F DK Delivering Next Generation Technology

;M/W’ Series

FPFR12SR6570NA

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

The Szaps2Series of non-isolated dc-dc power
modules deliver exceptional electrical and thermal
performance  Point-of-Load power  modules.
Operating from a 6.0Vdc-14.0Vdc input, these are the
power modules 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.

SEHEBEIDC/DONT—E 12— TALL2 -3 LB 1= B R M
% RREREERELET,
ANEEOV~140VTEELET DT, SONT-F 1- b, BFHE,
BLVAEERE. SR RUREDQVLVRETOSEBEMENE
RENBIBA, XIIDPATOERICHRETT

The FPFR12SR6570NA power module of the
S a2 Series delivers 70A of output current at a
tightly regulated programmable output
voltage of 0.65Vdc to 2.5Vdc. The thermal
performance of the FPFR12SR6570NA is
best-in-class: Little derating is needed up to 85C,
under natural convection.
SeArr2 -2 D FPFR12SRE570NA (VS [E #5 F TO65V ~ 2.5Vdc
DOREEFREL. 10ADH M A EETY . FPFR12SR6570NAD B £
HEEIIARBLANTYT . BAXR. 85°COEHT, LT METL—Tv
TULMRBEELFEE 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.

EFRERET. MEBERET. RUN Y-V VT RS ORRETHIREH DR
EHER. SEERERBRAICRBEEIATOES, FRICBNES
BLEEERIEETRBHREG. BRERGRMN . RUFDKO&RERD
B#EEntRc kY55 ET,

Applications

¢ |ntermediate Bus Architecture
PN ARV AT

e Telecommunications
TLALYATLA

o Data/Voice processing
T 44018 YAT L

e Distributed Power Architecture
PEREEIRVATA

o Computing (Servers, Workstations)
W 1-SBERH - —, T-9RT-Y3Y)
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FPFR12SR6570NA

Features

e Delivers up to 70A (175W)
70A (175SW)E THEATBE

¢ High efficiency, no heatsink required
ENE-RBBEHNTE

¢ Negative ON/OFF logic
ON/OFFEY I IE #4747

e RoHS compliance
RoHS#EHL

o Small size and low profile: 1.260” x 1.102” x 0.433”
typical (maximum height = 0.453")
MY {EEE 32.0 x 28.0 x 11.0mm (MaxE & 11.5mm)

e Coplanarity less than 0.004”
FEE (X0 1mmEKiH

e Tray packaging
Wa L5

e Programmable output voltage via external resistor
SRR OBERICKY TN AR hEE

¢ No minimum load required
RNAFIITE

e Start up into pre-biased output
H AN AT RSB > THEEN AT AE

¢ Remote ON/OFF
IJ£—PON/OFF#8E

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

o Auto-reset over-temperature protection
MERINZREREE: BBER

o Comply with UL60950 recognition in U.S. &
Canada, and CB Scheme certification per
IEC/EN60950 (Pending)
UL60950., CB Scheme#£HLE% &t

¢ All materials meet UL94, V-0 flammability rating
£TOERERIE UL V-0ITE S
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FPFR12SR6570NA Preliminary Datasheet

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

Electrical Specifications BX#EH

All specifications apply over specified input voltage, output load, and temperature range, unless otherwise noted.
FARNENES 2TOMKREIEESIN-AHNEE. . BEGECERAINET,

Conditions: Ta=25degC, Airflow=200LFM (1.0m/s), Vin=12Vdc, Vout=0.65-2.5Vdc, unless otherwise specified.

PARAMETER NOTES MIN TYP MAX UNITS
ABSOLUTE MAXIMUM RATINGS®

Input Voltage Continuous -0.3 14 Vdc
Operating Temperature Ambient temperature -40 85 °C
Storage Temperature -55 125 °C
Output Voltage 0.65 25 Vdc

FEATURE CHARACTERISTICS

Switching Frequency 630 kHz
Output Voltage Programming Range By external resistor. See trim table-1 0.65 25 Vdc
Remote Sense Compensation 0.5 Vdc
Turn-On Delay Time Full resistive load

with Vin (module enabled, then Vin applied) |From Vin=Vin(min) to 0.1*Vout(nom) 5.0 ms

with Enable (Vin applied, then enabled) From enable to 0.1*Vout(nom) 5.0 ms
Rise Time (Full resistive load) From 0.1*Vout(nom) to 0.9*Vout(nom) 5.0 ms
ON/OFF Control (Negative Logic)

Module Off 24 Vin Vdc

Module On -5 0.8 Vdc

'Absolute Maximum Ratings  #xt &K E#

Stresses in excess of the absolute maximum ratings may lead to degradation in performance and reliability of the
power module and may result in permanent damage.
I BRAEREBAANAL, HEQET. REAEELEOET. RUT 1-VOWEESIERITIENHYFET.
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

Electrical Specifications (Continued) ZT&#tH ()

Conditions: Ta=25degC, Airflow=200LFM (1.0m/s), Vin=12Vdc, Vout=0.65-2.5Vdc, unless otherwise specified.

PARAMETER N[OR =S MIN TYP MAX UNITS
INPUT CHARACTERISTICS
Operating Input Voltage Range Vout=1.5Vdc 6.0 12.0 14.0 Vdc
1.5<Vout=1.8Vdc 8.0 12.0 14.0 Vdc
Vout>1.8Vdc 9.6 12.0 14.0 Vdc
Input Under Voltage Lockout
Turn-on Threshold 5.3 Vdc
Turn-off Threshold 4.4 Vdc
Maximum Input Current 70Adc out at 6.0Vdc in
Vout=2.5Vdc (70Adc at 9.6Vdc in) 19.5 Adc
Vout=1.8Vdc (70Adc at 8.0Vdc in) 171 Adc
Vout=1.5Vdc 18.9 Adc
Vout=1.2Vdc 15.5 Adc
Vout=0.8Vdc 10.7 Adc
Vout=0.65Vdc 9.0 Adc
Input Stand-by Current (module disabled) 15 mA
Input No Load Current Vout=2.5Vdc 185 mA
Vout=1.8Vdc 149 mA
Vout=1.5Vdc 129 mA
Vout=1.2Vdc 117 mA
Vout=0.8Vdc 104 mA
Vout=0.65Vdc 99 mA
Input Reflected-Ripple Current See Fig. F for setup (BW=20MHz)
Vout=2.5Vdc 13.6 mAp-p
Vout=1.8Vdc 13.0 mAp-p
Vout=1.5Vdc 11.8 mAp-p
Vout=1.2Vdc 8.6 mAp-p
Vout=0.8Vdc 6.4 mAp-p
Vout=0.65Vdc 4.7 mAp-p
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FPFR12SR6570NA

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

Electrical Specifications (Continued)

Preliminary Datasheet

BEXHMEHR (S

Conditions: Ta=25degC, Airflow=200LFM (1.05m/s), Vin=12Vdc, Vout=0.65-2.5Vdc, 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 +/- 0.1 %Vout
Over Load From no load to full load +/-0.4 %Vout
Output Voltage Range
(Over all operating input voltage, resistive load and -3 +3 %Vout
temperature conditions until end of life)
Output Ripple and Noise BW=20MHz g‘i’g_r g’)‘e Iora] e B e
Peak to Peak Vout=0.65Vdc 15 30 mVp-p
Peak to Peak Vout=2.5Vdc 30 60 mVp-p
External Load Capacitance Plus full load (resistive)
Min ESR > 1mQ 920 5000 uF
Min ESR > 10mQ Must have a 100uF ceramic capacitor| 920 10,000 uF
Output Current Range 0 70 A
Output Current Limit Inception (lout) Vout=1.2Vdc 92 A
Output Short-Circuit Current Short=10mQ, Vout=2.5Vdc set 31.1 Arms
DYNAMIC RESPONSE
lout step from 52.5A to 70A with di/dt= 3A/US fggfg%:fai‘;é“i”“m electrolytic + 60 mv
Setting time (Vout < 10% peak deviation) 200 uS
lout step from 70A to 52.5A with di/dt= 3A/US fggfﬁ%‘é’:aﬂ‘;é“i”“m electrolytic + 60 mv
Setting time (Vout < 10% peak deviation) 200 uS
EFFICIENCY Full load (70A)
Vout=2.5Vdc 92.8 %
Vout=1.8Vdc 911 %
Vout=1.5Vdc 90.3 %
Vout=1.2Vdc 88.7 Y%
Vout=0.8Vdc 84.9 %
Vout=0.65Vdc 81.2 %
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F DK Delivering Next Generation Technology

Gmm-" Series

FPFR12SR6570NA

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

Operation

Input and Output Impedance

The FPFR12SR6570NA power module 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 power module input
pins is recommended. This will ensure stability of the
power module and reduce input ripple voltage.
Although low ESR Tantalum or other capacitors
should typically be adequate, very low ESR
capacitors (ceramic, over 400uF) are recommended
to minimize input ripple voltage. The power module
itself has on-board internal input capacitance of 60uF
with very low ESR (ceramic).
FPFR12SR6570NAE A W ERMEIFIE/VE -4 VATHERL TS Y
T-E 1~ VDREEICHEDH DA NIVY VIR EIZ D=8 N7
V1D AAEYDEBIZT 7 )Voy 0T o e IMT 5 LEHEIHL
FF, NICKYNT-E -V DREBEEREREICL. AAWIVERE
#IMFHILET , IBESRIVAL ., RITFDMDIVT UHE—HREIC(XRESH
YFREBAD., AN LERNITEE=HIZ1E. EFITIEESRIVT VY
(£5399T400uFLL E)EHERLET . NT-EV 1- VB BT A S REIEKICHE
{EESRM60uFtI3v) A VT U EEEH L TLET,

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.

H A WERNZT Bz FBIEESRO LIV T VY DIEGEHE
LET. BEROMER EEH AT MERD-HITERDEREIZC
NODIVTHERETHLEREOLET .

Note that the power module has a SENSE pin to
counteract voltage drops between the output pins and
the load. However, the impedance of the line from the
power module output to the load should thus be kept
as low as possible to maintain good load regulation.
CONT-E 1-VEH NIHFEAFRREOBEN 1T EHIET StV
FEFHOTVET . LALEH S BEDEW AR EERIFT 210
1SN - VDO ADSBFETODI VU - VAT AT RE R YIE
LTLEEELY,

DCDCIn
FPFR125R65 TONA

1

1

H :

10Kk 75kQ ! i

CONTROL ; L G !
INPUT .
(ON-N) ‘—hii ﬁ GhD.! ?sm% kl l
bl - 1

1

Fig. A: Circuit configuration for remote ON/OFF

http://www.fdk.co.jp
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ON/OFF

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

Since this power module is negative logic, to turn the
power module on ON/OFF Pin should be at logic low ,
and to turn the power module off ON/OFF Pin should
be at logic high or connected to Vin through a resistor.
ON/OFFii FIXRIAD &SI, JIvh EBELLIZ)E-MERITLYNT-
T/ 2-WEON/OFFF HDIZfEHLNET,

CONT-E 1-MIFANTA7 B YITT DT, NT-E/ 2~V EONT BI(Z(F
ON/OFFifiF&LowbA bEL, N'T—EY 1~V EOFFF B[ [LON/OFFif
FEHighbA' . XIEVinlER THEBELTTSL,

The ON/OFF pin is internally pulled-down. A TTL,

CMOS logic gate or an open collector (open-drain)

transistor can be used to drive ON/OFF Pin. When

using an open collector (open-drain) transistor, a

pull-up resistor, R*=75kQ, should be connected to Vin

(See Fig.A).

The device driving ON/OFF Pin must be capable of:

(a) Sinking up to 0.2mA at low logic level (=0.8V)

(b) Sourcing up to 5.0mA at high logic level (2.3~5V)
and limiting source current less than 10mA.

ON/OFFEVIEEY 1~ hRBEBTI WA IVENTLVET, TTL, CMOSEYy

b RIEA=70abh3H=-7UNVAY) D509 294 0N/OFFE Y DIRAEIZfE

FTRIBETT . =704 (F=7UN LAY DISVY R9%E R T BB 75k

QDT NTyTEREVINITHEHKL TS, (RABHR)

ON/OFFEVEIR T BT NARICIE T RREEN I BETY,

(a) 0.8VELF DLowlbA' L TO2mAE TDYVIHE

(b) 2.3V-5VDHighRY yJLA L T5.0mAE TOHFREE I E10MALLIT D
HAGERHIR

Remote Sense

The FPFR12SR6570NA power module incorporates
a remote sense function to compensate for voltage
drops between Vout and the load. SENSE(-) and
SENSE(+) pins should be connected via a separate
trace to a point close to the load or to a point where
regulation is required; see Fig. B. This trace should be
located in proximity to a ground plane to minimize
noise pick-up.

In case the remote sense function is not required,
SENSE(-) pin must be connected to GND and
SENSE(+) pin must be connected to Vout. In the
absence of this connection, the power module will
provide a slightly higher output voltage than that
specified.
FPFR12SR657T0NAN)—EY 1~V [&VoutL BT DM TR IS EXETE
FHIET B=ICYE-MUAEEZBLTILVEY . SENSE(-) i F &
SENSE()ifi FI& B Tt I EHNBELERTIZME R OB IR TS
LTS (BBSER) COERRIE/MADEEER/NMNTE=H. 7
FUNITEELTERBRL TS,

VE-MUABRED L EELMEE 1S SENSE()IHF(EGNDIZ, SENSE(+)
I F I3 Vout | THERIL TS, B ARG S . NT-EV -V
EERKRIYETEVVERZHALET,
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FPFR12SR6570NA

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

. . . Rw
C————O Vin Vout VWA

I SENSE(+) o0——f——
Vin O ON/OFF TRIM O §R|oad

SENSE(-) O

&, ? GND GND ™

9, — fT AN

|

Fig. B: Remote Sense Circuit Configuration

Note that the remote sense function will allow the
output voltage at Vout to be up to 0.5V above the
nominal rated voltage in order to maintain regulation
at the sense point. The system design should take
this into account to ensure that the maximum power
drawn from the power module under a given set of
conditions does not exceed that allowed by the
derating curves.

VE-MUABREIE ., tVABFTOBEEZREANITT 578, VoutliDE
EEEEHNBRELIYRKROSVELET  VATLAETH (VTR C
DEREICBEL. T T -7 THBEENARRBNUTTERY
BE5GEELTZELY,

Output Voltage Programming

The output voltage of the FPFR12SR6570NA power
module can be programmed from 0.65V to 2.5V by
using an external resistor.

FPFR12SR657T0NAD H 1 B [E (LM B IHENMZE 459 5 & T0.65V~
25VETHRIZEARETY .

An external trim resistor, Rrgriv, should be connected
between TRIM Pin and GND; see Fig. C. The value of
Rtrim, in kQ, for a desired output voltage, Voreq, in V,
is given by:

HEMEHT Rrgw L TRIMIG FEGND DR ICHEHEL TS, KICES
B, Rpy DEH. RULEGHDEREFIROKICEYKRDET,

50.2

-10 [Q]
(Voreq - 0.6502)

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 Rygy for common
output voltages. For each value of Rrgy, Table 1 also
shows the closest available standard resistor value.
Riam DRETHNEEDOLEICEELET, FEALEDFERKRIC
BT BEMTIWRIZ0S%BDERTHATT, LAOALESAS, &
YBLWHABEDOHIZIE, B AKYE2ARFES|IZFERALET,
Table 1[Z—fRMBHE N EEEHRET IHROEBNMEEFRRLET . £
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Page 6 of 24

Preliminary Datasheet

Table 1[ZIREMTIEREFEALLS S OELEIRTLTVET,

D) —O Vin Vout &

T SENSE(+) &

Vin O ON/OFF TRIM O— § Rload
SENSE(-) C % Rtrim
C —fﬁ GND GND CI\

o

Fig. C: Configuration for programming output voltage

Table 1: Trim Resistor Value

0.65 Open Open
0.8 325.1 300+24
1.2 81.3 51+30
1.5 491 27+22
1.8 33.6 30+3.6
25 171 12+5.1

External Voltage Source

To program the output voltage using an external
voltage source, a voltage, VcrrL, should be applied to
the TRIM pin. Use of a series resistor below 300 Q,
Rext, between the TRIM pin and the programming
voltage source is recommended to make trimming
less sensitive.

NEPEREFE>THAERZNE T SIZIE. TRMIEF ISV DEE
ZENMILET . EERELNBET E20EETHT=8. TRIMIGF &4+
BERMIZ300Q U T DEREEIIIERTH_LEHBOLET

The voltage of the control voltage Vcrr, in V, for a
given value of Regxr, in Q, is given by:
Ve BEE TRORICKVEENATRETT .

10 + R g7 )(Vo.geq - 0.6492
VCTRL — 06 _ ( EXT )( 8Z-REQ ) [V]

Table 2 lists values of Verre for Regxr=0 and
REXT=3OOQ.
Table 2[ERexr=00 B &R =300DBEE DV EEEZRLTLET,
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

Table 2: Control Voltage [Vdc]

Voree [V] Verre (Rext=0) Verre (Rext=300)
0.6 0.599 0.597
0.8 0.582 0.030
1.0 0.557 -0.726
1.2 0.533 -1.482
1.5 0.496 -2.616
1.8 0.460 -3.751
2.0 0.435 -4.507
2.5 0.374 -6.397

Protection Features

Input Under-Voltage Lockout

From a turned-on state, the power module will turn off
automatically when the input voltage drops below
typically 4.4V. It will then turn on automatically when
the input voltage reaches typically 5.3V.
BELTOSRETANEBENTYPTLAVEREICHDE, SONT-F
V1-MIBEEMITEIELEY Tzl ANBEMNTYPTEIVELEIZES
&L CONT-E 1S EBIMICEIMEEBRIALET .

Output Over-Current Protection (OCP)

The power module is self-protected against
over-current and short circuit conditions. On the
occurrence of an over-current condition, the power
module will enter hiccup mode. On the removal of the
over-current or short circuit condition, Vout will return
to the original value (auto-reset).

CONT-T 1-LTBEREERICHLECHRELET . BERKE
1255 E. ZONT-EY 1-MEHiccupE-FIZiY  BEFIREI MBS
ndEVoutlTBREDBICRYET . (BB YL

Over-Temperature Protection (OTP)

The power module is self-protected against
over-temperature conditions. In case of overheating
due to abnormal operation conditions, the power
module will turn off automatically. It will turn back on
automatically once it has cooled down to a safe
temperature (auto-reset).
CONT-E -V S MEBMRERBEERLTOEY  EETHERGIC
FOTMBREEICHDE, CONT-E 1~V EHBMICEELET . B
ERREICETTASEEBMICEIRLET . (BE TN

http://www.fdk.co.jp
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Safety Requirements

The power module meets North American and
International safety regulatory requirements per
UL60950 and EN60950. (Pending) The power module
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 power module is
not internally fused: to meet safety requirements, a
fast acting in-line fuse with a maximum rating of 25 A
must be used in the positive input line.

ZONT-EY 1-IbIFUL60950EENG0950I= & B4k K . R U ERRMGR S
BEZBLLTOETH, FHEERIREB T, SONT-T 1~V EEE
DBEEHTICBVWTSELVOEHEH-LTEY . ANEEMNELVT
HNEHABELELVERYFET BL. CONT-T/ 1-MERAERIZta-
AEF O TLWEHADT, REMBICTHEIEL-OHIZE, ARFOD
75 A B ENER B CRAEE25ADE1-R EHERL TSN,

Characterization

Overview

The power module 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.

CONT-E 1-MTRET T $hE, BHEK., 24-+7y7 8.

RUSwyM OB DEIME, 7'M BINARESLGEEET . SF
TELGBERETHEMATONET,

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.

FEHABEHOT -4 RERBEORITLEOA -V IZBE I TUVE
T o EIEFig *V-#DESITHEBH TSN TEY  +VITHABEEERL. #
[THEDTIIMERLET, FIZIE FigxV-2EHN (& *VHEATOH
ERMHERLET,

Test Conditions

To ensure measurement accuracy and reproducibility,
all thermal and efficiency data were taken with the
power module 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.

AERE. RUBBREMEREICTS-OIC. ETOERE. RUME
TR EAE SN REFMEA - ISA - 21— EF A M FL TR
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BLTWET BEIHMER M Z2FDK4F R 0 AR RERZBANICKET
HCET.RRERE. RURBEREICEELTVET,

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
power module 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 power module
to the PCB, thereby providing a worst-case but
consistent set of conditions for thermal
measurements.

BEEHEA N (XEE0.060"(1.6mm)EDAEPCBTIERL TLVET . &
E2BDIEIINT-E 1-VEERETH-HDON IV ERBEHB DN
4—DHITRELTVET , RAREXTOu mOIRETEN. KUY 7Y
MIMUERBRLTWET . COKSICRBOMBEERYGEDLLLIZE
EERER - IX. NT-E 21— SPCBADED K ITEHIFRL . 7-AF
I-2THYLENILFEOEVEEFEFHEERRLTVES,

Test Chamber

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

FDK4F B 0 B iR REREBE (Z7K T AR D &R £50LFM(B A Xt it £ R
% NC)MS600LFME THEE [CHIHTE | IRETEEX30°CH 1585°CE
HETEES  REAEICITFRIMRIRY T 57 BEBREFEALT
WET,
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It is advisable to check the power module 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. D.

Nt 1D REFEEOERRETAE TS LaHHOLET,
FICEERLOARNEET (L -T) DRXEITENG S ITBRIE
NHETYT BEREICIERIMES -7 774, RITBEFEHELL
R FES . REREFERATIEE. ROWIFICHEIEEHSEOH
EUAIFEBREEDET B0 AWGAOD TR ZHRLFT, BEX
TOAEICRELERIIEDITRLET,

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 power module was mounted
horizontally, and the airflow was parallel to the long
axis of the power module, going from pin 16 to pin 6.

*WV-1EHIRFEEEAZEDER TICETHIRREAERERL
FY . RERE XA ENC(50LFM)~ 400LFM D 5 4 T30°C ~85°C Dl
EEBIETVET ATV 1-EKFISHEL. RRAEENT-
Y1-hORFAMIZETTIOERL VN S6FL VIZAITTRNTVETS,

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 power module (70A)
FERDAEEHTRAENEROEEITROLBYERLET.

M) WFhHDERDBEN120°CIZEZELEBADH A THRMBE L
(i) NI-ES 1N DAHERER (T0A)

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. D should not
exceed 120°C in normal operation. (Refer to Notes on
page 23)

BET-TOTOEERNTEESE 510, BRREL120°CEE
ZIEVESICTEHRLLZEW, > T, BEEERICEDISTT RED

BERDBEMN20°CERBZLRNKSICLTESLY, (23EDNotesS
ic))

Note that continuous operation beyond the derated
current as specified by the derating curves may lead
to degradation in performance and reliability of the
power module and may result in permanent damage.
HABRT AT -7 THRESN-ERERTEA EHELI-1E
EIL. HEEDET. EEHEDOET. RUT 1-VOHEBESIEFEIT
ERBYET,
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

_—
Thermocouples TuH vin Vout °
Input Inductor, Vout
Cin
Co
—_ DC/DC -1 —1
. 47QpF Converter _ 100HF__ SZQHF
Aluminum Ceramic Aluminum
Vin source Electrolytic Capacitor Electrolytic
Capacitor Capacitor
GND GND ]

Fig. F: Test setup for measuring input
reflected ripple current

Thermocouples

Fig. D: Location of the thermo couples for thermal
testing

Ripple and Noise

The test circuit setup shown in Fig. E was used to
obtain the output voltage ripple. And Fig. F 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.
REISRIREBREEIEHE AT VOREIERALTEY. AAWT LD
BEICEEFORBEBEFEALTVET . 2 TOHE DT VKRR
WFDEF3)vT A EBLTRIELTOET,

>
. f O
1uH Vin Vout
Input Inductor] Vout
Cin Co
—_ DC/DC -4 i
470uF 100pF 820uF
T anmi Converter — -1
AIummurr] Ceramic Aluminum
Vin source Electrolytic Capacitor Electrolytic
Capacitor Capacitor
GND GND o}

Fig. E: Test setup for measuring output voltage ripple
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output
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Fig-2.5V-1: Available load current vs. ambient temperature and airflow rates for
Vout=2.5V with Vin=12V. Maximum component temperature =120°C
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Fig-2.5V-2: Efficiency vs. load current and input Fig-2.5V-3: Power Loss vs. load current and input
voltage for Vout=2.5V. voltage for Vout=2.5V.
Airflow rate=200 LFM (1m/s) and Ta=25°C. Airflow rate=200 LFM (1m/s) and Ta=25°C.
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

TokStop | i

M[1.00ms A Ch2 5 5.00V

10.00 %

OGN 500my &/Chz[ 10.0V

Fig-2.5V-4: Turn-on transient for Vout=2.5V with
application of Vin at full rated load current (resistive)
and 920uF external capacitance at Vin=12V.

Top trace: Vin (10V/div.)

Bottom trace: output voltage (500mV/div.)

Time scale: 1 ms/div.

TekStop | O ————41

3 O O S S DT P

@ T00mv A M40.0us] A Chd & 62.0 A

Ch4] 25.0 A%
20.00 %

Fig-2.5V-6: Output voltage response for Vout=2.5V
to positive load current step change from 52.5A to
70A with slew rate of 3A/us at Vin=12V. Co=920uF.
Top trace: output voltage (100mV/div.)

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Tl stop

ol . ,»"‘"\ AV /’”\/'“\ VaWAY

M\2 00]J.S A\ Chl 5 3.20mv|

10.00 %

20, 0mvAy,

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 920uF at Vin=12V.
Time scale: 2 us/div

TekStop | e

S 100mV &) ' M[40.0us| A Chd . 62.0 A

Chd4] 25.0AQ
20.00 %

Fig-2.5V-7: Output voltage response for Vout=2.5V
to negative load current step change from 70A to
52.5A with slew rate of -3A/us at Vin=12V.
Co=920uF.

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

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output
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Fig-1.8V-1: Available load current vs. ambient temperature and airflow rates for
Vout=1.8V with Vin=12V. Maximum component temperature =120°C

100 14
95 e e o ot 12 /’
, = —t 1 1 *-— ::- :t:-:—:::_;:-_ ’
90 " e B 10 / J
- ! - //
é 85 ,'l’ S 8 P -
5 g Lif 2 5
= # 54
3 ."ﬁ 3 6 //4'
i a 4 -2 .
70 4 -—-8Vin L -=-8Vin
P -
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Fig-1.8V-2: Efficiency vs. load current and input Fig-1.8V-3: Power Loss vs. load current and input
voltage for Vout=1.8V. voltage for Vout=1.8V.
Airflow rate=200 LFM (1m/s) and Ta=25°C. Airflow rate=200 LFM (1m/s) and Ta=25°C.
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6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

TekStop | e

@Ml 500mV ®ChZ 10.0vV &M[T.00ms A& ChZ 7 6.00V
10.00 %

Fig-1.8V-4: Turn-on transient for Vout=1.8V with
application of Vin at full rated load current (resistive)
and 920uF external capacitance at Vin=12V.

Top trace: Vin (10V/div.)

Bottom trace: output voltage (500mV/div.)

Time scale: 1 ms/div.

Telcstop_|_

B

OGE] 100mV Ak M[40.0us| A Ch4 S 6254

Chd| 25.0AQ
20.00 %

Fig-1.8V-6: Output voltage response for Vout=1.8V
to positive load current step change from 52.5A to
70A with slew rate of 3A/us at Vin=12V. Co=920uF.
Top trace: output voltage (100mV/div.)

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Tokstop, |

~ T M TN T

M[2.00ps| A Chl 5 7.20mv|

10.00 %

[ 20.0mV s

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 920uF at Vin=12V.
Time scale: 2 us/div
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> U SUUS URUNS DR SUUNS SIS DU PRSI

OGE 100mV A6 M40.0ps| Al Chd L 61.5 A

Chd| 25.0AQ
20.00 %

Fig-1.8V-7: Output voltage response for Vout=1.8V
to negative load current step change from 70A to
52.5A with slew rate of -3A/lus at Vin=12V.
Co=920uF.

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

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Fig-1.5V-1: Available load current vs. ambient temperature and airflow rates for
Vout=1.5V with Vin=12V. Maximum component temperature =120°C
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Fig-1.5V-2: Efficiency vs. load current and input Fig-1.5V-3: Power Loss vs. load current and input
voltage for Vout=1.5V. voltage for Vout=1.5V.
Airflow rate=200 LFM (1m/s) and Ta=25°C. Airflow rate=200 LFM (1m/s) and Ta=25°C.

http://www.fdk.co.jp Page 14 of 24 Ver 1.5 Oct. 23, 2017



F DK Delivering Next Generation Technology

;M/Mo" Series

FPFR12SR6570NA

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

TokStop | i

[ 500mY ®Ch2[ 10.0V M[1.00ms A Ch2 5 5.60V

10.00 %

Fig-1.5V-4: Turn-on transient for Vout=1.5V with
application of Vin at full rated load current (resistive)
and 920uF external capacitance at Vin=12V.

Top trace: Vin (10V/div.)

Bottom trace: output voltage (500mV/div.)

Time scale: 1 ms/div.

Tekstop |

E : .

Sl Toomv e M[40.0s| A Chd 4 61.5A

Chd| 25.0A 0
20.40 %

Fig-1.5V-6: Output voltage response for Vout=1.5V
to positive load current step change from 52.5A to
70A with slew rate of 3A/us at Vin=12V. Co=920uF.
Top trace: output voltage (100mV/div.)

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Tekstop |

M[2.00us A Ch1 S 3.20mv

10.00 %

@ 20.0mVAy

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 920uF at Vin=12V.
Time scale: 2 us/div

TelcStop_| —
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M40.04s| A Chd v 61.5A
20.40%

Ch 1 IR R

Chd] 25.0A0

Fig-1.5V-7: Output voltage response for Vout=1.5V
to negative load current step change from 70A to
52.5A with slew rate of -3A/lus at Vin=12V.
Co=920uF.

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

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Fig-1.2V-1: Available load current vs. ambient temperature and airflow rates for
Vout=1.2V with Vin=12V. Maximum component temperature =120°C
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Fig-1.2Vv-2: Efficiency vs. load current and input Fig-1.2V-3: Power Loss vs. load current and input
voltage for Vout=1.2V. voltage for Vout=1.2V.
Airflow rate=200 LFM (1m/s) and Ta=25°C. Airflow rate=200 LFM (1m/s) and Ta=25°C.
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Tekstop, |

S 500mY ®Ch2[ 10.0V M[1.00ms A Ch2 S 6.00V

10.00 %

Fig-1.2V-4: Turn-on transient for Vout=1.2V with
application of Vin at full rated load current (resistive)
and 920uF external capacitance at Vin=12V.

Top trace: Vin (10V/div.)

Bottom trace: output voltage (500mV/div.)

Time scale: 1 ms/div.

TeleStop_ | e

W 100mv A ' M[40.0Ms| A Cha J 61.5 A
che[ BBOAQ
20.40 %

Fig-1.2V-6: Output voltage response for Vout=1.2V
to positive load current step change from 52.5A to
70A with slew rate of 3A/us at Vin=12V. Co=920uF.
Top trace: output voltage (100mV/div.)

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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TekStop |

“UM[2.00ps A Ch1 7 3.20mV,
10.00 %

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 920uF at Vin=12V.
Time scale: 2 us/div

TekStop | e ————e————

@ 100mv A M40.0us] A Chd L 61.5 A
cha[ 25040
70.40 %

Fig-1.2V-7: Output voltage response for Vout=1.2V
to negative load current step change from 70A to
52.5A with slew rate of -3A/us at Vin=12V.
Co=920uF.

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

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Fig-0.8V-1: Available load current vs. ambient temperature and airflow rates for
Vout=0.8V with Vin=12V. Maximum component temperature =120°C
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Fig-0.8V-2: Efficiency vs. load current and input Fig-0.8V-3: Power Loss vs. load current and input
voltage for Vout=0.8V. voltage for Vout=0.8V.
Airflow rate=200 LFM (1m/s) and Ta=25°C. Airflow rate=200 LFM (1m/s) and Ta=25°C.
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TokStop | i

[ 200mY ®Ch2[ 10.0V M[1.00ms A Ch2 5 5.60V

10.00 %

Fig-0.8V-4: Turn-on transient for Vout=0.8V with
application of Vin at full rated load current (resistive)
and 920uF external capacitance at Vin=12V.

Top trace: Vin (10V/div.)

Bottom trace: output voltage (200mV/div.)

Time scale: 1 ms/div.

Tekstop |
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Cha| 25.0A
20.40 %

Fig-0.8V-6: Output voltage response for Vout=0.8V
to positive load current step change from 52.5A to
70A with slew rate of 3A/us at Vin=12V. Co=920uF.
Top trace: output voltage (50mV/div.)

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Tokstop_|_

“UM[2.00ps A Ch1 7 1.60mV,
10.00 %

Fig-0.8V-5: Output voltage ripple (20mV/div.) for
Vout=0.8V at full rated load current into a resistive
load with external capacitance 920uFat Vin=12V.
Time scale: 2 us/div
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Fig-0.8V-7: Output voltage response for Vout=0.8V
to negative load current step change from 70A to
52.5A with slew rate of -3A/us at Vin=12V.
Co=920uF.

Top trace: output voltage (50mV/div.)

Bottom trace: load current (25A/div.)

Time scale: 40us/div.
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Fig-0.65V-1: Available load current vs. ambient temperature and airflow rates for
Vout=0.65V with Vin=12V. Maximum component temperature =120°C
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Fig-0.65V-2: Efficiency vs. load current and input Fig-0.65V-3: Power Loss vs. load current and input
voltage for Vout=0.65V.

voltage for Vout=0.65V.
Airflow rate=200 LFM (1m/s) and Ta=25°C. Airflow rate=200 LFM (1m/s) and Ta=25°C.
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Tekstop, |

Tek stop | -

O 200mv &Chz[ 10.0V &M[1.00ms A Ch2 & 4.80V| W 20.0mvoy

M[2.004s A Ch1 J 400V

10.00 % 10.00 %
Fig-0.65V-4: Turn-on transient for Vout=0.65V with Fig-0.65V-5: Output voltage ripple (20mV/div.) for
application of Vin at full rated load current (resistive) Vout=0.65V at full rated load current into a resistive
and 920uF external capacitance at Vin=12V. load with external capacitance 920uFat Vin=12V.
Top trace: Vin (10V/div.) Time scale: 2 us/div

Bottom trace: output voltage (200mV/div.)
Time scale: 1 ms/div.

Telestop | e e —————————1. TekStop | e e
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Fig-0.65V-6: Output voltage response for Fig-0.65V-7:  Output voltage response for
Vout=0.65V to positive load current step change Vout=0.65V to negative load current step change
from 52.5A to 70A with slew rate of 3A/us at from 70A to 52.5A with slew rate of -3A/us at
Vin=12V. Co=920uF. Vin=12V. Co=920uF.
Top trace: output voltage (50mV/div.) Top trace: output voltage (50mV/div.)
Bottom trace: load current (25A/div.) Bottom trace: load current (25A/div.)
Time scale: 40us/div. Time scale: 40us/div.
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Mechanical Drawing
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Pin Connections ‘

Pin # Function Pin # Function

1 ON/OFF 9 Vout

2 PGOOD 10 Vout

3 NC *1 11 Vout

4 NC 12 Vsence(+)
5 NC *1 13 Vsence(-)
6 GND 14 Trim

7 GND 15 Vin

8 GND 16 GND

Part Numbering Scheme

Notes
All dimensions are in millimeters (inches)
Unless otherwise specified, tolerances are
+/- 0.25mm
Connector material: Copper
Connector finish: Gold over Nickel
Converter weight: 0.6140z (17.49)
Converter height: 11.5mm Max
Recommended surface-mount pads: 2.6 x
3.8mm

*1: Pin 3 and 5 should be no connection to external
circuitry.

Product Shape Regulated/ Input Mounting Output Rated ON/OFF
SEIES P Non Voltage Scheme Voltage Current Logic
FP F R 12 S R65 70 N A
; . 0.65V
Series Flat R: Typ=12v | Suface | o ammable: 70A N: Negative | Standard
Name Regulated Mount See page 6)
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Notes

PATTERN DESIGN: Please prohibit patterns other than 0V shield pattern the pattern drawing under the
product considering the interference etc. of the insulation failure and another circuit.

Ni-UERET: EATEAONG-V5|IEALIIEERRELVHEIRED FHEEZRLTOV/-INNG-V SN DN I-VIFEIEL TS
Z&0y,

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.

BELUVERDTI)r-vav: FDKEGIEGHIFEE. BIRGREICERINIHRE. THEREATLAGEICE THEEL
mELTIK. FDKOEFEELLTOFEAFRAIESNEE A,

Operating Conditions: Do not use power modules under the following conditions because all these factors
deteriorate the power module characteristics or cause failures. 1) Wet or humid locations, 2) corrosive or
deoxidizing gas (Hydrogen sulfide, Sulfurous acid, Chloride and ammonia, etc), 3) Volatile or flammable gas, 4)
Dusty conditions, 5) Under high pressure or low pressure, 6) location with salt water, oils, chemical liquids or
organic solvents, or 7) Strong vibrations or mechanical impact.

FARE: ANI-E/ 1V EUTISTRIRECITHERICELAENTZEN, CALIEINT-E 1- LD MEE S LSE. REDIES.
HIEOQRREGYVES . 1) KEMNDBFIPLLED-OITHRETIEENDHHHA. 2) BREM., ExENR BRIEKEK, B
B.ER.TUESTEH) FEK®.3) BRE.FINEOHINAFHER. 4) MEDSWGA. 5 BE. FEMESNEER
B, 6) &K, M. iR, ARBFICEToESNHIGA. X(T 7) BELIRE . XIEEEL MO LI

HIGH RELIABILITY AND LONG LIFE APPLICATIONS: If FDK Corporation products are used in high reliability
or ling life applications, reduce temperature of the power modules and determine the condition on your own
responsibility after confirming reliability and life time in your actual application.

BEEE. RUREGHERINIEEBETOER: ANT-T/ 1- V25 EHEE. RITEFGHERINIEETHERTREEIC
F.ANT-E -V DREERET HEELIC. ERHFOBRICAVTEEE L TOEERLFMEZRIBLTHEAZHEREL T
Z&0y,

CLEANSING : Cleansing of this power module is not recommended. When cleansing, determine a cleansing
condition on your own responsibility after confirming there is no impact on the characteristics/performance of the
power module.

HF ANT-E-MDRFFHERNLERA. RFTEIHEEOREEME. ERBRERITEVTANT-T 1- I DFE/1E
REICHENBVEZEELTREL TR,

INTELLECTUAL PROPERTY RIGHTS : FDK CORPORATION shall not be liable for any infringement or dispute
arising in connection with the effect of out third party's intellectual property rights or other rights during your use
of our products or information described in this datasheet. NO license to use the lights mentioned above shall be
granted.

BB - BT AV —MEHOHERLLLIEHOFROEAICEL T, AHELIIE=ZZF DM EETDDIEFIZH
POLEENFREL-ZEE. FOKEZDELEILOTEIHYFER A . CNoDEFIOERIEDHELITILOTEHYE
Ao

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

EHRDOERELRY: AREERBICLSTEEEINTOETN, FPELLTEETHHANTEVET,
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F DK Delivering Next Generation Technology

;M/W’ Series

FPFR12SR6570NA

6-13.2Vdc Input, 70A, 0.65-2.5Vdc Output

Storage Condition:

Preliminary Datasheet

Sealed bag

Opened *

Storage Temperature

Less than 40 degC

Less than 30 degC

Storage Humidity

Less than 90%RH
Non Condensing

Less than 60%RH
Non Condensing

Storage Life

12 months

168 hours

* MSL rating of this product is 3 (IPC/JEDEC J-STD-033)

REEH:
KB EF % *
RERE 40°CLLTF 30°CLLTF
RETE 90%RHLAT (FETBLGEIL) 60%RHLAT (RFETLEIL)
REHR 120 BN (FE &) 1688 [ LAN

* ARE G DOMSLL-T(5 (LA V3T (IPC/JEDEC J-STD-033)
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