching Frequency Output 500 kHz
Turn-On Delay Time with Vin and Enable. 5 ms
Rise Time (Full resistive load) grg:{}&:agﬁ;(nom) to 5 ms
ON/OFF Control (Negative Logic)
Module Off 25 20 Vdc
Module On -0.5 0.8 Vdc
ON/OFF Control (Positive Logic)
Module Off -0.5 0.8 Vdc
Module On 2.5 20 Vdc
http://www.fdk.com Page 3 of 25 Ver. 2.2 Jan. 28, 2009




F DK Delivering Next Generation Technology

45!&9!3 Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

Operation

Input and Output Impedance

Inductance associated with input and output power
lines can affect the stability of the FPER48Txyz30*A
converter. The addition of a 100uF electrolytic
capacitor with an ESR < 1Q across the input will help
to ensure stability of the converter in many
applications. To cover applications where decoupling
capacitance is needed at the load, the converter has
been designed to exhibit stable operation with
external load capacitance up to 20,000uF.

AN RUH AT D105 550 A X FPER48Txyz30%A DL EEHEIZK
EREENHBYET, Z2LDT77V-VaVTANFIVIZESRI QKRFED
100 4 FERIVT U ERFITAIETIVN - 4D REEENTRETT ., &
FHRICT hy7 Vo) AT U DMEKT 7 —YavTlE, 20,000 4 FETREL
TEMET B LI ETINTLET,

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.

AW VER/MIT B0 BIEESROtIIVIIVT VY DIEFEHE
LET. BEFOHMERLEE AT IMEBD-OICATDEREIZC
NEDWTVIERETHLEHEHLET,

ON/OFF (Pin 2)

The ON/OFF pin (Pin 2) can be used to turn the
converter on or off remotely using a signal that is
referenced to Vin(-) (Pin 3). Two remote control
options are available, corresponding to positive and
negative logic. A typical configuration for remote
ON/OFF is shown in Fig. A.

ON/OFFifi F2&FEL VX Vin-GEL NEREELLIYE-MESITXYIY
N—3%ON/OFF 2DITERTEEY, YE-PIVI-RIEH Y T7 &0
TA7 D2FEFENARETY . — A% E—FON/OFFEIBRZER-AIZRL
£

In the positive logic version the converter turns on
when the ON/OFF pin is at logic high (open) and
turns off when it is at logic low. When the ON/OFF
pin is left open, the converter is on. Voltage ranges
for logic high/low are provided in the Electrical
Specifications section.

Y747 RY ) ILON/OFFE'Y AN TRERAIIZHigh (open) TEITEL . FRIZM
ISLowTEIELFET ., ON/OFFE VA RIER (A-7VDHE. 3N -4
[FONLFET, MEMHigh/LowDEEHEITER M ELZSRL
=&,
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In the negative logic version the converter turns on
when the ON/OFF pin is at logic low and turns off
when it is at logic high (open). If the ON/OFF pin is
connected directly (shorted) to Vin(-), the converter
will turn on without the need for a control signal.

A0 T47°0Y 91X ON/OFFE U AV SR BB ICLow TEIEL . SR ERAYITHigh
(open) TELLLET . ON/OFFEVANVIN(IZHEHINTLSIHE . Vb
A-MEE M ESCTHIVN -4IXONLET,

The ON/OFF pin is pulled up internally. A mechanical
switch, open-collector transistor, or FET can be used
to drive the ON/OFF pin. The device must be capable
of sinking up to 0.2mA at a voltage =0.8V. An
external voltage source (+20V maximum), capable of
sourcing or sinking up to 1mA depending on the
polarity, can also be used to drive the ON/OFF pin.
ON/OFFEVIZE/ 1-WNER T WFy7 SN TLVET , ON/OFFL V% ERS)
T BEOITHBBAYTF . F-77VaV94-b500 28, RILFETZ{E AT 8
TY, HATHHRAIT0VUTOEETO2mMAETEREREILE
ABHYET. ImAETREDHMEBEREGEK+20V)HON/OFFE Y& BR
HIHOIHERTRETT,

O ON/OFF

Converter

O Vin—

Fig A: A typical configuration for remote ON/OFF

Ver. 2.2 Jan. 28, 2009



F DK Delivering Next Generation Technology

45!&9!3 Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output
Remote Sense (Pins 5 and 7)

To compensate for voltage drops that occur between
the output pins of the converter and the point of
regulation (typically, the load), the SENSE(-) (Pin 5)
and SENSE(+) (Pin 7) pins should be connected
across the load or at the point where regulation is
needed (see Fig. B).

WN IO AEFEEEFIEABELH (VMGEE BFIREDH TR
T HEERTEMET H71=IZ(E. SENSE(-) (Pin 5) & SENSE(+)
(Pin 7) ZEFAIN. RIZEEFEENDEGF(VMIERLET. (KB

— | @Vin(+) Vout(+) ._/\,
SENSE

T FPER Series ) o

Vin Converter TRIM @ Rload
SENSE (-) e

— | @Vin(-) Vout(-) ._/\,

Fig. B: Circuit configuration for remote sense

If remote sensing is not necessary, the SENSE(-) pin
should be connected to the Vout(-) pin (Pin 4), and
the SENSE(+) pin should be connected to the
Vout(+) pin (Pin 8) to ensure proper regulation of the
converter output voltage. If the SENSE pins are left
open, the converter will regulate at an output voltage
that is slightly higher than specified.
JE-MEVADRBETHEDS, SENSEC)E VI(HVout(-) 4FEE™Y) &,
SENSE(HEVIEVout(+) (BFEY) ITHL H N EXEDEXRELRER
IZLET. SENSELVAERIN TUOVENWEEAERIEREDNELYH
ITHZERLET,

To minimize noise pick-up, traces from the SENSE
pins to the load should be located in proximity to a
ground plane. If wiring discretely, a twisted pair is
recommended.

A DEEHER/NNMZST=8. tVAL VLB RADERLRITI 7N E
BISESLTZELY . HLIRM TEEERK T HIEE 1L, YVAMTRD
EAEHEOLET,

Note that the output over-voltage protection (OVP)
feature of the converter depends on the voltage
across the Vout(+) and Vout(-) pins, and not across
the SENSE pins. To preclude unnecessary triggering
of the OVP feature, the resistance (and thus voltage
drop) between the output pins of the converter and
the load should be kept at a minimum.

http://www.fdk.com
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ZOIVN-3DHENEEREOVP)IEVout(+)EVout-)EI D EBIEIZIKTF
L. tVAEVEIDBREIZIXKFELEEA. OVPOFHIEHMIEHSCT
HIZ, N -4D H HiHEFEETR OB AN (BENy7)E&R/NML
TLIZELY,

Note that the remote sense function will allow the
voltage across the output pins to be higher than the
nominal output voltage, in order to maintain
regulation at the load. The system design should take
this into account to ensure that the power drawn from
the converter under a given set of conditions does
not exceed the maximum output power of the
converter. For any given ambient conditions, the
maximum output power of the converter is the
product of the maximum output current, as defined by
the derating curves, and the nominal output voltage.
VE-MVABBEER AR TOEEZGIET 570, HOEOEEELE
HEEYBELET, VATADOHRMTIIEREICERL. o0 -0 H AN
BANRAERENEBALGVLSISEELTZSL, LWTFhost
BEHICEVTRINIDRRERENIETIL-T7D-7 (R8BS
NERREHEFREHNEETHRESLET,
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F DK Delivering Next Generation Technology

45!&9!3 Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

Output Voltage Adjust/TRIM (Pin 6)

The output voltage can be trimmed up 10% or down
20% relative to the nominal output voltage using an
external resistor.

HABEESNEIENEESRT HE T EREREITHL +10% -20%D 5
BATRETY.

The TRIM pin should be left open if trimming is not
being used. Note that a 0.1uyF capacitor is connected
internally between the TRIM and SENSE(-) pins, to
minimize noise pick-up.

TRIM EVIEHE DEEDMNIVY EEHEITNIERERICLTEEET,
BUND MR ER/DENESIZ VN -IRETTRIMEGF & SENSE(-)iH
FRIZ0AFDIT VB RSN TLET,

To trim the output voltage up (Fig. C), a trim resistor,
Rt.up, should be connected between the TRIM (Pin 6)
and SENSE(+)(Pin 7):

HABEEZLFSERMATY)IZIE (RCSE), MAEH R, %
TRIM(Pin 6)& SENSE(+) (Pin DREIZHEHELET .

5.11(100 + AWV o 511

R = —-10.22 [kQ
TuP VrefA A [ ]
Vref = 1.225V  [3.3V to 1.5V]

Vref = 1.0V [1.2V]
where,

Rr.up = Required value of trim-up resistor [kQ]
Vo.nom = Nominal value of output voltage [V]

(VO—REQ B VO-NOM)

VO-NOM

A= x100 [%]

Voreq = Desired (trimmed) output voltage [V]

—1 @ Vin(+) Vout(+) @
SENSE(+ »
T FPER Series © '%R
Vin Converter TRIM @ e
SENSE() e Rload
—1 @ Vin(-) Vout(-) @

Fig. C: Configuration for trimming output voltage up

http://www.fdk.com
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When trimming up, care should be taken not to
exceed the maximum output power of the converter,
as discussed in the previous section.
HABEZ ERSEH(MNLTY?)EE FIETOHAD &S 2I0N 4D
BRAERBNEBZHVELIISEEL TS,

To trim the output voltage down (Fig.D), a trim
resistor, Rr.pwn, should be connected between the
TRIM (Pin 6) and SENSE(-) (Pin 5):
HABREETIFRGRAFINICIE (RIDSHR), MAEHR Ripw %
TRIM(Pin 6)& SENSE(-) (Pin 5)fIHEfELET ..

511
Ripwn = W -10.22 [kQ]
where.
Rr.own = Required value of trim-down resistor [kQ]

And A is as defined above.

The above equations are standard in the industry for
isolated brick converters.

EEROMNLMEBED M B EETHEZET )N - I TERIBETT,

—1 @ \Vin(+) Vout(+) @
SENSE(+
T FPER Series “) o o
Vin Converter TRIM @] §
Rr.
SENSE (-) .% o
—1 @ Vin(-) Vout(-) @

Fig. D: Configuration for trimming output voltage down

Note that trimming up or sensing above 10% of the
nominal output voltage could cause unnecessary
triggering of the output over-voltage protection (OVP)
The voltage of between converter’s output pins with
remote sense should not exceed 110% of nominal
output voltage:

[Vout(+) - Vout(-)] <[Vout(Nomnal)x110%] [V]

ERHEABEEDI0EBZDHMNATY? . RIFEELVRT, FRELE
EEREOVPIOBREDREELGYFET

VE-MYABOQIVN 4D E DG FEEENEERE ABED110%% 2
ZELVFRIZLTTELY,
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F DK Delivering Next Generation Technology

45!&9!3 Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc 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 32V. It will then turn on automatically when
the input voltage reaches typically 34V.

EEL TLBIREET. AN BEMTYPTRVERHEIZHS LN -41EH
BRIFIELES ., F. ANBEATYPTIAVELEIZESEaUN -4
FEEMICBIMEERIRLET,

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 reduce the
output voltage until it shuts down. Once the converter
has shut down, it will attempt to restart about every
200ms until the over-current or short circuit condition
is removed.
COIVN-SITBEREATERICHLACRELETY. BERIKE
1275 & AN -4E M IV T H2ETHABEELXE TSEET. v
N=3 ey yutk . OCPIREE, RISBRIEBIEBRINDIET &
Z200msEICHEESEBRYRLET.

Output Over-Voltage Protection (OVP)

The converter provides protection against
over-voltage conditions at the output. It will shut down
if the voltage across the output pins exceeds a
threshold defined by the independently-referenced
OVP circuitry. Once the converter has shut down, it
will attempt to restart about every 200ms until the
OVP condition is removed.

SOWN-SIFHNHOBBEEERELET . HAHOEEAOVPE
BRELTHMILI-EEBETROONZLEWMEZBR LM IVLE
To WN-IDVM VT BE BEERENBBRINDIETE LT
200mSEICHIEBZRYEBLET.

Over-Temperature Protection (OTP)

The converter is self-protected against
over-temperature conditions. 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).

COIN ST MBREREEELTCWET  BEUBERHFITEST
MBIRREITHDE, COWN-AEBEBMITFLELET . REWEEIC
FTTHABEEBMITERLET . (BEYLIL

http://www.fdk.com

Safety Requirements

The FPER48Txyz30*A converter is provided with
basic insulation between input and output circuits
according to IEC60950 standards. It features
1500Vdc isolation from input to output, and
input-to-output resistance is greater than 10MQ.
FPER48Txyz30*A[XIEC609502EHA T A J1-tH A A E#EEZ S TLY
T, T, AN-HARMIX1500Vdc DT EZALTEY . {BIEHIL
1OMQLLEHYETS,

This converter meets North American and
International safety regulatory requirements per
UL60950 and EN60950.

DN -4 R RUEENGER £ EAETHDHUL60950EN60950(=
BELTVWET,

Note that the converter is not internally fused: to meet
safety requirements, a fast acting in-line fuse with a
maximum rating in the table below must be used in
the positive input line.
COWNAIERBICL1- A EFH O TVERADT, RERBISEES
H2EHICIE AAFDTFABICEHE TRRER TERDL1-2'%F
EEL TS,

Output Voltage Fuse Rating
3.3V 5A
2.5V 4A
1.8V 3A
1.5V 2.5A
1.2V 2A

Page 7 of 25
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc 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.

COAN-JFBETIV-T)  E BHERK, 25-+797 8 R
YRb VB DBME, Y7L MR BB REBGEEEL ., SESE
BEERETHESIONET. T4 RUEBORIEUEDOA-Y
IBEShTOET,

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.

FEHABERDT -4 RERBORIELEDOA -V ITBEHShTOE
T, RIEFig *V-#D LSICB BTSN THEY  AVIZHNEEERL.
HIBEDTIMERLET, FIZIE Figrv-2LHNIE *VEHTOH
EHHERLET.

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. RUBBEMHZEEICTHLOIC. 2 TOERE. RUME
T -AEAZ RSN R EMER - 122N -4 £ EMF L TREBLT
WEY REFER M EFOKRE O RRERKHFEANICHRET 5L
T.RERE. RUREEZREICEELTLET,

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.

http://www.fdk.com
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BEEHEN -1 (X /EX0.060"(1.6mm)EDABPCBTHERLTLNET . K
HE2ROHBEILIN 4ERETEOONIN EFDERADNI-VD
HIZBELTWET, RAIZBIZ70u mDEFETEH. RUIITUNIAY
ERBRLTOET, COLSICRBOFBER YLD BEM
F=NIE, N -4 SPCBADED R ITEFIRL., 1-AM-ATHY A
MNoFEOEVEEFBEHEERLTVET,

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. E & Fig. F)

FDKAYY A0 BRI REBREE [EKF AR OB FREOLFM(B AR e
% . NC)M5600LFME THZ ZHIH TE | IRFREL30°CTH585°C
ERIETEEY  BEREICREFIMRIRF -1 I EREREEAL
TWET . (BE, RUKFSR)

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. Optimum locations for placement
of thermocouples are indicated in Fig. G.

WN-IDEEERBEOERRRETRAET S LESHOLET FIC
EFAEOARNERET AV -T7 ORKEITEVNG & IFRIE L
BT REREICIIRIMEY-T7 774 RIFBBERESFELT
FTFEY REREERATIHE. ROYIFITHRSEEH<=H L&,
EREZDET D0, AWGAOD BB EHELET . BREXNTD
RIEICRELERRIXRGITRLEY

o

Fig. F: Test Chamber
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Thermal Derating

Fig.*V-1 shows 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 100 LFM to 500 LFM (0.5 m/s
to 2.5 m/s). The converter was mounted horizontally,
and the airflow was parallel to the short axis of the
converter, going from pin 1 to pin 3.

E+V-13HLRREELABEDER TIZETARAEAERERL
T, BB E (XA 2 100LFM~ 500LFM ) £ 4 T30°C ~85°C D fH %
FESETOET, N —4IFKEITHKEL. RRZFIoN-4DEFH
BIZFETTIEVADE VIZAF TRVNTLET,

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 125°C, or

(i) The current rating of the converter (30A)

A maximum component temperature of 125°C should
not be exceeded in order to operate within the
derating curves. Thus, the temperature at the
thermocouple locations shown in Fig. G should not
exceed 125°C in normal operation.

BFROUEEH TERRENERDERF TROLEEYEELES .

M) WFhHDIBROBEM125°CHEEL RO H N EFRIE.
X(&

(i) WN-SDRFRERER (30A)

BETA T DEERNTEMESE 5102, BREEIF125°CERE
ABNESIZTEELLLSN o T BEBERICRGITRT HED
BB DREMN2CEBRAGNKIICL TSN,

Thermocouples

Fig. G: Location of thermocouples for thermal testing

http://www.fdk.com
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Efficiency

Fig.*V-2 shows efficiency vs. load current at an
ambient temperature of 25°C, airflow of 300LFM
(1.5m/s) with horizontal mounting and input voltages
of 36V, 48V and 75V.

E*V-2(Z IR BB E25°C, AE300LFM (1.5m/s), KFERE. AHEE
36V. 48V, RUTSVEFZH TS AR ERENEDTWITT,

Power dissipation

Fig.*V-3 shows power dissipation vs. load current at
an ambient temperature of 25°C, airflow of 300LFM
(1.5m/s) with horizontal mounting and input voltages
of 36V, 48V and 72V.

B*+V-3IEXIRIEB E25°C, AE300LFM (1.5m/s), KERE, ANEE
36V, 48V, RUT2VEIZE T2 BFEREENHEDTWIITT,

Start-up

Fig.*V-4 and Fig.*V-5 show turn-on output voltage
waveforms, using the ON/OFF pin, for full rated load
currents (resistive load), with minimal and maximum
external load capacitance.
BAEFRGEHRBF)TON/OFFEVIZ L DEENRFIZ DL T, M ERIVT Y
YHEYEELOHNBREILS LAY KRB ER*V-4, RUB*V-5IT5RL
£7.

Transient Response

Fig.*V-6 shows the output voltage response to a step
change in the load current.

Ev-6lE BHBROEHICHT HHNEEREETLET .
Ripple and Noise

Fig.*V-7 shows the output voltage ripple waveform,
measured at full rated load current with a 10uF
tantalum capacitor and 1uF of ceramic capacitors
across the output.

B*+V-7[ER KA R CTH AHFREIZI10 4 FOIANIAVT U ET uFDEF
WIEM T RETRELZE AW VEERBERLET,

Fig.*V-9 and Fig.*V-10 show input reflected ripple
current waveforms, obtained using the test setup
shown in Fig.*V-8.

AN T MEEFV-8IT RS AR P yT EFES>TERBILTOES,
AFRE T VKR ER*V-9, RUBE*V-10[Z5RLET
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output
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s
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5 15 —= 500LFM |~
& ‘0 —+—400LFM
© —+— 300LFM
5 —e—200LFM _
—%— 100LFM
0 [ [
30 40 50 60 70 80
Ambient Temp [DegC]

Fig.3.3V-1: Available

load current vs.

ambient

temperature and airflow rates for Vin=48V. Maximum
component temperature =125°C
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90
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80

Efficiency [%]

75

70

0 10 20 30
Current [A]

Loss[W]

0 10 20 30
Current[A]

Fig.3.3V-2: Efficiency vs. load current and input
voltage for converter mounted horizontally with
airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C.

http://www.fdk.com
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Fig.3.3V-3: Power Loss vs. load current and input
voltage for converter mounted horizontally with
airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C.

Ver. 2.2 Jan. 28, 2009



Delivering Next Generation Technology ; a
F DK €A S€4 Series

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

Fig.3.3V-4: Turn-on transient at full rated load Fig.3.3V-5: Turn-on transient at full rated load
current (resistive) with 10uF tantalum + 1pF current (resistive) plus 20,000uF at Vin=48V,
ceramic capacitor at Vin=48V, triggered via triggered via ON/OFF pin. Top trace: ON/OFF
ON/OFF pin. Top trace: ON/OFF signal (10V/div). signal (10V/div). Bottom ftrace: output voltage
Bottom trace: output voltage (1V/div). Time scale: (1V/div). Time scale: 2ms/div

2ms/div

Fig.3.3V-6: Output voltage response to load current Fig.3.3V-7: Output voltage ripple (50mV/div) at full

step-change (15A<22.5A) at Vin=48V. Top trace: rated load current into a resistive load with
Output voltage (100mV/div). Bottom trace: load Co=10uF tantalum + 1uF ceramic and Vin=48V.
current (10A/div). Current slew rate: 5A/us. Time scale: 1us/div

Co=470uF os-con + 10uF tantalum + 1uF ceramic.
Time scale: 100us/div
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

45!&9!3 Series

Is 10uH Ic

‘ + +
V|n<-l_>1 OOUT 33uF—L

Fig.3.3V-8: Test Set-up for measuring input
reflected ripple current.

Converter

Fig.3.3V-9: Input reflected ripple current, Is
(5mA/div), measured through 10pH at the source at
full rated load current and Vin=48V. Time scale:
1us/div.

4.0
35

0 10 20 30 40
lout [A]

Fig.3.3V-11: Output voltage vs. load current
showing current limit point and converter shutdown
point. (Vin =48V)

http://www.fdk.com
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I I +
+  Vout

1uF | 10uF

LI LI I 8 I L L L L L

Fig.3.3V-10: Input reflected ripple current, Ic
(100mA/div), measured through 10uH at the source
at full rated load current and Vin=48V. Time scale:
1us/div.

ISLILILINL LI I 8 I I L L L L L

arr Ll

Fig.3.3V-12: Load current (top trace, 50A/div,
40ms/div) into a 10mQ short circuit during restart,
at Vin = 48V. Bottom trace (50A/div, 2ms/div) is an
expansion of the top trace.

Ver. 2.2 Jan. 28, 2009



Delivering Next Generation Technology ; a
F DK €A 8£&4 Series

FPER48Txyz30*A
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35
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Fig.2.5V-1: Available load current vs. ambient
temperature and airflow rates for Vin=48V. Maximum
component temperature =125°C
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=< _ 8
~ 85 =
S w6
o 3
= 80 —
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Fig.2.5V-2: Efficiency vs. load current and input Fig.2.5V-3: Power dissipation vs. load current and
voltage for converter mounted horizontally with input voltage for converter mounted horizontally
airflow from pin 3 to pin 1 at a rate of 300LFM with airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C. (1.5m/s) and Ta=25°C.
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Fig.2.5V-4: Turn-on transient at full rated load Fig.2.5V-5: Turn-on transient at full rated load
current (resistive) with 10uF tantalum + 1pF current (resistive) plus 20,000uF at Vin=48V,
ceramic capacitor at Vin=48V, triggered via triggered via ON/OFF pin. Top trace: ON/OFF
ON/OFF pin. Top trace: ON/OFF signal (5V/div). signal (5V/div). Bottom trace: output voltage
Bottom trace: output voltage (1V/div). Time scale: (1V/div). Time scale: 2ms/div

2ms/div

ILINLINLINLINY 402N L L A L L L L B B B

Fig.2.5V-6: Output voltage response to load current Fig.2.5V-7: Output voltage ripple (50mV/div) at full

step-change (15<22.5A) at Vin=48V. Top trace: rated load current into a resistive load with
Output voltage (100mV/div). Bottom trace: load Co=10uF tantalum + 1uF ceramic and Vin=48V.
current (10A/div). Current slew rate: 5A/us. Time scale: 1us/div

Co=470uF os-con + 10uF tantalum + 1uF ceramic.
Time scale: 100us/div
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

Is 10uH lc

—_— [—— +
+ + ‘
Vin<+ Converter " Vout
= 100u|T 33uF 1uF ‘muF

Fig.2.5V-8: Test Set-up for measuring input
reflected ripple current.

[T T Ty T T T T T T LI LI I 8 I L L L L

Fig.2.5V-9: Input reflected ripple current, Is Fig.2.5V-10: Input reflected ripple current, Ic

(5mA/div), measured through 10pH at the source at (100mA/div), measured through 10uH at the source
full rated load current and Vin=48V. Time scale: at full rated load current and Vin=48V. Time scale:
1us/div. 1us/div.
3.0 : : _I TTT ! TTT ITI TTT ! TTTT ! TTT I::I TTT ! TTTT ! TTTT ! L ! TTT I:
25 : : _ .......................................... _
20 | : : N N I ]

10 |

05 [~ AR —agvin| | L fl o1 E

0.0 ‘ 1
0 10 20 30 40 S : : S S : : ]
IOut[A] _IIIIII\III\IIIII\III__III\III\IIIII\IIIIII_
Fig.2.5V-11: Output voltage vs. load current Fig.2.5V-12: Load current (top trace, 50A/div,
showing current limit point and converter shutdown 40ms/div) into a 10mQ short circuit during restart,
point. (Vin =48V) at Vin = 48V. Bottom trace (50A/div, 2ms/div) is an

expansion of the top trace.
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36-75Vdc Input, 30A, 1.2-3.3Vdc Output
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Fig.1.8V-1: Available load current vs. ambient
temperature and airflow rates for Vin=48V. Maximum
component temperature =125°C
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Fig.1.8V-2: Efficiency vs. load current and input Fig.1.8V-3: Power dissipation vs. load current and
voltage for converter mounted horizontally with input voltage for converter mounted horizontally
airflow from pin 3 to pin 1 at a rate of 300LFM with airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C. (1.5m/s) and Ta=25°C.
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F DK Delivering Next Generation Technology

FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

Fig.1.8V-4: Turn-on transient at full rated load
current (resistive) with 10uF tantalum + 1pF
ceramic capacitor at Vin=48V, triggered via
ON/OFF pin. Top trace: ON/OFF signal (5V/div).
Bottom trace: output voltage (1V/div). Time scale:
2ms/div

ILINLINLANLI 452N L L L L L L B N

Fig.1.8V-6: Output voltage response to load current
step-change (15&22.5A) at Vin=48V. Top trace:
Output voltage (100mV/div). Bottom trace: load
current (10A/div). Current slew rate: 5A/us.
Co=470uF os-con + 10uF tantalum + 1uF ceramic.
Time scale: 100us/div

http://www.fdk.com
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ILINLINLANLI 5L L L L L L L B O

Fig.1.8V-5: Turn-on transient at full rated load
current (resistive) plus 20,000uF at Vin=48V,
triggered via ON/OFF pin. Top trace: ON/OFF
signal (5V/div). Bottom trace: output voltage
(1V/div). Time scale: 2ms/div

SRR

Fig.1.8V-7: Output voltage ripple (50mV/div) at full
rated load current into a resistive load with
Co=10pF tantalum + 1uF ceramic and Vin=48V.
Time scale: 1us/div
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output

— — +
+
Vin<+ I L Converter I L' Vout
= 100uF—[ 33uF |1uF 10uF

Fig.1.8V-8: Test Set-up for measuring input
reflected ripple current.

[T T T T T T T T LI LI I 8 I L L L L

Fig.1.8V-9: Input reflected ripple current, Is Fig.1.8V-10: Input reflected ripple current, Ic
(5mA/div), measured through 10pH at the source at (100mA/div), measured through 10uH at the source
full rated load current and Vin=48V. Time scale: at full rated load current and Vin=48V. Time scale:
1us/div. 1us/div.
30 : _|||'i LRI 8 I '\|||__|||\ TT T T[T T T T TTTT TTT T
95 i _ .......................................... _
20 | : _ .......................................... _
= ! SRS SRS SRS DR E
815 [ rf- i . ]
o | :
> w wr iy
10 [~ [ ]
05 ——48Vin ]
0.0 ‘
0 10 20 30 40
IOUt[A] _IIII II\I.II\I.IIII \III__III\ III\.IIII.I\II IIII_
Fig.1.8V-11: Output voltage vs. load current Fig.1.8V-12: Load current (top trace, 50A/div,
showing current limit point and converter shutdown 20ms/div) into a 10mQ short circuit during restart,
point. (Vin =48V) at Vin = 48V. Bottom trace (50A/div, 5ms/div) is an

expansion of the top trace.
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output
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Fig.1.5V-1: Available load current vs. ambient
temperature and airflow rates for Vin=48V. Maximum
component temperature =125°C

90 12 ‘ ‘
——36Vin| |
85 10 F{—asvin~ 1 e
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[72] T |
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275 - | !
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65
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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 converter mounted horizontally with input voltage for converter mounted horizontally
airflow from pin 3 to pin 1 at a rate of 300LFM with airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C. (1.5m/s) and Ta=25°C.
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FPER48Txyz30*A

36-75Vdc Input, 30A, 1.2-3.3Vdc Output
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Fig.1.5V-4: Turn-on transient at full rated load Fig.1.5V-5: Turn-on transient at full rated load
current (resistive) with 10uF tantalum + 1pF current (resistive) plus 20,000uF at Vin=48V,

ceramic capacitor at Vin=48V, triggered via triggered via ON/OFF pin. Top trace: ON/OFF
ON/OFF pin. Top trace: ON/OFF signal (5V/div). signal (5V/div). Bottom trace: output voltage

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

ILINLINLANLI 5L L L L L L L B O

Fig.1.5V-6: Output voltage response to load current Fig.1.5V-7: Output voltage ripple (50mV/div) at full

step-change (15<22.5A) at Vin=48V. Top trace: rated load current into a resistive load with
Output voltage (100mV/div). Bottom trace: load Co=10uF tantalum + 1uF ceramic and Vin=48V.
current (10A/div). Current slew rate: 5A/us. Time scale: 1us/div

Co=470uF os-con + 10uF tantalum + 1uF ceramic.
Time scale: 100us/div
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36-75Vdc Input, 30A, 1.2-3.3Vdc Output

45!&9!3 Series
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+ + +
Vin<+ Converter Vout
= 100uF—[ 33uF |1uF 10uF

Fig.1.5V-8: Test Set-up for measuring input
reflected ripple current.
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Fig.1.5V-9: Input reflected ripple current, Is Fig.1.5V-10: Input reflected ripple current, Ic

(5mA/div), measured through 10pH at the source at
full rated load current and Vin=48V. Time scale:
1us/div.
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Fig.1.5V-11: Output voltage vs. load current
showing current limit point and converter shutdown
point. (Vin =48V)
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(100mA/div), measured through 10uH at the source
at full rated load current and Vin=48V. Time scale:
1us/div.
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Fig.1.5V-12: Load current (top trace, 50A/div,
40ms/div) into a 10mQ short circuit during restart,
at Vin = 48V. Bottom trace (50A/div, 2ms/div) is an
expansion of the top trace.
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Fig.1.2V-1: Available

load current vs.

ambient

temperature and airflow rates for Vin=48V. Maximum
component temperature =125°C
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Fig.1.2V-2: Efficiency vs. load current and input
voltage for converter mounted horizontally with
airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C.
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Fig.1.2V-3: Power dissipation vs. load current and
input voltage for converter mounted horizontally
with airflow from pin 3 to pin 1 at a rate of 300LFM
(1.5m/s) and Ta=25°C.
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Fig.1.2V-4: Turn-on transient at full rated load Fig.1.2V-5: Turn-on transient at full rated load
current (resistive) with 10uF tantalum + 1pF current (resistive) plus 20,000uF at Vin=48V,

ceramic capacitor at Vin=48V, triggered via triggered via ON/OFF pin. Top trace: ON/OFF
ON/OFF pin. Top trace: ON/OFF signal (5V/div). signal (5V/div). Bottom trace: output voltage
Bottom trace: output voltage (1V/div). Time scale: (1V/div). Time scale: 2ms/div

2ms/div

A e 46 e Y A

Fig.1.2V-6: Output voltage response to load current Fig.1.2V-7: Output voltage ripple (50mV/div) at full

step-change (15<22.5A) at Vin=48V. Top trace: rated load current into a resistive load with
Output voltage (100mV/div). Bottom trace: load Co=10uF tantalum + 1uF ceramic and Vin=48V.
current (10A/div). Current slew rate: 5A/us. Time scale: 1us/div

Co=470uF os-con + 10uF tantalum + 1uF ceramic.
Time scale: 100us/div
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45!&9!3 Series

Fig.1.2V-8: Test Set-up for measuring input

reflected ripple current.

_I\IIIIIIIIIIYIIIIII\I__IIII\III\IIIIII\IIII_ _IIII.II\I.II\ITIIII.\III::III\.III\.IIII.I\II.IIII_
N AR /\\/\\/\\/\\/\
Fig.1.2V-9: Input reflected ripple current, Is Fig.1.2V-10: Input reflected ripple current, Ic

(5mA/div), measured through 10pH at the source at
full rated load current and Vin=48V. Time scale:
1us/div.
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Fig.1.2V-11: Output voltage vs. load current

showing current limit point and converter shutdown
point. (Vin =48V)
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(100mA/div), measured through 10uH at the source
at full rated load current and Vin=48V. Time scale:
1us/div.
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Fig.1.2V-12: Load current (top trace, 50A/div,
20ms/div) into a 10mQ short circuit during restart,
at Vin = 48V. Bottom trace (50A/div, 5ms/div) is an
expansion of the top trace.
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Mechanical Drawing

58.4 0.5
(Z.30 .07
1.8 508
Pin # Function
1 Vin (+)
R 1 B & T 2 ON/OFF
212 ls 74 ik 3 Vin (-)
oo A3 # 7 6¢ | o0 Llw
- 3 4 & my 5 SENSE (-)
— = 6 TRIM
S0 T m[th
s mlT 7 SENSE (+)
8 Vout (+)
TOP YIEW OF BOARD
Notes
. All dimensions are in millimeters (inches)
. Unless otherwise specified, tolerances are
+/- 0.25mm
doodl | | . Pins 1-3 and 5-7 are ©1.02 (0.040") with
5£ L [ | ®1.80 (0.071”) shoulder
2= gl U ! Recommended TH dia. is ¢ 1.40(0.055")
— . Pins 4 and 8 are ©1.58 (0.062") with ©2.40
T (0.094”) shoulder
ﬁ 4 SIDE VIEW OF BOARD Recommended TH dia. is ¢ 2.00(0.079")

. Pin Material: Copper
. Pin Finish: Tin over Nickel
. Converter Weight: 0.810z (23.0g) typical

Requlation Input Mounting Output Rated ON/OFF Pin
g Voltage | Scheme @ Voltage Current Logic Shape
FP E R 48 T Xyz 30 * A
1R2=1.2V
Seri Eighth Th h 1RS=1.5V N: Negati
Ne”es '9 Regulated 36V — 75V rough 1 41rg=1.8v | 30A -17egalVe | standard
ame Brick Hole P: Positive
2R5=2.5V
3R3=3.3V
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
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O6LLecTBO C orpaHMYeHHON oTBETCTBEHHOCTBIO «MocHuny WMHH 7719860671 / KIMNM 771901001
Appec: 105318, r.Mockea, yn.LLlepbakoBckas 4.3, odmc 1107

[aHHbIn KOMMNOHEHT Ha TeppuTopun Poccuinickon depepauumn

Bbl MoxeTe npuobpectu B komnaHun MosChip.

[lnsa onepaTtuBHOro ocdopmnenus 3anpoca Bam HeobxoomMmo nepenT No faHHON CChISKe:

http://moschip.ru/get-element

Bbl MoxeTe pa3mecTuTb Y Hac 3aka3 and nboro Bawero npoekTa, 6yab To
cepuiiHoe Npomn3BOACTBO MM pa3paboTka eguHUYHOro npubopa.

B Hawem acCcCopTnMeHTe npencTasiieHbl Begywmne MmpoBblie NMPoOnN3BOANTENIN aKTUBHbIX U
NacCUBHbIX 3JTIEKTPOHHbIX KOMIMOHEHTOB.

Hawen cneumanusauuen sBnseTcs NOCTaBKa 3N1EKTPOHHOMW KOMMOHEHTHON 6a3bl
OBOWHOro Ha3HayeHus, npoaykummn Takmx npounssoantenen kak XILINX, Intel
(ex.ALTERA), Vicor, Microchip, Texas Instruments, Analog Devices, Mini-Circuits,
Amphenol, Glenair.

CoTpynHMyecTBO € rnobanbHbIMU OUCTPUOLIOTOPaMN 3NEKTPOHHBIX KOMIMOHEHTOB,
npegocTraBnseT BO3MOXHOCTb 3aKa3blBaTb 1 MOfly4aTb C MEXAYHAPOOHbIX CKNaaos
npakTuyecku nobon nepeyeHb KOMNOHEHTOB B ONTUMarbHble aAnsa Bac cpoku.

Ha Bcex aTanax pa3paboTKu 1 NPOM3BOACTBA HalLW NapTHEPbI MOTYT NOMy4YnTb
KBanumunpoBaHHy NOAAEPXKY OMNbITHbIX UHXEHEPOB.

Cuctema MeHeXMeHTa KayecTBa KOMNaHum oteevaeT TpeboBaHNAM B COOTBETCTBUM C
rOCT P MCO 9001, TOCT PB 0015-002 n 3C P, 009

Odomc no pabote c OPUANHECKUMU NTULLAMMU:

105318, r.Mockea, yn.lWepbakosckaa a.3, ocdomc 1107, 1118, AL, «LUepbakoBcKkuniny»
TenedoH: +7 495 668-12-70 (MHOrokaHanbHbIN)
dakc: +7 495 668-12-70 (006.304)

E-mail: info@moschip.ru

Skype otaena npogax:
moschip.ru moschip.ru_6
moschip.ru_4 moschip.ru_9
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