|F DK Delivering Next Generation Technology

) 74 )
ANAY Series

FPKD48*6R016*A

36-60Vdc Input, 16A, 6Vdc Output

The KD Series of isolated dc-dc power modules
deliver  exceptional electrical and  thermal
performance in industry-standard footprints for
isolated brick power modules. These are the power
modules of choice for Intermediate Bus Architecture
(IBA) and Distributed Power Architecture applications
that require high efficiency and high reliability in
elevated temperature environments with low airflow.
#13577)yIDC/DC/A T —ED 12— ILDKDY-R X ERIZE DL VER
T BHTEN-ESHNEE. REERFEZRBLEY, o
T—EPa—)LiE. BB RUREDDLVBRETEME, SEEH
MNERINBIBA, XIFIDPATOFERAICHRETT .

The FPKD48*6R016*A power module of the KD
Series is a low profile one-sixteenth Brick power
module that operates from a 36Vdc to 60Vdc input
and provides a tightly regulated 6V dc output. It
delivers up to 16A of output current. The thermal
performance of the FPKD48*6R016*A is excellent:
KDY —2"() FPKD48%6R0O16%A[L36V~60VA W TEIET HELE
1716794 IRT—FEDa21—)LTT, 16AZHNATETT,
FPKD48*6R016*AM R E 44 (X)7ARELA L TY

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.

EEEERET. MERERET. RUN VIV VBt OHBR THEIREHDIE
EHHEER. SRERERRACRB LS TOET. FEIZENT:
MBECEEE IS ET R, BERA M. RUFDKD R L
DBEHEETIEAICEYBEShET,

Applications

¢ |ntermediate Bus Architecture
RN ARV ATA

e Telecommunications
TLALYATA

o Data/Voice processing
T 45018 YAT L

e Distributed Power Architecture
PEREEIRVATA

o Computing (Servers, Workstations)
WE - 4BERG -~ T-IRT-VaY)
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FPKD48T6R016*A

Features

¢ ROHS compliant RoHS#EHL

e Delivers up to 16A (96W)
16A (96W)E THEFARTRE

¢ High efficiency, no heatsink required
ENE-RBBEHNTE

¢ Industry-standard one-sixteenth brick pinout
ERIZED1/167)y) VLTI

e Small size and low profile: 1.39” x 0.90” x 0.33”
INEY(34.28 x 22.86 x 8.5mm)

¢ No minimum load required

e Start up into pre-biased output
HAIZTYINATAD B> THIEBENTT BE

¢ Meets basic insulation requirements of EN60950

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

¢ Positive or negative logic remote ON/OFF option

¢ Fully protected: OCP, OTP, OVP, UVLO
RigME: BER. AR BEX. BEEMITIH

o OCP setting variable featured
OCPERIE A i AEH &

¢ Remote output voltage sense

¢ Output voltage trim (+20%/-50%) using
industry-standard trim equations

¢ High reliability, MTBF = 3.5 Million Hours (@30°C)
& S48 MTBF = 3.5 Million Hours (@30°C)

¢ All materials meet UL94, V-0 flammability rating
£TOEGRIE UL V-0ISEE

RPMEFEFE
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36-60Vdc Input, 16A, 6Vdc Output

Electrical Specifications T&EIEH
All specifications apply over specified input voltage, output load, and temperature range, unless otherwise noted.
ERMNENVEE. ETOREKREIEESN-ANER. &f. BEHETERINET,

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

PARAMETER NOTES MIN TYP MAX UNITS

ABSOLUTE MAXIMUM RATINGS'
Input Voltage Continuous 0 60 Vdc
Operating Temperature Ambient temperature -40 85 °C
Storage Temperature -55 125 °C
ISOLATION
Isolation Voltage 1500 Vdc
Isolation Resistance 10 MQ
Isolation Capacitance 1000 pF
INPUT CHARACTERISTICS
Operating Input Voltage Range 36 48 60 Vdc
Input Under Voltage Lockout

Turn-on Threshold 33 36 Vdc

Turn-off Threshold 31 34 Vdc
Input Voltage Transient 100mS 100 Vdc
Maximum Input Current 16Adc, 6Vdc Out @36Vdc in 3.1 Adc
Input Stand-by Current (module disabled) zi/ii:azligv’ power module 27 mA
Input No Load Current (module disabled) \e/ri:;tjlgc?v, ERUEREE 90 mA
Input Reflected-Ripple Current ;ﬂhggg&;OUH source 25 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 power module and may result in
permanent damage.

R RAREREBAANAET I —TI DT ICKYIRESN - ERERZTBABEL. HEEOET. RAEEHOET. RUE/ 1-IOWEE
BIERITIENHYET,
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Electrical Specifications (Continued) B&RMEH (S

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

PARAMETER NOTES MIN TYP MAX UNITS

OUTPUT CHARACTERISTICS
Output Voltage Range
(Over all operating input voltage, resistive load 5.82 6 6.18 Vdc
and temperature conditions until end of life)
Load Regulation 60 mV
Output Ripple and Noise BW=20MHz lgfacr’]fi'czzo“F OScap + 47uF 50 mVp-p
External Load Capacitance Plus full load (resistive) 47 10000 uF
Output Current Range 0 16 A
Output Current Limit Inception (lout) 115 125 135 %
Output Short-Circuit Current Short=10mQ 3.6 Arms
;;i/ﬁfanc: SZprhnffge with di/dt=5A/us ZZONIF OSEEp 5+ AR CRED S0 (i
Efficiency 100% Load(16A) 88.8 %
FEATURE CHARACTERISTICS
Switching Frequency Output 380 kHz
Turn-On Delay Time Full resistive load

with Vin (module enabled, then Vin applied) (F)r;"{‘/c\)ﬁ?;\é'r:gm'”) to 355 ms

with Enable (Vin applied, then enabled) From enable to 0.1*Vout(nom) 10 ms
Rise Time (Full resistive load) grg,{{‘/(?q:(*r:/o?ﬁ;(nom) to 15 ms
ON/OFF Control

High Threshold Voltage 2.5 20 Vdc

Low Threshold Voltage -0.5 0.8 Vdc
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Operation

Input and Output Impedance

Inductance associated with input and output power
lines can affect the stability of the FPKD48*6R016*A
power module. The addition of a 47uF electrolytic
capacitor with an ESR < 1Q across the input will help
to ensure stability of the power module in many
applications. To cover applications where decoupling
capacitance is needed at the load, the power module
has been designed to exhibit stable operation with
external load capacitance up to 10,000uF.

AN RUHBAFIVD105 950X ILFPKD48*6R016%A DR TEB/EIZK
EREENHYET, ZLDT7VI—VIVTANFIVIZESRAN QKFED
ATFERIVTUIEMITZIETNRNT—ES 21— LOREBENATEE
T, BRIHIST I VoI 20T v BMEKT 7 r—Yav Tl 10,000uF F
TRELTEMET HLIH[ TS TULET,

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 AT WERNT B8 FBIEESRO I3y T VY DI E HE
LET, BEFOFERLEEH AT IMERO-OICAROEEEIZ
NEDOITUIERETILEHEDLET,

ONJ/OFF (Pin 2)

The ON/OFF pin (Pin 2) can be used to turn the
power module 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/OFFif F(2FEL IEVin-QBBENEHELLIZYT-MERIZLY /N
J—EPa1—)LEON/OFFF 2DIZHERATEET, JE-havba-LIEH
VT ENTT DAEENTEETT . —MEI%)E-ION/OFFE i %
B-AIZRLET .

In the positive logic version the power module 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 power module is on. Voltage ranges
for logic high/low are provided in the Electrical
Specifications section.

Y 747099 ILON/OFFE VA SHERHIIHigh (open) TEIMEL . SHEEHY
ISLowTfEIELFET . ON/OFFEVARER (A-7VDHE, /AT —F
Da—JLIZONLET ., REMHigh/LowDEXFRITERME MRS
BLTLEEL,
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In the negative logic version the power module 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 power
module will turn on without the need for a control
signal.

A0 T47°0Y 991 ON/OFFE Y AV SR EB A I Low TEIVEL . SHIBRYICHigh
(open) TELLLET . ON/OFFEVAVIn()IZEFINTLSIHEE . IVt
A-MEBHECTEH/RT—ESa—LIZONLET,

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/OFFEVIEEY 1=V BB TT W7y SN TLVET . ON/OFFE V&R B
T BI-OITHEBMBIRMYTF, £-7"aV9-b50Y R4 RILFETE {E A AT 48
TY. EATEERF0SVUTOEETO2MAETEREREIVLE
AHYET, ImAETHRE DI EEREK+20V)A ON/OFFE' V% ER
BT HDIEMATRETT,

(O onvorF

Converter

O Vin—

Fig A: A typical configuration for remote ON/OFF

Ver 02.00 Dec.4, 2017
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36-60Vdc Input, 16A, 6Vdc Output
Remote Sense (Pins 5 and 7)

To compensate for voltage drops that occur between
the output pins of the power module 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).

NI—FED21— )LD NHFEEEFEARBELR (VMGEE BRI
EDRETRETHEEMRTEMHIET H7=0IZIE. SENSE(-) (Pin 5) &
SENSE(+) (Pin 7) ZAFHEIN. RITEEFEASBELGR(UMIERKL
F9. (IBSH)

— 1 @ Vin(+) Vout(+) @+
SENSE

T FPKD Series «) o

Vin Converter TRIM o Rload
SENSE (-) -

— 1 @ 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 power
module output voltage. If the SENSE pins are left
open, the power module will regulate at an output
voltage that is slightly higher than specified.
JE-bEVADBETHENEED, SENSECE VIEVout(-) 4FEE™Y) &
SENSEM)EV(EVout(+) (BFELY) ITHEKL H N EENEEREELEE
ISLFET. SENSEEVAMERSN TULVEWEH WBREITHREDELYD
THCERLET.

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.

MR DEEHER/MIMZ D120, tVAL VDS ERNDERRIE) FVNER
RITIECL TSN, ALBM TEERK T HIHE (L. VAN THED
FEREHEIOHLES,

Note that the output over-voltage protection (OVP)
feature of the power module 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 power module
and the load should be kept at a minimum.

http://www.fdk.com
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CONT—ED21—IILOH HEEFREOVP)IEVout(+) & Vout(H)E D
BEITKFL. VAL VEIOBEICIHRFLEE A, OVPOFHAE st
IhEHSEOIZ.NNT—ED1—IILOE AhiHEFLEARBOERKS
(BENRY?)EFRDZLTIESLY,

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
power module under a given set of conditions does
not exceed the maximum output power of the power
module. For any given ambient conditions, the
maximum output power of the power module is the
product of the maximum output current, as defined by
the derating curves, and the nominal output voltage.
VE-MVABBEII AR TOEEERIET 570, HAHOEEEE
BLYLELET . VATAORE TRAHICEBEL. NAT—FDa—
LOEABANZRRKERENEBRALGOLIITEEL TSN,
FTHONBERIZENTERT—ED 21— ILORKEKRENIET L
T h-T ISR SN RAE N EREHNEETRESNET.
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Output Voltage Adjust/TRIM (Pin 6)

The output voltage can be trimmed up 20% or down
50% relative to the nominal output voltage using an
external resistor.

HABEIHNBERZERTHE T EBBEITHL +20% -50%D
BINERTY,

The TRIM pin should be left open if trimming is not
being used.

TRIM EVIEHAEREDMNIVT EEDLATNIERERICLTEEET.

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

HABEFZERSEDWMATY)IZIE (RCSHE), MAEH Ry &
TRIM(Pin 6)& SENSE(+) (Pin ElIZ#ERELET,

5.11(100 + A)Vg sy - 626

-10.22 [kQ]
1.225A

Rie =

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

(VO—REQ B VO-NOM) %100 [%]

VO-NOM

A:

Vo.req = Desired (trimmed) output voltage [V]

When trimming up, care should be taken not to
exceed the maximum output power of the power
module, as discussed in the previous section.
HABEZ ERESEZ(MLTYTVEE FIETHOHRBEDKISIT/IT—E
DA LOBRAERENEBAGVEIITEREL TS,

—1 @ Vin(+) Vout(+) @
SENSE(+ .
T FPKD Series © e S
Vin Converter TRIM @l
SENSE() e Rload
— 1@ Vin(-) Vout(-) @

Fig. C: Configuration for trimming output voltage up
To trim the output voltage down (Fig.D), a trim resistor,
Rr.own, should be connected between the TRIM (Pin
6) and SENSE(-) (Pin 5):

http://www.fdk.com
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HABEZTFBMAEINIZIE (RIDSE). MAER Ripw %
TRIM(Pin 6)& SENSE(-) (Pin S)FEIZ#E#RELET ..

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 power modules.
EROMNMEREOHEFTE BRI PWINT—ED1—ILTER
BETY,

—1 @ Vin(+) Vout(+) @
SENSE(+
T FPKD Series o1
Vin Converter TRIM @] §
Rr.
SENSE (-) .% o
— 1@ Vin(-) Vout(-) @

Fig. D: Configuration for trimming output voltage down

Note that trimming up or sensing above 20% of the
nominal output voltage could cause unnecessary
triggering of the output over-voltage protection (OVP)
The voltage of between power module’s output pins
with remote sense should not exceed 120% of
nominal output voltage:

[Vout() - Vout(-)] <[Vout(Nomnal)x120%] [V]

ERHEAEED200EBZDHMNATY7 . RIFEELVRT, FRELE
EEREOVPIOBRBIZREERZYES,

JE-MVAREQ/NNT—ED2—)LOHEAHFFREENEREAEETD
120%EBAELRICLTTEL,
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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 32.5V. It will then turn on automatically when
the input voltage reaches typically 34.5V.
BELTOSIRET. ANBEEMNTYPTI25VREGIZHDE/NT—F
Da—LIEEBMIZEIELETS . F-. ANBEEMNTYPTIAEVLLE
1275\ T—EDa—LIEBBIMICEMEERASALET

Output Over-Current Protection (OCP)

The power module is self-protected against
over-current and short circuit conditions. Overcurrent
protection mode can be selected from the following
four types by the PMBus.Default of this module will be
(4).

(1)It cuts off the output enters constant-current control
after the overcurrent protection circuit is activated, it
becomes the output variable range below the output
voltage drops.

(2)Overcurrent protection circuit is activated, and then
shut down the output immediately.

(3)Overcurrent protection circuit is activated, and then
shut down the output immediately, but will 100msec
after restart.

(4)Overcurrent protection circuit is activated, and then
shut down the output immediately, but will restart
anomaly is canceled.

CONT—EDa— )LEBEREATERICHLECRELET. B
BERRET—FIZPMBusIZ&Y U T D4FEEN SEIRARETT .
AED2A—IDTIAHILMNE@)IBYET,
(MBERRERRABEL-HEEBFRFEIHY, HABEHIE
TLHAREHELUTICASEHE hEERLET,
(BTBHRFERBELBIET L. BB HE vy OULET,
RBERFREREIBET 2L, B AZESvIRTOULET A,
100msecE BEELET,

OBERFRELQBRILBET DL A NE vy IULETH B
BEHERINGEBERBLES.

XIf the output is cut off low voltage protection and over—current
protection circuit is activated, you can either re—turned to shut off the
DC input, You can be the power is turned back on in and then to
re—return to turn OFF the remote control.
BERRENBECEETREHESBELEANERLI-ES
. DCAHNZEHLBHZAT DA, JE—,IVFO—LEOFFICLE
BIRESEBLTEREBRATHENTEFT,

Output Over-Voltage Protection (OVP)

The power module provides protection against
over-voltage conditions at the output. Overvoltage
protection mode can be selected from the following
four types by the PMBus.Default of this module will be

(3)
http://www.fdk.com
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(1)The overvoltage protection circuit does not work, it
continues to operate continuously.

(2)Overvoltage protection circuit is activated, and then
shut down the output immediately.

(3)Overvoltage protection circuit is activated, and then
shut down the output immediately, but will 100msec
after restart.

(4)Overprotective voltage circuit operates, and then
shut down the output immediately, but will restart
anomaly is canceled.
CONT—EDa—LIFHAGKDOBERFERELFT . BEXTRE
E—RIEPMBusIZ&Y LT DABEMNSHEIRARETT
AED21—IOTIHILMEGIZEYETS,
OBEERERB BN T, BRTHIELEITS.
QBEXRELBNENET L. BIHNEI v IULET,
QBEERERBHIEET HL. BIHAES vIMTIULET A,
100msecR BEHEEILET

@EREEERBRAENET L. BMHNE v IULETH B
EHNBRINIEFEELES,

X If the output is cut off over temparature protection circuit is
activated, you can either re—turned to shut off the DC input, You can be
the power is turned back on in and then to re—return to turn OFF the
remote control.

BEERERBLSEELE AL ERLIBEE. DCANZENLE
BATEL.VE—FIVFA—ILEOFFICLBEFBIEHILTERE
BERATHIENTEETS,

Over-Temperature Protection (OTP)

The power module is self-protected against
over-temperature conditions. Over- temperature
protection mode can be selected from the following
four types by the PMBus.Default of this module will be
(4).

(1)Thermal protection circuit does not work, it
continues to operate continuously.

(2)Overtemp protection circuit is activated, and then
shut down the output immediately.

(3)Overtemp protection circuit is activated, and then
shut down the output immediately, but will 100msec
after restart.

(4)Overtemp voltage circuit operates, and then shut
down the output immediately, but will restart to
become the temperature is lowered.
CONRT—ED1— LT BRREREEZALTVET . BRREE—
RIZPMBusIZ&Y LI T OATEFEN S ZIRATEETT
AED2—ILDTIAHILMNE@)IEYET

OB RERBTEHN T ERTEELKITS.
QBRRERBRAEET DL, BIENES v IULET,
QEMREEBIBET DL, B AES vy T oV LET A,
100mseciZ BEELET

@ERBERBLIBET DL, BIHAZI v OULETH RE
MNETFTEHLEEEBLES,

3XIf the output is cut off over voltage protection circuit is activated, you
can either re—turned to shut off the DC input, You can be the power is
turned back on in and then to re-return to turn OFF the remote control.
BERENBELE NHEMLIIHEES (L. DCAANZEHLERAT
. UE—FIUFO—LEOFFIZLBERIEALETEREBERA
FEHIENTEES,
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OCP setting variable featured

By attaching over-current limit value resistance
(Rocp) between SENSE (-) and GND, it can carry out
variable [ of the current value which an over-current
protection circuit commits ] from an amperage rating
value.

BT I PR E i (Rocp) & SENSE(-) & GNDRSIZERY At (+ B &2 &
Y, BERRELRINMEKEREZCRERMENSALETHIENT

EFY,
SENSE(-)
Rocp
GND

The limit value by the resistance attached to the
following tables is shown.
UTORICEYT T PERBICLDFIREERLES

. Overcurrent protection circuit
Resistor(KQ) i
Operation start current value (%)
10.000 15
15.400 30
23.700 45
36.500 60
54.900 75
84.500 90
130.000 100
OPEN 125

Safety Requirements

The FPKD48*6R016*A power module 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.
FPLD48*6R016+AIXIEC60950EHLTA J1-tH N EREHEZ S TL
FT, Fz. AN-HAREIK1500Vdec D EEHFLTHY . HFIEHRE
1OMQELEBYET,

Note that the power module is not internally fused: to
meet safety requirements, a fast acting in-line fuse
with a maximum rating of 6.3A must be used in the
positive input line.
ZOIRT—ED21—)LIZRBICL1-AEZH > TLERADT. RER
BISEESE 510I1E. AHF1vD7FAEICERE TRAE#6.3A
DE1-RFEHRL TS,
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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. Figures showing data plots and
waveforms are presented in the following pages.
SONRT—ED1—VIERET L -T17  E  BARK. R4-+797
B RUYwMIVEDEME, 7 b MR BMERERLREEST.
SESFLEERETHEYATONES . 74 RURBORIELUE
DNV [ZBBENTVET,

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.

BERE. RUBBHBERRICTILHI. ETHORE. RUME
T -AIFER SN ISR ETER - S/ —EDa— LEEEMFIFL
TE/LTWET  REFFEF —N EFOKF R O BRI EREHENIZE
BYHLT.RERE. RUREBEZREICEEBLTVET.

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.

BEEETEA M 1L /EE0.060"(1.6mm)EDA4EPCBTHERL TLET . &
E2BOHEIT/NT—ED 21— IILEEETH-HONYN EFBERA
DNI-yDHITBELTVET , REI2E X70umDIAETE S, B
YIN AV ERBLTOET, COLSICRBOMRBEERYA<DAELL
TR SIS N X, /ST —ES 12— LI DSPCBAD B D 3% 7% HIR
L. T=-AM-2ATHYLBALFEOEVEEFMEHERBELTLE
£l

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

http://www.fdk.com
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measurements. (See Fig. E & Fig. F)

FDK#A)Y 10 B FREREE (LK FE AR DB E50LFM(B Axt e
RS . NC)OMS600LFMETHEZICHIEHTE | REFEREIL30°CH585°C
EHRETEET BREATICIEFMRIRY - 5L BEREHERAL
TWEY, (KE, RUKFSER)

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.
Optimum locations for placement of thermocouples
are indicated in Fig. G.
NI)—ED1—LOEREEZEROFERARETAETSLE2H8HL
FTHICEFALOAFASBRET L -TI DRKREISENMES
BIENBETT REREICIRIMEY T 77/ RITBEREHE
W ET, REMEHERT S8, ROYIFITHEIEEHT
HEREBEEDLECT D10 AWGAOD R BN EHELF T, 2T
XM TOREICHRBELERIIEGITRLEY

Fig. F: Test Chamber
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Thermal Derating

Fig-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 power module was mounted horizontally,
and the airflow was parallel to the short axis of the
power module, going from pin 1 to pin 3.
H-13HEIRBERELABEOERTICETEIRRENERERLE
¥, IRIEE B (LA 2 100LFM~ 500LFM D £ 4 T30°C ~85°C D EI & &
BSETWET RT—EDa—)LIFKFISHEL. BREE/T—E
CA—LOBEFARICETTIE YN SIEVIZAITTRVNTNET,

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

(ii) The current rating of the power module (16A)

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.
ERDAREHTRAENERDEITITROLEBYERLET.

M) WEFhhDEBRDEBEMN125°CHOEEL-BEEADHNEFRIE.
X&

(i) IST—FEZ2—IILOATHERETR (16A)

BETA-TUYOEERATHESE S0, SREEIX125°CER
ABENESICTEEESV, o T BEBERICRKGISRTED
BEXDBEM125CERBRLEKSICLTIZELY,

Thermocouples

Fig. G: Location of thermocouples for thermal testing

http://www.fdk.com
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Efficiency

Fig-2 shows efficiency vs. load current at an ambient
temperature of 25°C, airflow of 400 LFM (2.0 m/s)
with horizontal mounting and input voltages of 36V,
48V and 60V.

E-2(3 IR R E25°C, EE400LFM (20m/s). KFERE A HERE
36V. 48V, RUGOVEFIZH T2 AR ERENEDIIINTT,

Power dissipation

Fig-3 shows power dissipation vs. load current at an
ambient temperature of 25°C, airflow of 400 LFM (2.0
m/s) with horizontal mounting and input voltages of
36V, 48V and 60V.

H-3IXBERE25°C. BLE400LFM (2.0m/s). KFEEZE A HEFE
36V, 48V, RUGOVEFICHIT AR EREENEED I IWITT,

Start-up

Fig-4 and Fig-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.
RARAFEER AR TON/OFFL VIZRBEBFFIZDULNT, SHEIVT Y
FHEYELELOE ABELS LAY KKBER-4, RUBE-5TRLET

Ripple and Noise

Fig-7 shows the output voltage ripple waveform,
measured at full rated load current with a 220uF
electrolytic capacitor and 47uF of ceramic capacitor
across the output. Note that the output voltage
waveform is measured across a 1uF ceramic
capacitor.

B-7$ R A BRI TH A FRIZ2200F DERRILT VY E4TUFDEFI)3
VTV ER TR TRAIELE DI VEERBERLET . HAE
[ERBETUFD LIV E R} T TRAELTLET,

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

AN MEE-8ITRT BRI EFE>THRALTVET . A
HREYT WiERIER-9, RUE-101RLET,
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J
/
WL

Output Current[Al]
[oe]

6 —&— 600LFM
——500LFM
4 —a— 400LFM
—#— 300LFM
200LFM
2 —e— 100LFM
—+—50LFM
0 [
30.0 40.0 50.0 60.0 70.0 80.0
Ambient Temp[DegC]
Fig-1: Available load current vs. ambient temperature
and airflow rates for Vin=48V. Maximum component
temperature =125°C
100 T T T T T T 1 14 T T T T T 1 1
1 1 1 1 1 1 I 1 1 1 1 I I
95 [--b--bocbooboodoodoodoo 12 fembeedee e b b i
90 f--Fo-romro—tomdema . R N S R S
—_— 1
R 7~ ShL R R R R § o lob i A
5 = I
c 80 [-- o
2 R R R T i R
£ 75 |- S
L] o 4 [oobem
A /A 2 N Vin=48V
65 F-fHr--r--v--s Vin=60V |- | & 2 f-pmmittamm Vin=60V ||
1 1 1 1 T T T 1 1 1 1 T T T
60 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Output Current [A] Output Current [A]
Fig-2: Efficiency vs. load current and input voltage Fig-3: Power dissipation vs. load current and input
for converter mounted horizontally with airflow from voltage for converter mounted horizontally with
pin 1 to pin 3 at a rate of 400LFM (2.0m/s) and airflow from pin 1 to pin 3 at a rate of 400LFM
Ta=25°C. (2.0m/s) and Ta=25°C.
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Tek Prevu | {3 _

- «
3 :
ol

""""" N Goms A Chi 7310V
ch3 5.00V
i9[20.00 %
Fig-4: Turn-on transient at full rated load current
(resistive) with 47uF ceramic capacitor at Vin=48V,
triggered via ON/OFF pin. Top trace: ON/OFF signal
(5V/div). Bottom trace: output voltage (2V/div). Time

scale: 2ms/div

lokefl |

L

chi soomva | M 200us A Ch3 S 15.2A
WE 5.00AQ
W[30.40 %

Fig-6: Output voltage response to load current
step-change (12A-16A-12A) at Vin=48V. Top trace:
Output voltage (500mV/div). Bottom trace: load
current (5A/div). Current slew rate: 5A/us. Co=47uF
ceramic and 220uF OS-CON. Time scale: 200us/div

http://www.fdk.com
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Tek Prevu | | E— —
- : v ! ! ! :
Y
Chil 2.00V | ™M4.00ms A Ch3 S 2.50V
@® s.oov |

Fig-5: Turn-on transient at full rated load current
(resistive) plus 21000uF at Vin=48V, triggered via
ON/OFF pin. Top trace: ON/OFF signal (5V/div).
Bottom trace: output voltage (2V/div). Time scale:
2ms/div

L 3 7 R . e

U

10.0mVie

M1.00us A Chi s 7.80mV

0[10.00 %

Fig-7: Output voltage ripple (10mV/div) at full rated
load current into a resistive load with Co=220uF
electrolytic capacitor and 47uF ceramic and
Vin=48V. Time scale: 1us/div
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Is Ic

—_—

10uH
+
V'"C_'—)1 00uF—[ 33uF—L

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

lQl_sT"_?‘._IJ'___ I — 5 if |

-]
Y ;%
F

MT00ps A Chi 7 220pA : . M1.00ps| Al Ch3 S 70.0mA
EE 1.00mAG | EE 100mAG

11[20.00 %

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

11[20.00 %

Fig-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.
Tek ik | [ 1| — ]
7 r T T T
1 1 1 1 u .
1 1 1 1
6 ] I ] SrT T : . . . . : . . . . .
=N S R R R S S S (N S E
= I I - I : : : ' : 1 : : : :
=4 F---- Fo---r-of-r-———r - S : . S : : :
=] 1 1 1 1 |
AL N Ll ___1__ o E
5 i =l 1 1
= 1 1 1 1
592 ~-—-- T T SR TR
0 ) !

0
0

5

10

15

in=48V |4 - — |

1 1

20

Output Current [A]

Fig-11: Output voltage vs. load current showing
current limit point and converter shutdown point.
(Vin = 48V)
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S
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Ch3[ 25.0 A Q |
Ref 11| 25.0 A 20.0ms i#(30.00 %

Fig-12: Load current (top trace, 25A/div, 20ms/div)

into a 10mQ short circuit during restart, at Vin =

48V. Bottom trace (25A/div, 1ms/div) is an
expansion of the top trace.
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Digital Interface Descriptions

This specification applies to a Power Management
Bus (PMBus) for use in KD Series, which is
equipped with a digital PMBus interface to allow
device to be configured and communicate with
system controllers and supports both the
Standard-mode (100 kbit/s) and Fast-mode (400
kbit/s) bus timing requirements.
AEHRIFKDVY—XABREE/SAR(PMBus)IZEHLET . ZOT
INARIEPMBusZHA DI EITE>T VAT LEBBIEDHER A
T—AERXMETHENEE T NREEDREIV A —FE—F
(100kbits)& 77 AME—R(400kbit/s) DEREFHR—LLET,

The KD Series shall stretch the clock, as long as it
does not exceed the maximum clock LO period of
35ms.
KD —X (& & K35msecDIGEZEBBLELRY ., YOy Ry
FLET,

The KD Series supports a subset of the commands
in the PMBus 1.2 specification. Most all of the
controller parameters can be programmed using the
PMBus and stored as defaults for later use. All
commands that require data input or output use the
linear format. The exponent of the data words is
fixed at a reasonable value for the command and
altering the exponent is not supported. Direct format
data input or output is not supported by the KD
Series.The supported commands are described in
greater detail below.

KDL —XIE, PMBus 120 TIXUR DI G HR—I &
LET, [FEAEDIAVIA—F— /85 4A—F—([EF R TPMBusEf#
ALTIRTSLL. ZDTRTE, TIAILELTEDOI=HIZHEHHR
THIENTEET . TRANFRENEERTHITATOIT
VRIEYZT I+ =y EERALET . T2 T —FOEHEBEIY
VROFOICHEEMBISROBNES  Ff= IREHBOEEFHR—+
LTWEBA A ALIRTA— Y- T—R2ANHBUNEH HIEKD
D)= TClIEYR—LTVER A, HR—RLTWSITU RO
IFTRICEHELET,

The KD Series contains non-volatile memory that is
used to store configuration settings and scale
factors. The settings programmed into the device
are not automatically saved into this non-volatile
memory though. The STORE_USER_ALL
command must be used to commit the current
settings to non-volatile memory as device
defaults.The settings that are capable of being
stored in non-volatile memory are noted in their
detailed descriptions.

KDV =X, BED T4 T BELVR T —ILRRERNT 51
DITERSNDTIERUAEIEEATHET  LOLAESL, EE
ATATSLENEYTAUT 1 COTEREATY~BERIC
BRESNFRA BEETIAI ML TFERMEATIADORED
YTV I ETOT 5 LT B1-HIZIESTORE USER ALLOT U R%E
FEALZTNIFRYER A, TEEEATICHERMSN LN TE
By TAV T RN DEMUERBRTRINET,

http://www.fdk.com
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The KD Series also supports the SMBALERT
response protocol. The SMBALERT response
protocol is a mechanism through which the KD
Series can alert the PMBus master that it has an
active status or alarm condition via pulling the
SMBALERT pin to an active low. The master
processes this condition and simultaneously
accesses all slaves on the PMBus through the Alert
Response Address. Only the slave(s) that caused
the alert acknowledges this request. The master
performs a modified receive byte operation.. At this
point, the master can use the PMBus status
commands to query the slave that caused the alert.
Note: KD series will not be able to respond to more
than one address at any time. Therefore, you might
ALERT of multiple slaves is active if the ARA does
not respond correctly. In this case, use a variety of
READ_STATUS command to the master system,
use the PMBUS address that is programmed to
assert the cause of SMBALERT, please cope with
to communicate with the slave KD series.

KD —X[£E5IZSMBALERTL ARV R - FALaLEYR—RLE
9, SMBALERTL R7R> R - FO k3L (&, SMBALERTE > ASLOWL
RNIVIZIEZMESHZES T ENABEERELNT S5 —LIKEAKD
D) —ZXMPMBusYRA—ICHILE BT EMTEDAN=ZALTYT, C
DEHOBHIRE—TOER(E, TATOPMBus LD —T (¢
L75—h LRAKRUR-TRLREBLTRBICT I ERSNET B
EHEFBILEAL—TOH)ITRAMNERLES , (£, TREZ—(LBE
DZENMREETEVET, CORIUITIE, RRE—IF. BE
ZSIEFRILEAL—TIZBVELE T H1=HITPMBus R T—4 R+
aAUREHERATAIENTEES,

=

KD —RIFEAREZIZHL—DDTRLRICLABETEZIENT
EFER A, ZTDH . ARADELIGELLEVWEE FEHDRAL—T
DALERTAT VT4 TS TWBHENHYET . COJFE. IR
B—DRTLMN, TAYTSLENT=PMBUSTFL XEEAL.
SMBALERTD R R % Wi £ 9 57-8 "4k < ZAREAD_STATUSOT UK
ZEALT, AL—TKDLYY—REBIELR DL TS,

The CLEAR_FAULTS command will retire the
active SMBALERT. When the KD series module is
used in systems that do support ARA, Bit 4 of the
MFR_ALERT_ARA_CONFIG command can be
used to reconfigure the module to utilize ARA. The
KD series does not contain capability to arbitrate
data bus contention caused by multiple modules
responding to the modified received byte operation.
Therefore, when the ARA is used in a multiple
module PMBus application, it is necessary to have
the KD series module at the lowest programmed
address in order for the host to properly determine
all modules’ address that are associated with an
active SMBAlert. Please contact your FDK sales
representative for further assistance, and for more
information on the SMBus alert response protocol,
see the System Management Bus (SMBus)
specification.
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CLEAR FAULTSaV YR, 79T 4715 SMBALERTZ# IR LE T,
KDV —XED 21— LIZFARAZHR—FL T RTLATHEREINDE
& . MFRALERT_ARA_CONFIGOY > RDEYr4IE. ARAZFIAT S
EPa—LNEBRETIOIFERTEIIENTEET  KDV)—X
I BRESN=ZELENMMREICHRELT. BHDED2—ILIC
KBT—HANRDBRAEERETIHENEENTLELEA. ARA
X EHDES1—ILPMBusD 7 T —arTERASNDEE. 7
9T 4T1SMBALERTIZHEU DW= RTODES1— LD FRLR%E
REFTDHRALDIHIZIE, ZRBEWNTOT S LS IZTELRADKD
V)—RED2—LVERTIIENBETT , SOLLEMIDT=
IZI&. FDKOE £ B LFIERKL T, SMBusD 7 S5—hiGE IOk
. DRT LEB/NR (SMBus) {HHEAFSELTZSLY,

Addressing and Grouping

KD series can be addressed through the PMBus
using an address. The device has 64 possible
addresses (0 to 63 in decimal), which can be set
using resistors connected from the ADDRO and
ADDR1 pins to ground. The address is set in the
form of two octal digits, with each address pin
setting one digit. The ADDR1 pin sets the high order
digit and ADDRO sets the low order digit as shown
in the following figure.

KD SJ—XIZF7RLREFRTHIEIZELY PMBus #ALTT7IERT
BHTENHEFET  ADDRO L ADDRI DEVIZIERENLTISIUR
IS T DL TBH0-6DTRLREEEICHETEFET . 7TFLR
DREF27IO8ERICLYRESNET A, FRIOEYIC
ADDR1 [F Efi#fi T ADDRO [ETFHRIHTDEHRELL THERSATLE
D

P PSMI DEVICE ADDRESS

»l
Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit2 Bit 1 ’I Bit 0

0 AH2 | AHI | AHO | AL2 [ AL1 | ALO -
SETS BY ADDRI SETS BY ADDRO

The addresses 0 to 8, 12, 40 and 55 in decimal are
reserved according to the SMBus specifications and
may not be usable. The resister values suggested
for each digit are shown in following table. The
device accepts the SMBus alert response address
(12) only when the device needs to talk to the
system controller.

101£%40-8 , 12, 40 , 55 OTKFL R{EIFSMBusD#RIEEICLYE
ARATHE=HVF—TITLTVET ERELREEOBERZKIE
RORTRLET . TAAREVRTLEBALEE T IRENE
LI BISDHSMBusERBH T FLR1QEZIFFITET,

SET value Resistor value (kQ2)
0 10.0
1 154
2 23.7
3 36.5
4 549
5 84.5
6 130.0
7 200.0

http://www.fdk.com
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ADDR1

ADDRO

Raddr0 Raddr1

GND

Fig. H. Circuit showing connection of resistors used to set
the PMBus address of the module.

Memory Model

KD series shall be operated from values, which are
stored in a volatile memory. This volatile memory
describes the operation of the device, is called the
operating memory. When auxiliary power is applied
and the device control circuitry starts operating, the
operating memory is loaded from the following
places.
KDV —XIFEHRMEATY ICREBSNEICH > TEELLET NI
WHEE A COBREMEATVICT NI RO EERRL TSI L
TEEAEYEFATOVET  MEIBEALSEBEIN, T/ 31 XD HIH
EERNEBLIBO 5. BIEATYIETICRBINTLDIEFAM DS
T—REZRAALEITRYET,

= Values hard coded into the design.

= Values programmed from hardware pins.

= A non-volatile memory called the default
store.
A non-volatile memory called the user store.
Communications from the PMBus.
N—REEHTIEDHONT-{E
N—RIHFENSTOT S LENT-fE
TIAIERETEVWSIHBREATY
A—H- AT EWSTFBFHEAT
PMBus &1
The relationships between the operating memory
and each of the sources for loading the operating
memory are illustrated in the following figure.
TRICEHEAE) ETNOEEY—REDBERISDOVTRLET,

@ HARD CODED
PARAMETERS
@ PIN PROGRAMMED
(— VALUES
Restore Default
OPERATING MEMORY ™ DEFAULT STORE

(Volatile) (Non-Volatile)
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: Restore User
USER STORE

Store User > (Non-Volatile)

®

P PMBus COMMUNICATION

Fig. I. Conceptual View of Possible PMBus Device Memory
and Communication
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Data Formats

Except for the output voltage, device generally
receives and report data in two formats Linear and
Direct. Device using the Linear Data Format
receives and transmits values as volts, amperes,
milliseconds or degrees Celsius. Device using the
Direct Data Format receives and transmits data as
two bytes two’s complement binary integer. But KD
series does not support of Direct format. Any
parameters that do not use either of these formats
have their data formats described explicitly in the
section describing the command that receives or
transmits that parameter.

HABRELUSMZ TAALRILEE ., Y=T/FALILD2IBOT—
AIF—IYEFERALET , TN RIEY =T I+—<vrERILNT
VETE) AU FE KT EREMOT—2ELLTOYRYICER
SN FALIRTA—T IR E2DFBH(FERE) D2/ (P2 EEH
ELTHEALET . BL. KD D) —X[EF AL IRT+—TvbDY
R—MILTHEYERA, SN DD T+ —IYMIEWNT+—T vk
[ZDWTIE, ERIESNDNRTA—E—OBEBELHANEEELY
LAVITRENTVET,

Linear Data Format

The Linear Data Format is typically used for
commanding and reporting the following
parameters:
U7 T—374—IYMIBETR/TA—2— (BT S ERERE
BFICEERALES,
= Qutput Current
= Input Voltage
= Input Current
= Operating Temperatures
= Time Durations
HAER
AHREE
ANER
BIERE
BFfE 53

The Linear Data Format is a sixteen bits value with
an eleven bits two’s complement mantissa and a
five bits two’s complement exponent. The format of
the two bytes is illustrated in following figure.

=7 T—RI7+— v ERIIZ5bitD 2D H D 15 E EB(exponent)
ETHLIZT1bit D 2D 4 D IR F B (mantissa) D5t 16bitANDAEY . D
BERIERORDBYIZHYFET

HIGHBYTE LOWBYTE

Data Sheet

X = RBREHELF(VACHE)DNGA—E—ETH S,
Y = 20O (FEME) 1MEVREH
N = 20D#HH D (FEHE)5E VR

PMBus Communication

KD series is compatible with SMBus 2.0 (High
Power) specification. It is a two-wire interface, which
is based on the principals of operation of I°’C,
through which various system controllers can
communicate with the device. Following table
describes PMBus timing parameters for high-speed
operation.

KDL 1)—X[&SMBus 2.0(High Powen)ft#k& B EH D218 14
TI—RTHY. PCER—RELI-BREEHR D EITEST, T30
RFEBDVRTLEBALOBENAEETT  RIZHIRITEE
WEPMBusDRAIU T INTA—R—TY,

LIMITS
SYMBOL PARAMETER UNITS
MIN MAX

Frump PMBus operating frequency 10 400 kHz
Tgur Bus free time between start and stop condition 13 — us
T Hold time after (repeated) start condition. 06 o us

HD:STA After this period, the first clock is generated ) i
Tsu.sta Repeated start condition setup time 0.6 — us
Tsusto Stop condition setup time 0.6 — us
Thp.pTA Data hold time 300 — ns
Tsu.pTa Data setup time 100 — ns
TriveouTe1) Clock low time-out 25 35 ms
Trow Clock low period 1.3 — ms
Thicuez2) Clock high period 0.6 — us
TLow:SEXT Cumulative clock low extended time (device) — 25 ms
T Cumulative clock low extended time o 10 ms

LOW:MEXT (system controller)
Tk Clock or data fall time 20 300 ns
Tk Clock or data rise time 20 300 ns

»

A

ple
»le
0l

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit

Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bitl Bit0|

10|9|8|7|6|5|4|3|2|1|0

re
e

|
N|

EXPONENT (N) [ MANTISSA (Y)

X, is the parametric value in the appropriate units
(V, A, °C, etc.).

Y, is an eleven bits two’s complement integer.

N, is a five bits two’s complement integer.

http://www.fdk.com
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Note 1: A device participating in a transfer will timeout if any clock
low period exceeds 25ms and will reset the communication no
later than 35ms.

Note 2: Maximum value provides a simple guaranteed method for
devices to detect bus idle conditions.
FE1TBEELTOATAARIGEEFRIC, 70905 L OEE%25ms
BiBTHEFLLTIREL, IBmsIZESRTIEEE) YMLET,
E2:MAXTEIX T RARIZNRDTARILKEEHEEHL T LD DR
SN ARERMBLES,

Trow Twen,| | Tuppar

Tr‘" [ Tsusto—

CLK

Vi

Vi

Tupsta — [ Tr  Tsupar —

DATA

Vi

v
Vi— 1)
Tour

Fig. J. PMBus Communication Timing Chart
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PMBus Device Commands

PMBus commands are one-byte command codes. A listing of supported PMBus commands for the device, their
hexadecimal command codes and default data values if present are listed in following table.
PMBus®aARURIF1NAFRDIATURTY , COT/NAZAPMBusD HR—han 533U F—E(EFigKIZHYFETH, FR—tL TV DITUR
A—F(16ERT) ETIHINT—HEZHETLET,

CMD DATA DATA

PMBus CMD CODE BYTES DATA FORMAT UNITS TRANSFER TYPE DEFAULT VALUE
OPERATION 0lh 1 Bit Field N/A R/W Byte 80h
ON_OFF_CONFIG 02h 1 Bit Field N/A R/W Byte LT ONOEE T oW AcT
CLEAR_FAULTS 03h N/A N/A N/A Send Byte None
WRITE_PROTECT 10h 1 Bit Field N/A R/W Byte 00h
RESTORE_DEFAULT_ALL 12h N/A N/A N/A Send Byte None
STORE_USER_ALL 15h N/A N/A N/A Send Byte None
RESTORE_USER_ALL 16h N/A N/A N/A Send Byte None
VOUT_MODE 20h 1 Bit Field N/A R/W Byte 16h
VOUT_COMMAND 21h 2 VOUT Linear \ R/W Word 1800h(6.0V)
VOUT_TRIM 22h 2 VOUT Linear \ R/W Word 0000h(0V)
VOUT_MAX 24h 2 VOUT Linear v R/W Word 2067h(8.1V)
VOUT_MARGIN_HIGH 25h 2 VOUT Linear v R/W Word 1933h(6.3V)
VOUT_MARGIN_LOW 26h 2 VOUT Linear v R/W Word 16CDh(5.7V)
VOUT_DROOP 28h 2 VOUT Linear mV/A R/W Word 0000h(0mV/A)
VIN_ON 35h 2 VIN Linear \% R/W Word E914h(34.5V)
VIN_OFF 36h 2 VIN Linear \% R/W Word E904h(32.5V)
VOUT_OV_FAULT_LIMIT 40h 2 VOUT Linear \% R/W Word 1F34h(7.8V)
VOUT_OV_FAULT_RESPONSE 41h 1 Bit Field N/A R/W Byte B8h
VOUT_OV_WARN_LIMIT 42h 2 VOUT Linear v R/W Word 1EOONh(7.5V)
VOUT_UV_WARN_LIMIT 43h 2 VOUT Linear v R/W Word 0ACDW(2.7V)
VOUT_UV_FAULT_LIMIT 44h 2 VOUT Linear v R/W Word 099Ah(2.4V)
VOUT_UV_FAULT_RESPONSE 45h 1 Bit Field N/A R/W Byte B8h
IOUT_OC_FAULT_LIMIT 46h 2 IOUT Linear A R/W Word E8AOh(20A)
IOUT_OC_FAULT_RESPONSE 47h 1 Bit Field N/A R/W Byte F8h
IOUT_OC_WARN_LIMIT 4Ah 2 IOUT Linear A R/W Word E886h(16.8A)
OT_FAULT_LIMIT 4Fh 2 TEMP Linear °C R/W Word F1F4h(125deg)
OT_FAULT_RESPONSE 50h 1 Bit Field N/A R/W Byte F8h
OT_WARN_LIMIT 51h 2 TEMP Linear °C R/W Word F1CCh(115deg)
VIN_OV_FAULT_LIMIT 55h 2 VIN Linear v R/W Word EB38h(103V)
VIN_OV_FAULT_RESPONSE 56h 1 Bit Field N/A Read Byte F8h
VIN_OV_WARN_LIMIT 57h 2 VIN Linear v R/W Word EA10h(66V)
VIN_UV_WARN_LIMIT 58h 2 VIN Linear v R/W Word E90Ch(33.5V)
POWER_GOOD_ON SEh 2 VOUT Linear v R/W Word 0ACDhI(2.7V)
POWER_GOOD_OFF 5Fh 2 VOUT Linear \% R/W Word 099Ah(2.4V)
TON_DELAY 60h 2 Time Linear ms R/W Word E850h(10ms)
TON_RISE 61h 2 Time Linear ms R/W Word E878h(15ms)
TOFF_DELAY 64h 2 Time Linear ms R/W Word E800h(0Oms)
TOFF_FALL 65h 2 Time Linear ms R/W Word E878h(15ms)
STATUS_WORD 7% 2 Bit Field N/A Read Word N/A
STATUS_VOUT 7Ah 1 Bit Field N/A Read Byte N/A
STATUS_IOUT 7Bh 1 Bit Field N/A Read Byte N/A
STATUS_INPUT 7Ch 1 Bit Field N/A Read Byte N/A
STATUS_TEMPERATURE 7Dh 1 Bit Field N/A Read Byte N/A
STATUS_CML 7Eh 1 Bit Field N/A Read Byte N/A
READ_VIN 88h 2 VIN Linear \' Read Word N/A
READ_VOUT 8Bh 2 VOUT Linear \' Read Word N/A
READ_IOUT 8Ch 2 IOUT Linear A Read Word N/A
MFR_MODEL 9Ah 14 8 Bit Char N/A R/W Block “FPKD48*6R016*A”
MFR_REVISION 9Bh 2 8 Bit Char N/A R/W Block ok
MFR_ALERT_ARA_CONFIG D3h 1 Bit Field N/A R/W Byte 0th
MFR_PMBUS_ADDRESS_SEEK EOh N/A N/A N/A Send Byte N/A

*ON_OFF_CONFIG—FPKD48*6R016PA:Default value:"1Eh”.
FPKD48*6R016NA:Default value:"1Ch”.

Fig. K. KD series PMBus Command Quick Reference Table
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OPERATION — Command 01h

The OPERATION command is used to turn the device on and off in conjunction with the input from the On/Off
control pin. It also used to set the output voltage to either upper or lower margin voltages. The device stays in the
commanded operating mode until a subsequent OPERATION command or request the device to change to
another mode through On/Off control pin. The contents of the data byte are shown below.

OPERATIONTIZ U RIZ A FIOn/OffflfHIE LV ER B TT INARDFA L AT DB R ETSBRIFERALET . F- . HAEEOLETFTY—DUEEICD
HERALET . KDOOPERATIONIY VR MFEITINDETH . ThEL0n/OffFIHELEN L TRLGDIE—FRICER T IL3BRNTHONEETIZ. T
NARFCOARURERETHRBULRITET . LT 2N\ MEEZTITRLET,

Data Sheet

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 5 | 4 3 | 2 1 | 0
ACCESS RIW RIW RIW R
FIELD NAME ONOFF[1:0] MGNLH[1:0] FSTAT[1:0] RES[1:0]
DEFAULT VALUE 1 | 0 0 | 0 0 | 0 0 | 0

ONOFF[1:0]: T /S f AMD A~ - A T#lfE ( Device On and Off Control)

00 = BRI ELEIATEYE(No sequencing immediate off)

01 = |EF D S7 T EN1E(Soft off with sequencing)

1x = On
MGNLH[1:0: HABET—I2 D/ 4 -0O0—3FE$R (Output Voltage High or Low Margin Selection)

00 = Y—U VR EMBEZE A T (Margin state off)

01 = A—-<—YY (Margin low)

10 = /\/-<—T > (Margin high)

1= BEZERL. —DOBIDEZRTEZRE (gnore and remains in previous selection)
FSTAT[1:0]: HAD/\A-AO—([Z&BEZILEE (Output High or Low Fault Status)

00 =sX EZEHRL. —DOHIDHRTEERIF (Ignore and remains in previous status)

01 = BEZER v —PUREEBNOV—VURTEICLIEEREFICOAER

(Ignore faultbe effective only if the set of Margin(L/H) is on and fault status occurred at respective sides)

10 = [EERFEE (Act on fault)

11 =REFEERL. —DHIDERTEEEIF (gnore and remains in previous status)
RES[1:0]: Reserved = 00

ON_OFF_CONFIG — Command 02h

The ON_OFF_CONFIG command configures the combination of On/Off control pin input and PMBus commands
need to turn the device On and Off. This includes how the device responds when the power is applied. The
details of the ON_OFF_CONFIG data byte are shown below.

ON_OFF_CONFIGAY U RIET /A REF 2 - A TS E BIZIE. ON/OFFHIHE Ik BB D EPMBusAYURIZLHL D EDMEEEEAESE DTy
FTY. &tz THARICEDDRBINTHS DL AR RRDEEHFET , ON.OFF_CONFIGDFEL LT —2/ A EEZ FITRLET

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 | 5 4 3 2 1 0
ACCESS R RIW RIW RIW RIW RIW
FIELD NAME RES[2:0] DOMS SBCM ROFP OFPP OFPA
DEFAULT VALUE o [ o [ o 1 1 1 1/03% 0

RES[2:0]: Reserved = 000
DOMS: T4 /LMEEEE—RIEIR (Default Operating Mode Selection)
0 =T /\A RIFOn/OfffIfHIE L R E ICEH 5T . BIRONER E B & IZHEE)
0 = Device powers up anytime power is present regardless of state of the On/Off control pin
1= TR/ RIZOn/OFFHIFHE > B L IZOPERATIONOR VKD EL S M D O] FE THEE
1 = Device does not power up until commanded by the On/Off control pin or OPERATION command
YT ILINRBIEE—REIR (Serial Bus Communication Mode Selection)
0= TINARIEDYTILINZAMSDOPERATIONIZ & HOn/Off AX U R & &R
0 = Device ignores the On/Off portion of the OPERATION command from serial bus
1= FINARIEDYT IILIAZHSDOPERATIONIZ & Z0n/Off AT RE{E
1 = Device uses the On/Off portion of the OPERATION command from serial bus
ROFP: On/OffIfHIE > A~ D L AR R3ER (Response to On/Off Control Pin State Selection)
0= T /3 R[LOn/OFfFIHIE > % &IHL . OPERATIONO TV RIZ & Z0n/OFfDHHFH
0 = Device ignores the On/Off pin and uses OPERATION command to On/Off the device
1= TIA RI[ZOn/OFFFIFHIE L DS DERTEICLY T/ A RDEENEZ 1
1 = Device uses the assertion of On/Off control pin to start and stop the device
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OFPP: On/OffHI{EIE > M B 14:84R (On/Off Control Pin Polarity Selection)
0=L79747 . DFEYOn/OffflfHIELE L' BET DI LITKY T /NI REREE
0 = Active low; i.e. pull the On/Off control pin low to start the device
1 =H79T47 . DFEYOn/OffIHIELE H BET D EITKYT/NA REHEE]
1 = Active high; i.e. pull the On/Off control pin high to start the device
OFPA: T /3 R{Z L 85 S B D On/ Off il I E > B 4558 3R (On/Off Control Pin Action Selection When Commanding the Device to Turn Off)
0 =BMEDELTALAEILTYRAZIL T ETRI S LR EREMEER
0 = Use the programmed turn off delay and fall time
1= HAODFELEEEIIRETER

1 = Turn off the output as fast as possible
3¢ OFPP—FPKD48*6R016PA:Default value:"1”.
FPKD48*6R016NA:Default value:"0”.

CLEAR_FAULTS - Command 03h

The CLEAR_FAULTS command is used to clear any fault bits that have been set. This command clears all bits in
all status registers and also clears SMBALERT# signal simultaneously. This command is write only and there are
no data bytes accompanied with this command.

CLEAR FAULTSAVURIFSRESN -2 THOREBEEYMNIHLT—FICVUT7ITIBIERLETS . COARVREETORAT—A2RAALYREE
SMBALERTHEBZ—FICVUTLET, . COATUKREERAFDAHEMT. COATURITET—EN\IMMEIHYEE A,

WRITE_PROTECT - Command 10h

The WRITE_PROTECT command is used to control writing or setting data to the device. The intent of this
command is to provide protection against accidental parameter changes. The details of the WRITE_PROTECT
data byte are shown below.

WRITE_PROTECT AV RETNARICTF—ADERAHOEKET SHIERALET . COAVUFDBEMIERS>TITA— -2 EFTINDDERE
T 5=HRMENTVET , WRITE PROTECT DFELWLT—2N\AFETIZRLET,

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 6 5 4 3 2 1 0
ACCESS RIW R/W RIW R R R R R
FIELD NAME WRPRT[2:0] RES[4:0]
DEFAULT VALUE 0 | 0 | 0 0 | 0 | 0 | 0 | 0

WRPRT[2:0]: Z:AH{RERERK (Write Protect Configuration)
000 = £THIATURIZEZAHER (Enable writs to all commands)
001 = WRITE_PROTECT, OPERATION, ON_OFF_CONFIG & VOUT_COMMAND OV R LUSMZEAHES
001 = Disable all writes except to the WRITE_PROTECT, OPERATION, ON_OFF_CONFIG and VOUT_COMMAND commands
010 = WRITE_PROTECT & OPERATION < RLASMZEAHES
010 = Disable all writes except to the WRITE_PROTECT and OPERATION commands
011 = Reserved
100 = WRITE_PROTECTAV U R LISHMZEIAHER
100 = Disable all writes except to the WRITE_.PROTECT command
101 = Reserved
110 = Reserved
111 = Reserved
RES[4:0]: Reserved = 00000

RESTORE_DEFAULT_ALL — Command 12h

The RESTORE_DEFAULT_ALL command is used to instruct the device to copy the entire contents of the
non-volatile default store memory to the matching locations in the operating memory. It is permitted to use this
command while the device is operating. This command is write only and there are no data bytes accompanied
with this command.

RESTORE DEFAULT ALLARVRZT /NS RIZETOHERMET THILMAEIORNBEHEMERISL TSR —2ar AR (2IE—F 5L
R BAVURTHY . TRARDBBBL TN S LEZDAEALNFENET , COARUFEERADAHAEN T, COATURITFE T2/ I HY
FEA.
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STORE_USER_ALL - Command 15h

The STORE_USER_ALL command instructs the PMBus device to copy the entire contents of the Operating
Memory to the matching locations in the non-volatile User Store memory. Any items in Operating Memory that do
not have matching locations in the User Store are ignored. It is permitted to use this command while the device is
operating. This command is write only and there are no data bytes accompanied with this command.

STORE_USER ALLARURIE, HERMED I —HF AT AEYRITARL—2a AR DERNBEEIE—F H5IAYURTHY . PMbus T/ A R[THERS
hET, A—F—ZALTOBFAE—BLTOEVARL—TFTAV Y AE)AOEEDEE FERINET ., COITUFEERAADHEHT. 2O
TURIZETF—ENAMEHYER A

RESTORE_USER_ALL — Command 16h

The RESTORE_USER_ALL command instructs the PMBus device to copy the entire contents of the non-volatile
User Store memory to the matching locations in the Operating Memory. The values in the Operating Memory are
overwritten by the value retrieved from the User Store. Any items in User Store that do not have matching
locations in the Operating Memory are ignored. This command is write only and there are no data bytes
accompanied with this command.

RESTORE_ USER ALLARURIE, A RL—F AV T ARYICHEBRED I —F — AT DERNEEIE—T 5IYURTHY . PMbusT /31 RIZHERE
NET ARL—FAVTOHEME—BLTVWVEN LI X7 HOEEDER FERINFET, COATUREERADHEM T, COATUFR
I2IET—2\AMEHBYEE A,

VOUT_MODE - Command 20h

The data byte for the VOUT_MODE command consists of three bits Mode and five bits Parameter as shown in
the following figure. The three bits Mode sets which data format Linear, Direct or VID the device uses for the
output voltage related commands. The five bits Parameter provides more information about the selected mode.
VOUT MODEaRUKRIFTFOREMDEYIZZEVRDE—RESE YD /INTA—E—NEHEET R/ TT, BEVFDE—REEIFTT—2T74+—<T vk
FY=T, FALIFELEVIDEL ST HBEREZBEL TSI URTHY, BEVPD/SSA—E—ILBIREN - E—FDELHEHREL TIRHL
TWET,

|‘ VOUT_MODE DATA BYTE o
|‘ Bit7 Bit6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit0 g
le ble »l
|~ MODE b PARAMETER |
COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 | 5 4 | 3 | 2 | 1 | 0
ACCESS RIW RIW
FIELD NAME MODE[2:0] PARAM[4:0]
DEFAULT VALUE 0 | 0 | 0 1 | 0 | 1 | 1 | 0

MODE[2:0]: X HEFEDT—R I+ —< v ZBEEF 537 K( Data Format for the Output Voltage Related Commands)
000 = Y=F7F—AT+—< vk (Linear data format)
001 = VIDT—427#4—<vhk (VID data format):A&/\T—FL 21— L TIEHR—r4 (not supported)
010 = ALY F—BT4+—< vk (Direct data format): &/\J—F 1—)L TlEHR—Fshnot supported)
011 = Reserved
100 = Reserved
101 = Reserved
110 = Reserved
111 = Reserved
PARAM[4:0]: /\TA—A—{E (Parameter Value)
= T=R7+—<vrE) =7 ThHNIE. BEVED2DFHEDIEH (Five bit two' s complement exponent if the data format is linear)
= T4+ —3IYMIVIDTHNIE, 5E Y DVIDI—FR A F(Five bit VID code identifier if the data format is VID)
ARNT—FED 21— )L TIEHHR—F (ot supported)
= T—=H7+—TyMIF AL I THNIEL, EIZ00000(=t v (Always set to 00000 if data format is direct)
AN —FED 21— )L TIEHHR—F (not supported)
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Linear Data Format

The data bytes for the VOUT_MODE and for the output voltage related commands when using linear output
voltage data format are shown below. The VOUT_MODE command is sent separately for the output voltage
related commands and only when the output voltage related command’s data format changes.

VOUT MODEDT—4/3fr& HABEEMEATURNY=TFHABEDT—H74+—IVrEERTEIHE. T2 7+—IYMET D LSITREN
%9, VOUT MODEI YU R IFHE ABEEEITUREILR] 2 TEE SN FET A VOUT MODED IR [FHH ABEBEEITURDT—2T4—TyhA
EESNIBIZOATHhIET,

|‘ VOUT_MODE DATA BYTE FOR LINEAR DATA FORMAT g
»

-
| Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bitl Bit0
< ale a
Lt Ll
MODE = 000 | EXPONENT (N) [
DATA WORD FOR THE OUTPUT VOLTAGE RELATED COMMANDS
4 L
HIGH BYTE LOW BYTE
.l dl |-
- Lt Ll
Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bitl Bit0O | Bit7  Bit6  Bit5  Bit4  Bitd  Bit2  Bitl Bit0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

l¢ |
- Ll
[ MANTISSA (V) [

Voltage = V o 2"
V is a sixteen bits unsigned or two’'s complement binary integer and N is five bits two’s complement binary

integer.
VIZ16EVFFEEL. BELLII20HHD2EER THY NIFSE VLD 20DHH D2 EEKIETT,

VOUT_COMMAND - Command 21h

The VOUT_COMMAND command is used to set device’s output voltage to the commanded value. This
command writes or reads two data bytes to and from the device. The linear data format of the output voltage is

previously described.
VOUT COMMANDI[ET/AA RDH N EEEEZZDATURREEDBYICLEWEICERINET , T/AAIREDBETIX2/M M DEAHEFH
LAHEFT  HABED) =7 F—27+—YMIDWTIEHNZEHBALTLSEYTT,

COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER B5]14[13[12]11]10]9[8]7]6[5][4]3]2]1]o
ACCESS RIW
FIELD NAME VOUT[15:0]

DEFAULT VALUE oJoJoJ1[]1]JoJoJ]oJ]oJoJoJoJoJoJo]Jo

VOUT[15:0]: Output Voltage = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
HABRE = VOUT MODEaYURIZTEHRESNIZVOUTY=T7T—2T74+—<YMIGLTHE

VOUT_TRIM — Command 22h

The VOUT_TRIM command is used to apply a fixed offset voltage to the output voltage. It is most typically used
by the end user to trim the output voltage. This command has two data bytes formatted as two’s complement
binary integer.

VOUT_ TRIMIRURIEHE ABEDEEA 7y MEZBIS S E B ICHERAINETS . BREFFEAEIVFA—PRE N EELRET HHIHERS
NET, COATURL2OBEHD2EER D2 AT+ —T VTS,
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COMMAND FORMAT Sixteen Bits Two’'s Complement
BIT NUMBER 5[14]13[12]11]10]o9]8]7]e6]5s5]4]3][2]1]o0
ACCESS RIW
FIELD NAME VOTRIM[15:0]

DEFAULT VALUE o J]oJoJoJ]o]oJoJ]o]J]oJ]oJo]J]o[oJo]o]o

VOTRIM[15:0]: Output Trim Voltage = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
H A FEAEEE= VOUT MODEaZ U RICTEESINVOUTY =7 T—2 74— vMMIGLTHE L
1 be invalid with this command when VOUT_COMMAND is other than the default value.
This command stay will be piggybacked to this value if you vary the voltage in the external TRIM (H / W TRIM).
VOUT_COMMANDMF T4 ILMEUSN D EFZIF U7 R I EHELET
SMERTRIM(H/W TRIM)TEEZ A ESEHBEIXCOEICLIT RSN ERESHET,

VOUT_MAX - Command 24h

The VOUT_MAX command sets an upper limit of the output voltage to provide safeguard against a user
accidentally setting the output voltage to a possibly destructive level rather than primary output overprotection.
The device must be able to detect that an attempt has been made to set the output voltage greater than a value
set by the VOUT_MAX command. This will cause to issue a warning condition not a fault condition and the
device will respond as follows:
VOUT MAX X RIEFHABEED LREDHE T, HABEEBRELVSLYITE LA I B>TT N\ REHB AR MBI E LB
DB EEEELTRITENTVET , T/AARIE VOUT MAX DR EBERBORELHEE T IEELZH>TLETARIVTERA, TOHEICES
RETHCESRENRTIN. THRAAREIROIITEENTHONET

» The commanded output voltage will be set to the value set by the VOUT_MAX command
The NONE OF THE ABOVE (NOTA) bit is set in the STATUS_BYTE register
The VOUT (VOWEF) bit is set in the STATUS_WORD register
The VOUT_MAX (VOMW) warning bit is set in the STATUS_VOUT register
The device notifies the host through SMBALERT
HHEBEEENIRRIEL VOUT MAX aY R DR EBICRYET
STATUS BYTE L2 R4(Z#% NONE OF THE ABOVE (NOTA) EwhEEBELES
STATUS_WORD LY RAZIZ#H % VOUT (VOWF) EVrERELET
STATUS_ VOUT LY R 4128 % VOUT MAX (VOMW)DEEE YR ERELES
RRANMZF /AL R DD SMBALERT ZA L TEMLET

The data bytes are two bytes formatted according to the linear data format described.
T—RNAME2NA DY) =T T—R3TA—TYMIBEYET,

COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER B5]14[13[12]11]10] 9| 8]7[6[5][4]3]2]1]o
ACCESS RIW
FIELD NAME VOMAX[15:0]

DEFAULT VALUE oJo[1]JoJoJoJoJolJo[1]1]ofJo]l1t]1]1

VOMAX[15:0]: Maximum Output Voltage = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
EAHAERE = VOUT MODEITURIZTEHRESNIZVOUTY =7 T—2T+—3 VMG L THEE

VOUT_MARGIN_HIGH - Command 25h

The VOUT_MARGIN_HIGH command loads the device with the voltage to which the output is to be changed
when the OPERATION command is set to “Margin High”. The data bytes are two bytes formatted according to

linear data format.
VOUT_MARGIN_HIGH <> F(ZOPERATIONM “Margin High"Z&ESNTWNAEEIZ, TS ABAIZEBSE-WVEREFRETHEEIZHAS

NET, T—2NAIME2NAMDY =T TR+ —TIMIBYFET,
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COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER 5[14]13[12]11]10]o9]8]7]e6]5s5]4]3][2]1]o0
ACCESS RIW
FIELD NAME VOMH[15:0]

DEFAULT VALUE oJoJoJt1]1]JoJo]l1]ofJo|l1]1]o]o]1]1

VOMH[15:0]: Output Voltage High Margin = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
NAI—UUHAERE = VOUT MODEaR VRIS TEHRESNFVOUTY =7 F—2T74+—< vk IS THEE

VOUT_MARGIN_LOW - Command 26h

The VOUT_MARGIN_LOW command loads the device with the voltage to which the output is to be changed
when the OPERATION command is set to “Margin Low”. The data bytes are two bytes formatted according to
linear data format described.

VOUT_MARGIN_LOW %K (& OPERATION A%“Margin Low &R EINTNBEEIT, TN RHAICEFRSB-VEEEERETHLEICHERS
NET . T—21CME 2 NADUZT F—ET7+—IVMBYETS,

COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER 1514 131211109 [8]7 |6 ][54 ]3[2]1]o0o0
ACCESS RIW
FIELD NAME VOMLI[15:0]

DEFAULT VALUE oJoJoJ1]Jo[1]1]Jol1]1]Jolo[1]1]ol]1

VOML[15:0]: Output Voltage Low Margin = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
O—-7—JUHAEE = VOUT MODEIRURIZTERESNIZVOUTY =7 T—2T7+—3YMIIGLTHEH

VOUT_DROOP - Command 28h

The VOUT_DROOP command sets the output voltage increment or decrement rate in mV/A (mQ) at which
output voltage decreases or increases with decreasing or increasing the output current. This command has two
data bytes formatted in the linear data format described.

VOUT DROOP I RIZHAEROEM-FHAIZLYEM-BDINhtz mV/A (mQBEMOE N EBEEHRET IEICERSNET, T2/ (&
2N DY =T T—RIT+—IMIBYET,

COMMAND FORMAT Sixteen Bits signed
BIT NUMBER B5]14[13][12]11]10]9[8]7]6[5][4]3][2]1]o
ACCESS RIW
FIELD NAME VOD[15:0]

DEFAULT VALUE o JoJoJoJoJoJ]oJ]oJ]o]J]oJ]oJoJoJoJo]Jo

VODI[15:0]: Output Voltage Droop = The value is calculated according to the Linear data format
DrooptE ABE = V=7 T—2T7+—<YrIGLTER

VIN_ON - Command 35h

The VIN_ON command sets the value of the input voltage, in volts, at which the device should start, power
conversion. This command has two data bytes formatted in the linear data format described.
VINONIZURFANBEEDRE TREUIRISTHY, TSRO BAERBIRROREICEREINET, T2/ IMNE 231+ =TT —4
TA—YMNMIGYET,

COMMAND FORMAT Sixteen Bits signed
BIT NUMBER 1514 131211109 [8]7]6[5]4]3[2]1]o0o0
ACCESS RIW
FIELD NAME VINON[15:0]

DEFAULT VALUE 111 ]Jo]J1]Jo]Jo[1]Jo]JoJo]J1t]o[1]o]o

VINON[15:0]: Input Voltage to Start Power Conversion = The value is calculated according to the VIN Linear data format
BAEBRFBOANERE =VINJ=TFT—27+—<vMIGLTHEE
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VIN_OFF — Command 36h

Data Sheet

The VIN_OFF command sets the value of the input voltage, in volts, at which the device will stop, power
conversion. This command has two data bytes formatted in the linear data format described.
VIN.OFF AR RIFANBEDHETHAEIEHRILLTHY . TNARADBENERELBOREICFERASINET T—2\IME 2 (D Y=TT—

BIA—TYMILGEYET,

COMMAND FORMAT Sixteen Bits signed
BIT NUMBER 1514 [ 13[12]11]10] 9 ][8]7]6][]5]4]3[2]1]o0
ACCESS R/W
FIELD NAME VINOFF[15:0]

DEFAULT VALUE 111 Jol1]JoJoJ1]JoJoJoJoJo]1]o]o

VINOFF[15:0]: Input Voltage to Stop Power Conversion = The value is calculated according to the VIN Linear data format
BNEBRBIEDANERE = VINJ=FT—2T7+—<YMIIELTEH

VOUT_OV_FAULT_LIMIT - Command 40h

The VOUT_OV_FAULT_LIMIT command sets the value of the output voltage measured at the sense or output
pins that causes an output over voltage fault. The data bytes are two bytes formatted according to linear data
format described.

VOUT_OV_FAULT_LIMIT av U RIEEVRHEWEHEAELOHE NBERICKIEEREMEERTET IHFICHERASAET . T—2/30ME 2 /3(F

DY=FT—RI+—IYMIBYET,

COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER 514 ] 13[12]11M]10]9[8]7]6[5]4]3[2]1]o0o0
ACCESS RIW
FIELD NAME VOOVFL[15:0]

DEFAULT VALUE oo Jo 1111l 1]JofJo]Jt1t]1]o]1t]o]o

VOOVFL[15:0]: Output Over Voltage Fault Limit = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
HABEEEEFIRIE = VOUT MODEAV RIS TERESN-VOUTY =7 T—47+—yMISLTHE L

VOUT_OV_FAULT_RESPONSE — Command 41h

The VOUT_OV_FAULT_RESPONSE command instructs the device on what action to take in response to an
output over voltage fault. The details of the VOUT_OV_FAULT_RESPONSE data byte are shown below.

VOUT OV FAULTRESPONSE ATV RIETNAARICH N BEREICKIBERHICESVLSIHAEEZ I RELDOERICEASIET .,
VOUT_OV_FAULT RESPONSE DF#LWLVT—ENAFETITRLET,

Sets the VOUT_OV_FAULT (VOVF) bit in the STATUS_BYTE register

Sets the VOUT (VOWF) bit in the STATUS_WORD register

Sets the VOUT over voltage fault (VOOVF) bit in the STATUS_VOUT register

The device notifies the host through SMBALERT

STATUS BYTE L' X4M VOUT OV _FAULT (VOVRE W& ELET

STATUS_WORD L' R4M VOUT (VOWF) EvhERELET

STATUS_VOUT L2 R4AM VOUT over voltage fault (VOOVF) EwrEEELFET

RANMZF /AL R A D SMBALERT ZA L TEMLET

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 5 | 4 | 3 2 | 1 | 0
ACCESS RIW RIW RIW
FIELD NAME RSP[1:0] RS[2:0] DT[2:0]
DEFAULT VALUE 1 | 0 1 | 1 | 1 0 | 0 | 0

RSP[1:0]: L A7R> R (Response)
00 = T/INARI[LFRMF B L4 {EN{E(Device continues operation without interruption)
01 = F/NA RIEDT[2:0]DFh B {51 5% E TEIE#5(+5(Device continuous operation for the time specified by DT[2:0] in seconds)
10 = TS RIE S yhE I (Device shuts down)
1= EERERICT /M AE HEESN(Device output is disabled while the fault is present)
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RS[2:0]: BE1TERE . RSP=01,10 SR E R D H A %h(Retry Setting, effective only in the setting of RSP=01,10)
000 = T /LRI RZ—FZEL%ELV(Device does not attempt to restart)
001 " 110 = TINARIZZDHEEETY AR —KF B(Device attempts to restart the number of times set by these bits)
111 = FINARIE) RE—kL#EIF5(100msec Hiccup)(Device attempts to restart continuously)
DT[2:0]: Delay Time =f&E D& H # ZEMEL#E (T HE5RE(RSP=01) , Retry FEf@(RSP=01,10)
( The number of time units that the device continue its operation after a fault is detected(RSP=01), retry intervals(RSP=01,10))

VOUT_OV_WARN_LIMIT - Command 42h

The VOUT_OV_WARN_LIMIT command sets the value of the output voltage measured at the sense or output
pins that causes an output voltage high warning. This value is typically less than output over voltage fault limit.
The data bytes are two bytes formatted according to linear data format described.

VOUT_OV_WARN_LIMIT % RV RABHENEHAELOHE NBERICK I EEREEERETIHICEAINET, COBITEEESHIE
ELYNSWMEIZEYET  T—R2NAME 2 NAbDY=TF T—RIT+— UMY ET,

In response to the output voltage exceeds output over voltage warning limit:
HAEEBBESHIRELEAHNEEREROLARIRELT:
» Sets the NONE OF THE ABOVE (NOTA) bit in the STATUS_BYTE register

= Sets the VOUT (VOWF) bit in the STATUS_WORD register
=  Sets the VOUT_OV_WARNING (VOOVW) bit in the STATUS_VOUT register
= The device notifies the host through SMBALERT
=  STATUS.BYTE L' X400 NONE OF THE ABOVE (NOTA)EVrERELET
=  STATUSWORD LY R4M VOUT (VOWF) EvhZERELET
= STATUS.VOUT LY R4AM VOUT OV WARNING (VOOVW) EwhERELET
= RAMIFT/INA RS SMBALERT 2N L GEREILETS
COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER 1514 [ 13[12]11]10] 9 ][8]7]6][]5]4]3[2]1]o0
ACCESS R/W

FIELD NAME VOOVWL][15:0]

DEFAULT VALUE oJoJoJ1]1]1]1]Jo]JofJoJo]J]oJoJo]o]o

VOOVWL[15:0]: Output Over Voltage Warning Limit = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
HABEEEEFIRIE = VOUT MODEIYURICTEESNI-VOUTY =7 TF—4274+—whIIELTHEE

VOUT_UV_WARN_LIMIT — Command 43h

The VOUT_UV_WARN_LIMIT command sets the value of the output voltage measured at the sense or output
pins that causes an output voltage low warning. This value is typically greater than output under voltage fault limit.
The warning is masked until the device reaches the programmed output voltage and also masked when the
device is disabled. The data bytes are two bytes formatted according to linear data format described.
VOUT_UV.WARNLIMIT T RIEE AHENEHAEL OB NMEBRICK P EEREEERTIT IHICHERASNET, COBITEEEEHIR
ERYRENVKIEICHEYFET . T—E2NAME 2 NAbDYZTF T—RIT+—TIMIRYET,

In response to the output voltage is below the output under voltage warning limit:
HAOBEETEEHIRELZ FE>IENBEEREROLAKRURELT:
= Sets the NONE OF THE ABOVE (NOTA) bit in the STATUS_BYTE register

= Sets the VOUT (VOWF) bit in the STATUS_WORD register
= Sets the VOUT_UV_WARNING (VOUVW) bit in the STATUS_VOUT register
= The device notifies the host through SMBALERT
=  STATUSBYTE LY R4( NONE OF THE ABOVE (NOTA)E WhERELET
= STATUSWORD LY RAM VOUT (VOWF) Ewhk#E&ELET
= STATUS.VOUT L RAM VOUT UV WARNING (VOUVW) Evr#ERELET
= RRMIF/NA R M5 SMBALERT L CEMLET
COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER B5]14[13][12]11]10]9]8]7]6][5][4]3]2]1]o
ACCESS R/W

FIELD NAME VOUVWL[15:0]

DEFAULT VALUE oJoJoJoJ1Jo[1]Jo]J1t]1]JoJo]1]1]ol]H1
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VOUVWL[15:0]: Output Under Voltage Warning Limit = The value is calculated according to the VOUT Linear data format set by VOUT_MODE
command
HABEEEESHIRE =VOUT MODEIR U RICTRESNIZVOUTY=F7T—27+—< VMG LTHEH

VOUT_UV_FAULT_LIMIT — Command 44h

The VOUT_UV_FAULT_LIMIT command sets the value of the output voltage measured at the sense or output
pins that causes an output under voltage fault. The fault is masked until the device reaches the programmed
output voltage and also masked when the device is disabled. The data bytes are two bytes formatted according
to linear data format described.

VOUT_UV_FAULT LIMIT IR RIEEV AR WNIHAEVDE ABEEFEICLIEEREEERETIHIFERSAET, TNAIANTOITSLSh
FHABEEISET IETIC. LI T A RN EN R ESNIGE S ICEE LR IShET . T2/ M L2 MDY= TFT—2T+—<VMC
BYET,

COMMAND FORMAT Sixteen Bits Unsigned
BIT NUMBER B5]14[13[12]11]10]9[8]7]6[5][4]3]2]1]o
ACCESS RIW
FIELD NAME VOUVFL[15:0]

DEFAULT VALUE oJoJoJoJ1JoJoJ1]1]JoJoJ1]1Jo[1]o

VOUVFL[15:0]: Output Under Voltage Fault Limit = The value is calculated according to the VOUT Linear data format set by VOUT_MODE command
HAMEEEEEHRE = VOUT MODEaRURICTEHRESNFVOUT) =7 T—42T74+—yMMIEL CTHE

VOUT_UV_FAULT_RESPONSE - Command 45h

The VOUT_UV_FAULT_RESPONSE command instructs the device on what action to take in response to an
output under voltage fault. The details of the VOUT_UV_FAULT_RESPONSE data byte are shown below.
VOUT UV FAULT RESPONSE OAX VKR IETNARICH A EBEERICKIEERICESVWIBFEE T RELDERICERAIAET,
VOUT_UV_FAULT_RESPONSE D LW\TF—4/ 1 +ETFITRLET,
= Sets the NONE OF THE ABOVE (NOTA) bit in the STATUS_BYTE register
Sets the VOUT (VOWF) bit in the STATUS_WORD register
Sets the VOUT_UV_FAULT (VOUVF) bit in the STATUS_VOUT register
The device notifies the host through SMBALERT
STATUS_BYTE L' X% @ NONE OF THE ABOVE (NOTA)E W ELET
STATUS_WORD L' XAM VOUT (VOWF) EwrEBRELET
STATUS_VOUT L X4M VOUT_UV_FAULT (VOUVF) EvhrE3BELET
RARMZT /AL AH D SMBALERT 2L TEEILET

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 5 | 4 | 3 2] 1 | o
ACCESS RIW RIW RIW
FIELD NAME RSP[1:0] RS[2:0] DT[2:0]
DEFAULT VALUE 1 | 0 1 | 1 | 1 0 | 0 | 0

RSP[1:0]: LRA7R> X (Response)
00 = TINARIEPMTF B ELLBIEHRITD(Device continues operation without interruption)
01 = T/NARILDT[2:0] DFE L% TF TEIZEHE(TS(Device continuous operation for the time specified by DT[2:0] in seconds)
10 = FINARIEV ¥ YRS 92 (Device shuts down)
11 = EEXRAERICT /M A HEESN(Device output is disabled while the fault is present)
RS[2:0]: BiX{TERE . RSP=01,10 %2 E B D A H%N(Retry Setting, effective only in the setting of RSP=01,10)
000 = T /LRI RA—FZEL%ELV(Device does not attempt to restart)
001 " 110 = TS RIEZZDHE R TYRSP—LF B(Device attempts to restart the number of times set by these bits)
111 = FINARIE) RE—kL$EIT5(100msec Hiccup)(Device attempts to restart continuously)
DT[2:0]: Delay Time =[EE D& H % (ZEN{EL# (TS EREI(RSP=01) , Retry fEIfR(RSP=01,10)
( The number of time units that the device continue its operation after a fault is detected(RSP=01), retry intervals(RSP=01,10))
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IOUT_OC_FAULT_LIMIT — Command 46h

Data Sheet

The IOUT_OC_FAULT_LIMIT command sets the value of the output current, in amperes that cause the over
current detector to indicate an output over current fault condition. This command has two data bytes formatted in
the linear data format described.

IOUT_OC_FAULT_LIMIT AR R FH D ERERETRMAFT AT THY . BERBHERICERACOREERBRICEFTREICTEHLS5HE
RETOBICERAINET . T—2/N\AME 2 NAbDY=ZTT—E2T+—IMNMIGYET,

COMMAND FORMAT Sixteen Bits signed
BIT NUMBER 514 13[12]11M]10] 9 [8]7]6[5]4]3[2]1]o0o0
ACCESS RIW
FIELD NAME IOOCFL[15:0]

DEFAULT VALUE 1 11 Jo]J1]Jo]JoJo]J1t]o[1]Jo]JoJo]Jo]o

IOOCFL[15:0]: Output Over Current Fault Limit = The value is calculated according to the IOUT Linear data format
HBERBEEFRIE = 0UTY=7T—4274+—<vhrIELTHEE

IOUT_OC_FAULT_RESPONSE — Command 47h

The IOUT_OC_FAULT_RESPONSE command instructs the device on what action to take in response to an
output over current fault. The details of the IOUT_OC_FAULT_RESPONSE data byte are shown below.
IOUT_OC FAULT RESPONSE XV RIEFTFTNARICH OB ERICLIBEERBICESVSBAEZ2 I REMDHERICERASLET,
IOUT_OC_FAULT_RESPONSE DE#LLVT—A/\(rETIZRLET,
» Sets the IOUT_OC_FAULT (IOOCF) bit in the STATUS_BYTE register
»  Sets the IOUT (IOPOWF) bit in the STATUS_WORD register
Sets the IOUT_OC_FAULT (IOOCF) bit in the STATUS_IOUT register
The device notifies the host through SMBALERT
STATUS BYTE LY X4 M I0UT OC_FAULT (I00CF)Ewh &R ELES
STATUS WORD L' X4 IOUT (IOPOWF) EvbEERELET
STATUS IOUT L' Y R4 IOUT OC_FAULT (I00OCF) EwhERELEYS
RRANMZF /AL R A D SMBALERT ZA L TEMLET

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 5 | 4 | 3 2 | 1 | 0
ACCESS RIW RIW RIW
FIELD NAME RSP[1:0] RS[2:0] DT[2:0]
DEFAULT VALUE 1 | 1 1 | 1 | 1 0 | 0 | 0

RSP[1:0]: LR7R> R (Response)
00 = T/INARIERBF B LL<BIEHEIT D (Device continues operation without interruption)
01 = T/NARIEDT[2:0] DFE{IEETE TEIE (TS (Device continuous operation for the time specified by DT[2:0] in seconds)
10 = TINAR[E vy bF o (Device shuts down)
11 = EEXRERICT/NM A HEESN(Device output is disabled while the fault is present)
B TERE . RSP=01,10 X EE D A B %N (Retry Setting, effective only in the setting of RSP=01,10)
000 = T /LRI RA—FZEL%ELV(Device does not attempt to restart)
001 110 = TS RIEZZDHE R T RSP—LF B(Device attempts to restart the number of times set by these bits)
111 = FINARIE) RE—kL#EIT5(100msec Hiccup)(Device attempts to restart continuously)
DT[2:0]: Delay Time =f&E D& H # ZEMEL#E (T HE5RE(RSP=01) , Retry FEf@(RSP=01,10)
( The number of time units that the device continue its operation after a fault is detected(RSP=01), retry intervals(RSP=01,10))
¥ When RSP{1:0}=00, Device will switch to constant current control at its current value at the time that became OC_FAULT.
RSP{1:01=008#0C_FAULTIZ%>/-Bf A TEZ D ERETOEERHBIVEDYET,

RS[2:0]:

IOUT_OC_WARN_LIMIT — Command 4Ah

The IOUT_OC_WARN_LIMIT command sets the value of the output current that causes an output over current
warning. This value is typically less than output over current fault limit. This command has two data bytes
formatted in the linear data format described.

IOUT_OC_ WARN_LIMIT JX R IFE DB EREERERDOELRET IRICEAINES . BECOERIEAEROESHIRELY/NEKEES
NEF . T—RNAME 2 A DY =T T—ETA—TINIBYET,
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In response to the output current exceeds the output over current warning limit, the device:
HAERBAESEHRELZER-HNERFERODLARVRELTT/NARIT:
=  Sets the NONE OF THE ABOVE (NOTA) bit in the STATUS_BYTE register

Data Sheet

= Sets the IOUT (IOPOWF) bit in the STATUS_WORD register
= Sets the IOUT_OC_WARNING (IOOCW) bit in the STATUS_IOUT register
= The device notifies the host through SMBALERT
= STATUSBYTE L' R40 NONE OF THE ABOVE (NOTA)Ewh & ELET
=  STATUSWORD LY R4®M IOUT (IOPOWF) EwbEHRELET
= STATUSIOUT L' R4 IOUT_OC_WARNING (I00CW) Ewhr#RELET
= RRMIF/SA R M5 SMBALERT N L CEAILET
COMMAND FORMAT Sixteen Bits signed
BIT NUMBER B5]14[13[12]11]10]98]7]6[5][4]3][2]1]o
ACCESS R/W

FIELD NAME I00CWL[15:0]

DEFAULT VALUE 1 [ 11 JoJ1JoJoJoJ1JoJoJoJo]1]1]o

IOOCWL[15:0]: Output Over Current Warning Limit = The value is calculated according to the IOUT Linear data format

HAOBEREESHIRIE = IOUT) =7 T—27+—<vhIIGLTEH

OT_FAULT_LIMIT — Command 4Fh

The OT_FAULT_LIMIT command sets the temperature, in degrees Celsius, of the device at which it should
indicate an over temperature fault. This command has two data bytes formatted in the linear data format

described.

OT_FAULT LIMIT OV RIZBENERECHMAITERTHY. TS RICBRICKIBEILCOREEEBARHICRESEDLIITIHETT B

FERSND, T—EN\AME 2 "M+ D) =T T—2T+—IIMMIGEYET,

COMMAND FORMAT Sixteen Bits signed
BIT NUMBER 514 13[12]11M]10]9[8]7]6[5]4]3[2]1]o0o0
ACCESS RIW
FIELD NAME OTFL[15:0]

DEFAULT VALUE 1 11 1]JoJolo[1]1]1]1]1]Jo[1]o]o

OTFL[15:0]: Over Temperature Fault Limit = The value is calculated according to the TEMP Linear data format
BHEEEHIRE = TEMPY=7T—27+—YMIGLTEH
3OT_FAULT_LIMIT value is set at 5 °C step in the range of 100 °C t0130 °C.
Set of FAULT value by setting values in this command is as follows.
Set to less than 105 °C — 100 °C
105 °C or more and less than 110 °C —Set to 105 °C
110°C or more and less than 115 °C —Set to 110 °C
115 °C or more and less than 120 °C —Set to 115 °C
120 °C or more and less than 125 °C —Set to 120 °C
125 °C or more and less than 130 °C —Set to 125 °C
130 °C or higher —Set to 130 °C
OT_FAULT_LIMIT{[%100°C ~130°C (D §EEH T5°Cstepl TR SN F T,
CHARVFTCOREMEICEBFAULTIEDREIXUTOLSIZHYET,
105°CRi#i—100°CIZ B 5E
105°CELE110°CRHF—105°CIZERE
110°CLL E115°CRFH—110°CIZERE
115°CELE120°CRE—115°CICERE
120°CELE125°CRE—120°CIZERE
125°CELE130°CRFE—125°CICERE
130°CELE—130°CIZ3R5E

OT_FAULT_RESPONSE - Command 50h

The OT_FAULT_RESPONSE command instructs the device on what action to take in response to an over

temperature fault. The details of the OT_FAULT_RESPONSE data byte are shown below.

OT_FAULT_RESPONSE OV R[ET /A RICBEICKEEERIZESVSEEET REHNDIBRICEAINE T, OT_ FAULT RESPONSE MEELLY

T—RNAMETFERLET,
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= Sets the TEMPERATURE bit in the STATUS_BYTE register

= Sets the OT_FAULT (OTF) bit in the STATUS_TEMPERATURE register
= The device notifies the host through SMBALERT

=  STATUSBYTE LY RX%H®M TEMPERATURE EwrE &R ELET

=  STATUS_TEMPERATURE Lo RA®M OT FAULT (OTF) EVrERELET

v RAMIF/INAZMS SMBALERT #NM L CRAILET

COMMAND FORMAT Bit Field - Eight Bits Unsigned
BIT NUMBER 7 | 6 5 | 4 | 3 2 | 1 | 0
ACCESS RIW RW RIW
FIELD NAME RSP[1:0] RS[2:0] DT[2:0]
DEFAULT VALUE 1 | 1 1 | 1 | 1 o | o [ o

RSP[1:0]: LR7R> R (Response)
00 = F/INA RIS EH<ENEHRITB(Device continues operation without interruption)
01 = T/NARIIDT[2:0] DI ELIERTE TE)EHi(TS(Device continuous operation for the time specified by DT[2:0] in seconds)
10 = TINARIEL ¥ YRS 2 (Device shuts down)
1= BEEREBICTN\ARBENEEDF - BEBFICERTVOXGIHEY
(Device output is disabled while the fault is presentmoreover, hysteresis control on restart)
RS[2:0]: BE1TERE . RSP=01,10 SR ERF D HH%H(Retry Setting, effective only in the setting of RSP=01,10)
000 = T /LRI RE—FrZEL%ELV(Device does not attempt to restart)
001 " 110 = TS RIEZZDHE R T RASP—LF B(Device attempts to restart the number of times set by these bits)
111 = TN R(E) RE—FL#EITB(Device atte