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Scope and purpose

4BCM ; JJFC=; NCI'H HIN? >?N; CFM NB? H?=?MM; LS =1 HH? =]
The solution features a zergoltage switching switched capacitor converter topology as a first stage, also

known asZSC convertewith a fixed conversion ratio of 2:1. It is followed by a thdesel flying capacitor dual

phase stage that provides the 12 V regulated output.

The main Infineon components used in the 600 W digital dstalge regulated hybrid switched capacitor
convertor (DRHSC) are as follows:

1 80V OptiMOR6: IPTO12NO8NBOVN-channellinear FET 1.2 iy, TOLL (HSOB), eFuse

40 V OptiMOIg6: IQEO013NO4LM@E0V 1.35 A, PQFN 3.31m x 3.3 mm sourcalown, ZSC FETs
25V OptiMOI&b: 25 V 1.ImA, PQFN 3.3 x 3.3 mm fused lead, 3LFC FETs
1EDN75508EceDRIVERILEDN7550B, one channebn-isolated gatedriver

XDP710XDP71Mot-swapcontroller, wide input voltage range (5.5 V to 80 V) system monitoring and
protection IC

1 XDPP1100rhe smallest digital power controller with PMBus interface
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Intended audience

Thisdocument is intended for power engineers working on 48 V regulatedHBC hardware.
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1 ) HNLI >O=NCI H

The rapidly increasing electricity consumption of modern data centers demands a continuous improvement at
system and converter leveldn an attempt to reduceéhe conduction losses in DC busstribution, recently, a

48 V has been proposed to replace the existing 12 V bus voltage. To adapt the existing 12 V infrastructure to
48V, a DEDC converter can provide the interface between the 48 V bus and the regulated 12 ®maibf the
biggest challenges in enabling artificial intelligence (Al) is designing a fpgtver density power architecture

from 48 V bus voltage. tmansformer-based converters, such as LLC and PSFB, the transformer also has a fixed
core loss over the entire load range, limiting lighdad and peak efficiency.

If isolation is not requiredan IBC composed of a 2:1 SC divider and regulatgdh@se, 3level buck converter
including a balancing inductor (to balance the flying capacitors of thée8el buck stage) is proposed. The bR
HSC converter is aovel two-stage approach wherg

1 The first stage is aero voltage switching (ZVS) SC convertealled ZSC convertgr

1 The second stage is a duahase threelevel flyingcapacitor (DRP3LFC) converter featuring an intrinsic
flying capacitor balancing.

1.1 $H 3# 1J?L; NCHA JLCH=CJF?

The schematic of the DRSC is shown iRigure 1
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Figure 1  Two-stage ZVSswitched capacitor and three -level dual-phase buck converters with balancing
inductor (DR-HSC)

The first stage, ZSCpnsists of a haHbridge multilevelstructure and a resonant series LC circuit. The capacitor
0 andinductor0 are placed in series and then in parallel with to enable ZVS operation for all switches.

The second stage, a dughase 3level flying capacitor (DBLFC), consists @ivo multi-level haltbridges, two
phase nodes arshorted together and the two phases are shifted b80°. Taachieve the voltage balancing of
the fly capacitorsan additional balancing inducto®  is addedbetween the two positive terminals of the
flying capacitor. The two phase nodes, ,andaw are in phaseand connected to a common output inductor

0 . DR3LFQs controlled such that, within a part of one switching cy¢Mé , 0 andd  are connected in
series with theinput voltagew and GND. Such a connection ensures thfa¢ voltage summation across the
flying capacitorsd and o is always the input voltage> . However, by itself, the connection of the two

Application note 4 V 1.
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midpoints doesnot guarantee the flying capacitors balancing under all mismatcbnditions, for example,
MNLI HA A; N? >LCP?LAM.Ifidneckssahy;td\eafbrde the AIBNCISy actidMi@; N =B
inductive component)

To analyze the DR 3LFC waveformat 50% dutycycle. In this operation mode, the outpubhductor ripple is
almost zero because ofthe  ; 0 &€ O 0. Thisis of paramount importance to consider since this
converter is designed for a 48 V to 12 V conversion ratio, therefoch a condition is the nominal one. If low
Y for the first stage and lovinput voltage variation, the output inductor can be drasticalleduced keeping
low frequency operation (e.g., betweebb0 kHz to 250 kHz),

The main waveform for the 2:1 ZSC stage is showRigure 2 The main waveform for the dugbhase three
level flyingcapacitor buck converter DBLFC is shown iRigure 3
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Figure 2  ZSC convertor and main operation waveform
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Figure 3  DP-3LFC convertor and main operation waveform with D < 0.5
1.2 $@&F , &#%# 1J?2L; NCIH; F GI>?M

The DRP3LFC converter stage is shownhkigure 3 One switching cycléY cab be split into eight subintervals.
The following is folan operation cycle with dutycycle below 50%. The eight subintervals are described as
follows:

1. 0 o0:atd 0, boththe switchO and0 are turned onand the flying capacito®  is charged from
the input andis connected with0 to the node phases powering theoutput inductance, whiled  is
discharged powering theutput inductanced . In this phase, the output inductance powered with
0 0 andfromb  respectivelyfrom the source ol and the drain of0 . During this phase

the balancing inductor current rises from™© . to'O . with aslope ot 70

2. 0 o0:atd 0, boththe switchb and0 are turned off.

3. 0 0 :atd 0 after adeadtime period”Y ,the switchO and0 are turned on and the output
inductanceis discharged with a slope @ 70 . The two flyingcapacitorso ando are kept to
stable voltage level® 0 andvu 0 respectively. During this phase, tH® current flows
betweend and0 .

4. 0 O:atd 0 ,boththe switchd and0 are turned off.

5. 60 0O:atd 0 gafter a deadtime period”Y  hboth theswitchd and0 are turned on, the flying
capacitoro now ischarged from the input and is connected with to the nodephased  powering
the output inductance, whiled  isnow discharging, powering the output inductancé . In thisphase
the output inductance is powered frond 0 andfrom 0 respectively from the source af and

Application note 6 V 1.
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the drainof O . During this phase the balancing inductor current faltem "O . to 'O . withaslope
ofo 70 8
6. O 0:atd 0 poththe switchO and0 are turned off.
7. 0 0O:atd 0 after adeadtime period”Y  hboth the switchO and0 are turned on. In this phase,
the outputinductanceis discharged with a slope @d 70 . The two flyingcapacitors6  and 6
are kept to a stable voltage levab, 0 andv 0 , respectively. During this phase, tf@
current flows betweerd and0 keeping a stable valuef O
8. 0 0O:atd 0, boththe switchO and0 are turned off. AD o switch Q

From the converter operations illustrated above, it can b&ated that any nonideal behavior of theconverter
would bebalanced by both converter symmetry and balancing inductaerithout influencing the voltage loop
since the mean value ab  is not affected.

1.3 &FSCHA =;J; =CNIL Pd F8# A? <; F; H=CHA

The voltage stabilization of the flying capacitote half of the input voltage is achieved throughcapacitive
and an inductive coupling between the two threlevel flying capacitor phases, respectively from the phase
node short and balancing inductor.

The series connection of the twilying capacitors during the subinterval8 6 and 0 0 forces the sum of
the two flying capacitors to be equal tthe input voltage of the DBBLFC stage. The main difference between
subintervalsO 0 and0 0 is that the capacitor® is at the bottom of theseries connection while in

0 o0hé s atthe bottomof the series connection during thirst interval. The voltage applietb the

output inductor is equal to the voltage of thbottom capacitor & minus the output voltage during
these phasesBy assuming a certain voltage deviation between andow Yoo ———itis

possible to derive the timedependentbehavior of the rebalancing process from an initialoltage mismatch of
Y

Yoo Yo X

Equation 1

Where, the timeconstant T of the balancing depends omarious system parameters and can be described with
sufficientaccuracy by the following equation:

te — —

Equation 2

Where, the resistanceY is the lumped resistance dhe conduction path of the bottom capacitor to the
output, while "Q is the resonant frequencynd adjusted dutycycle is:

Application note 7 V 1.
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Equation 3

However the capacitive charge distributiorcannot keepthe flying capacitors voltage stabilied during all the
non-ideal mechanismge.g.,strong driving delayimbalance). Therefore, tamprove flying capacitor voltage
balancing, an inductivecomponent is required between the two 3LFC phas&he0 is controlled by%o ,
whereasy is controlledby %o, havingthe output inductor valley current always positiveand considering the
flux balancing ofthe balancing inductord , the following equation is valid:

Equation 4

WhereO 6 'Y is the DC resistance of the balancimgluctor. FromEquation4 it follows that the average

voltage ofw  equals tow , thereforew W — whenthere is not a strong difference between
Y o and’Y

When a unbalance is applied between the two phase$the 3LFEDP convertera DC current is buiinto the
balancinginductor. Figure 4showsthe equivalent model of the DC curremtithin the balancinginductor.
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Figure 4  Three-level dual-phase buck converters with equivalent balancing model
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Ify "Y ,considering theconverter is running and operating with positive valley current on thetput
inductor, the voltageof the flying capacitorswill slightly drift from —, as shown irfEquation4. Balancing
Application note 8 V 1.

202404-24



o _.
48 V to 12 V regulated convertor using the XDRXDP710 eFuse < mfmeon

and XDPP1100 digital controller

600 W DRHSC
Introduction

inductor compensationwould seek to discharge thé  , when connectedo w , discharging it when
connected to ground potentialachieving the voltage balancing point as can be demonstrateith the
following equation:

Equation 5

whered and0 are respectively the net charges amtischarges in the flying capacitds  ,can be
expressed as:

Equation 6

Equation 7

Equation6 and Equation7 are derived without considerindlOSFEBody diodeconduction,  isthe

average voltagavithin one switching cycle acros8 . By combiningEquation4, Equation6, and Equation?7,
the DC current ofthe balancing inductor can be calculated with the followiregjuation.

Equation 8

To validate the voltage balancing of the flying capacitors, the test is done with the followglitions:
1 With and without the balancing inductob
1 To apply a strong unbalanced between tB& and %o, set the deadtime %o ¢l Go

In the Figure %a), the test is done with the balancing inductér adopted. It shows that theflying capacitors
are kept at the samethe voltage results in a low ripple in the output inductor. In tikégure %b), the test is
done without the balancing inducto® . The two flying capacitors are drifting by 4.765 V from 30 V input
voltage with an output currentO of 25 A.

Application note 9 V 1.
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Figure 5  Flying capacitor voltage balancing

Whenthe balancing inductor needs to compensate a notieal behavior of the 3LFC, as explained with
Equation8, a DC currenis established within the balancing inductor.

The balancing inductor current has been measured, without the unbalanced applied Gé.g.
¢t O % ).ADC current of 25MA flows between two phases

with the unbalanced applied (e.g%o

%0 )and

throughout the balancingnductor. The maximum current but into balancing inductor is negligible with
respect to the output currentand thereforethe balancing inductor is carrying mostlg smaltsizedAC current
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Figure 6 Balancing inductor current
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2 "I ; ICH@I LG; NCI H

2.1 $M=LCINCIH

The 48 V regulated BRSC converter is Infinedhpatented topology. The board is capable of power transfer
from 48 V to 12 V regulated. The process of power transfer casishe followingtwo stages

1. Anunregulated ZVS switched capacitor converter, converting the 48 V input voltage down to 24 V V
voltage.

2. Aregulated duajphase threelevel flying capacitor stage, converting the 24 \j;\down to 12 V Vout. A hot
swap controller, XDP710, is incorporated for a safe stétrt to limit the inrush current and providing
protection capabilities during operation.

2.2 & ; NOL? M
This system consists of three main blockBown inFigure 7and Figure 8

1 The frst block is thehot-swapstagethat securesthe converter against thdouncing of theinput voltage
and guarantees a safe soft startup.

1 The second block is acts as a voltadwider called a zerevoltage switching switched capacitor converter
(ZSC). This stage converts the input voltage down by half with a fixed ratio at fixed switching frequency,
fixed duty-cycle, and deaetime over the full load range.

1 The last block is based on a regulated thrével flying capacitor dual phase converter. This stage uses
voltage mode dutycycle control algorithms to regulate the variable input voltage a regulated 12 V rail.

Theboard is capableof delivering 600 W continuous power over an input voltage range from 4i60J V. An
auxiliary power supply to provide bias voltage for gate driver, 3.3 V and/6 during operation, with an
output power higher than 300 W required Afanis required and should be placed next to the converter with
about 100CFMof airflow. The d-use stage is controlled by a wide input voltage hewap controller XDP710,
which drives a single Nchannel MOSFETh addition to a SOA controlled tur@N,the XDP710 provides
continuous system health monitoring and communication to the main MCUthia PMBus interfaceThe ZSC
and 3LFEDF stages are driven and regulated by a digital contrqllDPP1100. XDPP1100 also controls the
enable sequencing of thefise.The digital controls provide the utmost flexibility in design, efficiency,
optimization, and customized FW capability to implement application adah features.

Application note 11 V 1.
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Figure 7 Regulated 48 V to 12V DRHSC converter basic operation
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2.3 2?7@?L?H=? >?2MCAH

The reference design of the 600 W-BIRC is shown iRigure 9 The top view is on the left and the bottom view
is on the right. The 3D rendering of the PCB is showFignure 10The board dimensions are

ppltl xXN 1T pul.

Application note 12 V 1.
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Figure 9  Top and bottom side of the DRHSC lward

Figure 10 3D PCB view of the DRHSC Board

Top and bottom vieve of the hardware demo board including the labeling of the main components are shown
in Figure 11Figure 12and Figure 13

Application note 13 V 1.
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2:17SC 3LFC-DP

_\ c219
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r  fcar

Figure 11 Top-view of the demo board for the regulated 48 V to 12 V DRISC converter

2:17SC 3LFC-DP

([ Jgae>

an

i ]m)
3

Figure 12 Bottom -view of the demo board for the regulated 48 V to 12 V DRISC converter
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Board information

Figure 13 Controller IC and aux power location ofthe hardware demonstrator

2.4 "1, L>

J;

L ;

71 Inputvoltage range: +4%/to +60 V DC

T Minimum VIN to turn on:

1 Airflow: 100 CFM (at maximum output current)

44V

G?N?LM

; H>

N?=

BHC=;

1 Protection features: input and output overvoltagevertemperature, and overcurrent

All other board parameters are summarized Trable 1

Table 1 Parameters and recommended operating conditions

Fo>;

Parameter Symbol Min | Typ Max Unit
Input voltage range VIN_ON 440 |48.0 60.0 \%
Output voltage Vourt 11.5 |12.0 12.5 \
Output power Pour X 600 650(10 ms) w
Output current lout X X 50 A
ZSC switchindrequency | fsw X 630 X kHz
3LFC switching frequency | fsw X 250 X kHz
Output voltage ripple Viipple X X 130 mV
Application note 15

V1.
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3 [ J?2L; NCHA CHMNLO=NCI HM

3.1 ) HIONYI ONJON =1 HH?=NI LM

48V to 12V
650W DR-HSC

S5mm

Figure 14 DRHSC main input and output voltage connection lugs

1. Main input voltage connector.
2. Main output voltage connector.

3. 12 V AUX power connector. A regulated +12 V AUX supply capable of 1 A is required for all auxiliary voltage
rails and soft start circuits.

4. Communication data lines to the controller XDPP1100. (SCL, SDA, GND, 3.3 V)
5. Pulse pattern signals for the ZSC stage (PWMA, PWMB)

6. Pulse pattern signals for the 3LFQF stage (PWM_PHB_NEG, PWM_PHB_POS, PWM_PHAANEG,
PWM_PHA _ POBjfferential positive and negative measurement point on the input (Vin).

7. Differential positive and negative measurement point on tih@dpoint (24 Vimid).
8. Differential positive and negative measurement point on the output (12 Vout).
9. ON/OFF switch for the 3LHQP

10.Hot-swap controller XDP710 communication and programming connector.

3.2 Ol Q?L M?KO?H=7?

1. Apply +12 V capable of 1 A at 12 V and @Nithector 3 shown irFigure 14.
2. Set thel2V output loadingcurrent to 0 A before the 12 V output is ready.
3. Toggle the on/off switch of the converter if necessary.

Application note 16 V 1.
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Operating instructions

4. Apply a DC voltage between 44 V and 60 V onrtpet lugs (Connector 1 shown iRigure 14. The converter
is automatically starts up if the input voltage is in the specified window.

5. Observe that Vout rises over the test pins (Connector 9 showFigare 14 or directly across the Vout

capacitors.

6. In case of a system shutdown, turn OFF the main DC supply voltage and wait until Vout reaches zero.

Note: Beforeturning on the main DC Vin, make sure +12 V AUX is reset by turning OFF/ON the 12 V AUX

power supply.

Apply Vin
Vin & (48 VDC)
Linear FET ON Vth
TRV Yo] ISS—— -
44 VDC LE—
time in ms
A
Vouwnr2av | ————— .
Vout 12v ....................
time in ms
._I. >
Power
Power up: Start up over hotswap |\READY
Hot Swap IC (linear FET)
AUX supply
VOUI
Charge pump . .
Driver ready settling time
hot swap controller delay
~1ms
Figure 15 DRHSC, basic startup and power up sequence timing diagram
Application note 17 V 1.
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4 8$0xr EMQBIIN =1 HNLI FF?L

The hotswap controller XDP71i3 capableof managinga controlled system turrONand avoiding any inrush
events by driving an external fdhannelMOSFEWithin its safe operating area (SOA). It also incorporates an
extensive variety of system protections for safety operations and generates various protection responses
depending on the severity of the inciden¥.ou can use the Infineon GUI XDP designer to configure the\wap
controller. See thexDP710 application notéor more information.

In this board, an 80 V-thannel linear MOSFHEPT012NO08NSE controlled by the XDP710 haiwvap controller.

The purpose of adopting the heswap controller is to limit the inrush current and implement the sestart as

the first stage 2:1 ZSC convertor operates in an opeop mode. e dv/dt of the input voltage can be

controlled so that theinput voltage is delivered smoothly to the capacitaf the ZSC convertoiThe SOA of the
FET consists of a maximum allowed drain current that depends on its dragotarce voltage. The more the
voltage, the less current allowed through the FET. XDP710 has a closed control loop that monitors the current
through the FET and its drain to source voltage. The current flow that charges the ZSC capacitor is controlled
accordCHA NI NB? &%4AM 3/ ! n

Application note 18 V 1.
202404-24
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5 8300r ®CACN; F JI Q?L =1 HNLI FF?L
5.1 8$00rrrr =1 H@CAOL; NCI H

The FW patch and optimized configuration are stored in ti@nvolatile memory OTP. You can run the demo
board by following the instructions irsection 3.2without needing additional configuration. To evaluate
XDPP1100, you can change configuration such as fault thresholds or response. Most of the configurations can
be changed on the fly. The modified configurations are stored in the RAM and camobédied anunlimited

number of times. However, once the input voltage and 3.3 V VDD are removed, the modifications will be lost
and reset to the default OTP settings. To keep the new configuration, you can store the customized
configuration to the OTPSeethe XDPP1100 application notier more information

This design uses XDPP11Q24, which is a 2gin device and drives two loop& herefore the Loopl PMBus
commands are not visible if @uto-populatesthe device into the graphical user interface (GUfpu need to
force the 12C/PMBus communication and add XDPP1Q@20 (4€pin version) to configure the device.

To verify the design tool, perform the following steps:

1. Connect thedC dongle to the?C connector on the board.
2. Load the design fil§REF_600W_EHRSC_XDPP.pcd
3. In theOptions tab, checkForce i2c/PMBus Okas shown irFigure 16
Thisstep is mandatory as the device cannot be detected by usido populate.

File [ Options | 2c Help  Tools
¥ | Force i2c/PMBus OK
7 ) wite- | £ oo~ 088 52 (R 4#% ) Wl ©
[¥] Enable Telemetry Update / &
To Show Floating Staus i
Automatically Write Config Fle After Loading
Load Default Design When GUI Starts
Show Register Map First When Click a Device 6. Advanced Features
SWD port Enable Ppping and Topology Selection Droop, Burst Fast Transients, Feed-
Forward Flux Balancing
2.5ystem Settings [ N7 Partia Conig
Flexible Startup and Shutdown N Partial Configuration
~

3.PID - Bode Plot (BN 8 FW Patch
Kp, KI, KD Gain tunning and Loop Stability FW Patching, Configuration & FW Debug

(Gain Margin and Phase Margin)

4. Faults & Protection
Faultresponses & Limits Comparator

~ 5. Basic Configuration 10. Configuration Checker
L e metny lout, ln Telemetry Bl uio-Correctof configuration cata

HW : USBOOA | Dongle FW : v65 | EN L || 100 KHz | No License | Online Mode | Ready

Figure 16 Load design file through GUI andread from the device

4. Power up the board.
The GUI will show a pepp windowautomatically after establishing communication as shown Figure 17

Application note 19 V 1.
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GuiDeviceSync

GUl is trying to sync with the board
devices. You can choose to
read from the board devices or
write GUI to the board devices.

[[] Do this for all devices

| Readfrom Device 0x10

Wite to Device (x10

Figure 17 Read from Device operation

5. Click Read from Device 0x01
This will read the configuration file from XDPP1100.
5.2 # HNLI F FI1 I J

In the XDPP1100 GUI showrFigure 18 use the XDPP118D040 configuration for XDPP114@@024 to
implement two digital control loops.

1 LoopQ: Controls the regulated 3LFC and it is closed loop with VMC control mode.
1 Loopl Controls the operoop ZSC.

Note: BothLoopO and Loop1l are used to control the whole systedrdo notturn on/off either the ZSC
MN; A? I L NB? U, &% MN; A? M?J; L; N?FS <S NB? O-

File Options i2c Help Tools

D Load/Save - | .l e H Read - ﬁ|@| Write - / Tools -

: Total Pout : 0.00 W
. XDPP1100-Q040::i2c x10
+ Loop 0::pmb x40 (3LFC)
: Loop 1::pmb x40 (ZSC)

vl v = o

Figure 18 XDPP1100Q024 control loop

Application note 20 V 1.
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5.3 41 J1 FI AS NEG? >2;B@CAOL; NCI H

Loop0 controls the thredevel flying capacitor buck (3LFC). Loop0 is configured to ‘wifige (HB) topology to
drive the interleaved 3LFC as shownHigure 18 The control loop of the 3LFC is the same as Buck, &+# V
Vin sLre Here the input voltage of 3LFC is the output of the 2:1 ZSGy.%8Wien Wuris higher than ¥2 M sircOr Y4
Vin, the duty-cycle is higher than 50%. The HB control loop has the same -@ytleequation,andit could be
used to control the 3LFC.

The drawback of halbridge topology is that the max dutgycle of HB is limited to 100%. In other words, each
3LFC phase dutgycle is limited to 50%. When the outpubltage is higher than % the 3LFC stage loses
regulation. To compensate for the dutgycle limit, the PWM falling edge dedune is used to extend the pulse
width. XDPP1100 allows a maximum of 318.75 ns diae. In this design, PWM3 and PWM4 falling edge dead
time is set to 298.75 ns. At the 250 kHz switching frequency, the 298.75 ns provides 7.5%yclatgxtension.
This allows for regulation at 44 V input as showrFigure 21

The benefit of using HB topology is the dutycle lock feature of the XDPP1100. The XDPP1100 could lock the
odd and even dutycycle of bridge topologies. The pulse width only adjusts at the even cycle and keeps the odd
cycle the same as the even cycle.iJhelps to keep the voltage balancing of the two flying capacitors.

In the XDPP1100 GUbpologydesign tool, configure the following parameters:

1 Loop0 3LFCConfigurethe topology to halfbridge primary and centettapped secondary, mapping the
PWMs per HW connection.

Select Loop Loop 0
Topology DeadTime

Topology Mapping and Control

Apply Topology for selected Loop

Secondary Side
— 2
X Vokage Mode Control
() Phase Shift Ful Bidge Q7 PWM2 © Center Tapped SR1|PWME 9 ==
s SRa|PWMa t:,J Peak Cument Mode Control on Secondary

) Full Bridge () Full Bridge () Peak Cument Mode Control on Primary
R o
O ACF [} Interleaved

() Buck

() Buck-Boost

Figure 19 3LFC topology and control mode

Application note
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(infineon

8l XDPP1100 Topology

Topology DeadTime

Dead Time PLOT

Tswi2
Time (Mano Sec)

Primary Side

Secondary Side

Figure 20 3LFC deadtime and isolation delay

| CF ICF PWM_DEADTIME v

PWM dead times { Fall Time and Rise T{

pwm1 pwm2
[eoo |2 oo 3 | oeo |2 coo |2

pwmS pwmb

pwm3 pwm10
,TH."TH‘ ,THITH‘
pwmli pwml12

ITH'TH‘ 'TH'TH‘
“primary side active pwm's
*secondary side active pwm's

Figure 21 3LFC deadtime configuration

1 LooplZSC Configure the topology to the halbridge primary, mapping the PWMs per HW connection

shown in theFigure 22

1 ZSC e@ad-time configuration : The ZSC deadime is not implemented in the command OxCF
PWM_DEADTIME shown in figure 23 However, it is implemented by using the MFR command OXED

Application note 22
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which defines the max dutgycle. In this design, the value of the OXED (max eupgle) is OxF170 in the
PMBus spreadsheetnd the max dutycycleis 92%. The deatime can be calculated agivenin the
following equation:

Qo — 2 Ot i

Equation 9

where, the'O is the ZSC switching frequency, the max duty cycle is 92%.

8§ XDPP1100 Topology = (m] X

Topology DeadTime
Topology Mapping and Control
Primary Side
PWM1 v
PWM2 ~

Interleaved

Non-Isolated Topoloay

Figure 22 ZSC topology and PWM mapping

CF  CF PWM_DEADTIME v|

PWM dead times - Fall Time and Rise Ti

pwml pwm2 I
| 0.00 }.3..” 0.00 }.;.” | 0.00 }.;..|| 0.00 |.¢.!
Inus |.;.ﬂ 20.00 |.;.|] [ .00 |.;.|] 31875 |.;.||

pwmS pwmb

| 0.00 }.Hl 3875 ml

pwm7 pwm8
o003 000 (3 o0 (3| coo 3
pwm9 pwm10
|t¢l}.¢,.+|w|.¢.|| |lﬂ}.ﬂ|lﬂml
pwml1 pwm12
000 3 000 3 oo |3 oo 3
“primary side active pwm's
“secondary side active pwm's
Figure 23 ZSC deadtime
Application note 23 V1.
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5.4 0O-"" @GMH@CAOL; NCI H
The key PMBus commands are listedTiable 2and Table 3

Table 2 Basic PMBus configuration for Loop0 (3LFC)

Command Name Data Meaning

00 PAGE 0x00 Page O

01 OPERATION 0x01 On

02 ON_OFF_CONFIG Ox1F Respond to operation and EN pin, EN polarity
active high

20 VOUT_MODE 0x18 e

21 VOUT_COMMAND 0x0CO00 12,000 V

24 VOUT_MAX 0xO0F00 15,000 V

27 VOUT_TRANSITION_RATE| OxE810 2,000 mV/us

29 VOUT_SCALE_LOOP X 0.13043

32 MAX_DUTY 0xF190 100.00 percent

33 FREQUENCY_SWITCH 0x087D 250 kHz

34 POWER_MODE 0x03 0x03

61 TON_RISE FO50 25.000 ms

CD MFR_VRECT_SCALE X 0.128906

EA MFR_IOUT_APC X 0.353516 A

Table 3 Basic PMBus configuration for Loop1(ZSC)

Command Name Data Meaning

00 PAGE 0x01 Page 1

01 OPERATION 0x01 On

02 ON_OFF_CONFIG Ox1A Respond tocoperation on/off only
20 VOUT_MODE 0x18 7S

21 VOUT_COMMAND 0x1800 24,000 V

27 VOUT_TRANSITION_RATE | OxE810 2,000 mV/us
32 MAX_DUTY 0xF190 100.00 percent
33 FREQUENCY_SWITCH 0x093B 630 kHz

34 POWER_MODE 0x03 0x03

9.5 ) HION PMPHNP?A?

The XDPP1100 uses PRISEN ADC to sense the input voltage through thedigiderR603, R604. The input
voltage is calculated based on the sensed PRISEN voltage. The PRISEN input voltage sensing is configured by
register vin_pwl_slope and vin_trim showim Figure 24

The vin_pwl_slope can be calculated by the following equation:

Application note 24 V 1.
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Equation 10

TheYVerised YVinis the resistor scale of the PRISEN resiadorider (R603, R604). To utilize the full input voltage
range of TS ADC (1.2 V), it is recommended to set the scalgresigtor divider by:

8

Equation 11

For example, for maximum 95 V input the késistor-divider ratio is set to 1.2 V/95 V = 0.0126 V/V. To get this
L: NCIH M?F?=N 2XIf w r3F EAH 2XI'Bh wv fnf EAH NB? ; =

\\\\\\\

Equation 12

The vin_trim configures the offset of the input voltage that is sensed by PRISEN.

Output cumrent sense  Input cument sense  Vin Telemetry  PWM/ramp  Telemetry
Vin telemetry
tm0_vin_src_sel (TS ADC Vin .
P48V_IN_SENSE ))—
R603 [ PRISEN |
1 80K prisen_meas_en | Enabled .
ts_muxctl2 | 0.6V Reference
o %
0.1% ts_mumode | Auto Sequence: 1.5.2.3.1.7.
vin_pwl_siope 2133
l:—<<P48V_IN_SENSE_SHASTA vom [0
| R604
NP ceory 33K
- (]
1000p
[r— Read All
Telemetry sense ADC PRISEN input voltage (Vin) offset term. Vin computed as: <start table>{) {*Vin = ADC * vin_pwl_slope + vin_trim"}H}<end
table>
i el ’ oK Cancel = Help

Figure 24 Input voltage sensing by PRISEN pin

5.6 6ccP | F NV ?AHM?

The XDPP1100 uses VRSEN/VRREF ADC to sense the middleltamet{/nic) through the resistordivider
R605, R606 shown in tlk@gure 25 The voltage is calculated based on the sensed VRSEN voltage. This is the
3LFC input voltage shown in the LoopO of the GUI.

Application note 25 V 1.
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When configuring the Loop0, the MFR_VRECT_SCALE must be set to 2x of the resistor divideevalise in
half-bridge topology, the FW calculates input of loopONMrd based on the following equation:

623%CT - &DB2%BH! z%&AU2! . 3&/ BH#%2 %

Equation 13

Setting MFR_VRECT_SCALE to 2x could cancel the factor of 2 in the equation.
The pid_vrect_ref should be setto 12V /0.32 V = 38
OXCDMFR_VRECT_SCALE in LoopO0 is calculated baseg.oasistor-divider R605, R606.

D"O‘W‘Y‘O@"‘Wbﬁ‘eij l; T 6 T™®Gwo

Equation 14

P24V_VOUT_SENSE_POS »>——

R605
68K
0.5%

{P24V_OUT_SENSE

NP csoe? R606
1000p§ %7K
43’24V_VOUT_SENSE_NEG
Figure 25 Vmid voltage sensingcircuit
5.7 /| ONJON PI FN; A?2 M?HM?

The output voltage is sensed at the VSEN pin through resigigider R607, R608 shown in tikégure 26 The

set-point of VSEN is recommended to be set equal or higher than 1.2 V for the highest accuracy. This board sets
the divider ratio to 0.1304 to get 1.56 V at the VSEN pin. the PMBus Command in Loop0 0x29
VOUT_SCALE_LOORP is 0.1304.

Application note 26 V 1.
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@0 YYS O DO 60 — T®OomT
Equation 15
P12V_VOUT_SENSE_POS .
k R607
< 12K
<‘> 0.1% C610
——1uF
186V
P12V_VOUT_SENSE
R ———— ]
% R608
1000pFT 0.1%
>P12V_VOUT_SENSE_NEG
Figure 26 Output voltage sensing circuit
5.8 &CLGQ;;IN=B
5.8.1 %H; <F? MCA&OMPO¥@ INB ?

The eFuse enable signal is controlled by pin 22 of XDPP1100, which is mapped to MP_SYNC by default.
Therefore, a patch is required to modify this pin functionality, The patch is hard coded to use the MP_SYNC pin
to turn on eFuse XDP710 for satiart (e.g, signal enable for haswap controller).

Application note 27 V 1.
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5.8.2 3N;AC; AL,

G

infineon

Fault shutdown?

Yes

Power On Reset

y

Y

Config
OTP D

uration/
ownload

A

/

Initialization

'

Inactive

A

/

Start conditions met:
EN pin and/or OPERATION
and VIN > VIN_ON

Ton_delay

A

y complete

Ton_delay count

Enable ZSC PWM outpu
(duty = MFR_MAX_DUTY)

l MFR_CONFIG_DELAY

count complete

Enable euse
(MP_SYNC high)

A

/

Voltage after fuse
ramp up

ZSC open loop operation
(fixed Fsw, Fixed duty)

-

Disable?

Yes

Disable conditions met:

EN pin and/or OPERATION

or
VIN <VIN_OFF

Turn off efuse
(MP_SYNC low)

* Vout <MFR_CONFIG_THRESH

Disable ZSC PWM outpu

Ll
Yes

Shutdown ZSC PWM
Turn off efuse
(MP_SYNC low)

-

—

PLD

Figure 27 ZSC (loopl) stagadiagram
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LoopO0 is enabled by the standard enable logic in ROM code. The VIN_ON threshold of loopO is set very low to
3V. The goal is to limit thimrush current in the 3LFC flying capacitor during startup. The VIN_ON threshold
should be set as low as possible. However, when the input voltage applies, the Vol bus will be pulled up by the
leakage current of the gate drivers. To prevent unexpected stprof 3LFC, e.g., without the enable converter,

the VIN_ON threshold has to be set higher than the Vol voltage in the off state, which is around 2 V.

During shutdown, loop0 (SLFC stage) switches to the forced duty cycle except in a fault shutdown scenario. This
is controlled by an FW patch to discharge the Vol bus voltage. The FW keeps loop0 PWMs switching and only
turn off PWMs when Vout is lower tharthreshold defined by MFR_CONFIG_THRESHOLDB. %def the
configuration guide for more information.

In a fault shutdown, the PWM of both loop0 3LFC and loopl ZSC would be pulled down immediately. The eFuse
will be disabled except for undervoltage faults where soft shutdown is used.

Loopl controls the 2:1 ZSC stage. The ZSC converter operates in open loop mode. The patch implements force
duty-cycle and enable/disable eFuse functions. At startup, the ZSC stage should start switching before the

eFuse XDP710 turns on. Use MFR_CONFIG YO&ldelay the turron of the eFuse (se®9.3for configuration

guide).

5.8.3 %H; <F?2Y>CM; <F? :3# O©OFIl1Jre ; H> ?2&0ON\

1 Config MP_SYNC (EN_EFUSE) as GPIO pin. Set sync_func=1, sync_ppen=1.
1 Setramplforce duty (cee5.8.4 rampl _force duty en=1

5.8.3.1 H; <F? :3# ; H> ?72&0M?
The following conditions need to be met to enable ZSC and eFuse.

1 ON_OFF_CONFIG and the EN, OPERATION enable converter.

7 Input voltage is higher than the VIN_ON threshold of loopl. Loopl tim1_vin_src_3gThe input voltage is
sensed at the PRISEN pin.

1 No fault shutdown.
The ENsdesigned to control both loop0 and loopl by the patch.
The following sequence must be followed for the enable sequence.

1 Enable loopl PWM output. The loopl dutycle is set by rampl_force_duty and is configured by
MFR_MAX_DUTY.

1 After the delay set by MFR_CONFIG_DELAY, enable eFuse by setting MP_SYNC pin high.

5.8.3.2 $CM; <F? .:3# ; H> ?2&0M?
The following conditions need to be met for normal disable conditions.

1. ON_OFF_CONFIG and the EN, OPERATION disable converter (loopl)
2. VINofloopl is lower tharthe VIN_OFEhreshold.

The following sequence must be followed for the normal disable sequence.

1. Turn off eFuse by setting MP_SYNC of the XDPP1100 pin low.
2. Keep PWMwitchingof both loop 0 and loop Lintil Voutof loopOis lower than MFR_CONFIG_THRESHOLD

Application note 29 V 1.
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The following sequence must be followed for the fault disable sequence at fault shutdown.
1 Turn-off eFuse (MP_SYNC low) and shutdown all PWMs immediately

584 . 3# @I B==PODNSI HNLI F
Set rampl_force_duty = MFRIAX_DUTN(2/-8*100)

The rampl_force_duty is updated at device powep when loading the configuration from OTP, or when the
MFR_MAX_DUTY command writes.

The ZSC frequency is defined by the FREQUENCY_SWITCH of loop1. It will be updated when
FREQUENCY_SWITCH writes.

5.8.5 $CM; <F? 6/54n56 @ OFN ; N =1 HP?LN?L

Loop0 VOUT_UV fault should not trigger during soft start. The VOUT_UV fault is only activated after Vout ramps
up and higher than VOUT_UV_WARN_LIMIT.

5.8.6 3N; LNOJ M?2KOB?#H=? | @ $2
The main startup waveform is shown Figure 28
For reference, the definition of the waveforms is as follows:

1 ® :Actual input voltage before eFuse. Sensed with PRISEN ADC.
1 ®"Q¢ : Input voltage of ZSC and output voltage of eFuse FET.

1 wé 6 oorw Qe : Output voltage of ZSC which is the input voltage of 3iH&, sensed with VRSEN
ADC.

1 ® :Output voltage of 3LFDP (output voltage of loop0). Sensed by fast ADC VSEN.
1 'O Digital enable of converter (connected to MP_EN GPIO[0]).
1 00 : Digital signalfrom XDPP1100 MP_SYNC pin to enable eFuse controller XDP710 startup

The following procedure describes the startup sequence.

1. Apply Vin 48 \qo load.

2. The loopl PWM starts switching at a fixed duty cycle as described in segiia

3. After a defined delayD 0 (e.g., set with MFR_CONFIG_DELAYendbled eFuse is pulled up and the
eFuse controller starts the eFuse startup procedure.

4. When the output voltage of ZSC has reached the VIN_ON threshold 3.0 V of loop0, the second staB&3LFC
stars switching.

Application note 30 V 1.
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if File T Vertical + Timebase I Trigger & Display Cursors Measure ox Analysis X @ Support

Vout_zsc

EN_On/Off switch

EN_e-fuse

PWM_ZSC

PWM_3LFC

2023 536 06 PM

Figure 28 Startup sequence

5.8.7 3BON>I QH M?2KO2#H=? |1 @ $2
Waveforms references are shownkigure 29
Thefollowing procedures describe the nominal shutdown sequence.

1. When the Vin voltage is below the VIN_OFF threshold definediBR_48V_OFF_THRES8kB?2) the
00 signal goes down. The PWM of ZSC keeps switching at fixedayte as in nominal operation
when the PWM of the 3LHOP keep switching, modulating the output voltage following shutdown ramp.
2. Whenthe output voltage of loop0 reaches the output voltage aff defined by the
MFR_CONFIG_THRESHOLD(Qxesh loops stop switching.

Application note 31 V 1.
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B File I Vertical +=+ Timebase F Trigger & Display

Vin|

Vout_zsc|

o EN_On/Off switch |

EN_e-fuse

Figure 29 Shutdown sequence

5.9 - &2 =1 GG; H>M

5.9.1 - &2WB3I6HI . W4 (2 %3

TheMFR_48V_ON_THRES#s the eFuse turon threshold. This command has two data bytes in the
LINEAR11 data format.

Table 4 MFR_48V_ON_THRESH
Command code | Command name Write Tx Read Tx Bytes Format
Blh MFR_48V_ON_THRESY Write word Read word 2 Linear 11

Example:MFR_48V_ON_THRESH = OxF8B®G the turron threshold to 44 V.

5.9.2 - &2 H3I6IHT &&INA( 2 %3 (

TheMFR_48V_OFF_THRE®s the EFUSE turroff threshold. This command has two data bytes in the
LINEAR11 data format.

Table 5 MFR_48V_OFF_THRESH
Command code | Command name Write Tx Read Tx Bytes Format
B2h MFR_48V_OFF_THRE{ Write word Read word 2 Linear 11

Example:MFR_48V_ON_THRESH = OxFBARB the turnoff threshold to 42 V.

Application note 32 V 1.
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5.9.3 -&20WH#I . &) W%, !9

TheMFR_CONFIG_DELdgovhmand sets the BEFUSE turron delay. This command has two data bytes in the
LINEAR11 data format. eFuse tuon delay =MFR_CONFIG_DELI*AN ps + 20 ps.

Table6  MFR_CONFIG_DELAY
Command code | Command name Write Tx Read Tx Bytes Format
E8h MFR_CONFIG_DEL/ Write word Read word 2 Linear 11

ExampleMFR_CONFIG_DEL-A¥XF80h= 2.%, the eFuse turron delay is 45 ps.

5.9.4 - &20u#l . &) NA(2%3( /], $
TheMFR_CONFIG_THRESHG®GER the ZSC PWM shutdown threshold in normal shutdown.

Table7 MFRCONFIGTHRESHOLD
Command code | Command name Write Tx Read Tx Bytes | Format
E5h MFR_CONFIG_THRESH(Q Write word | Read word | 2 Linearll, Unit V

Example:MFR_CONFIG_THRESHGL®MA333= 0.2, will set the shutdown threshold to 0.2 V. The shutdown
occurs at VOUT = 0.2 V.
5.9.5 -&201W-18n$549

The MFR_MAXUTMefines themax duty-cycle of the ZSCT'his command has two data bytes in the LINEAR11
data format.

Table8 MFR_MAXDUTY
Command code | Command name | Write Tx Read Tx Bytes Format
EDh MFR_MAX_DUTY | Write word Read word 2 Linear 11

Example:MFR _MAXDUTY (XF170 set theZSC PWivhaximumduty-cycleto 92%
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6 2?7A0F; NCI'H ; H> N?F?G?NLS

6.1 , CH? . H> FI ;> L?2AO0OF: NCI H
Line and load regulation was tested at 44 V, 48 V, and 60 V input at 0 A, 10 A, 20 A, 30 A, 40 A, and 50 A load.

Line and load regulation

0.4%
o
= 0.2%
o _—
> = Positive error limit
I
% 0.0% A4\
>
= 48V
2 .0.2% 60V
o Negative error limit

-0.4%

0 10 20 30 40 50 60
Load current [A]

Figure 30 Line and load regulation

6.2 ) HION PI FN; A? N?F?G?NLS

The input voltage is sensed before the eFuse. The input voltage telemetry accuracy was tested at no load, half
load, and full load.

Input voltage telemetry
2.5%
2.0%
1.5%
1.0%
_ 0.5% Positive error limit
2 0.0% No Load
Y 0.5% Half Load
-1.0% Full Load
-1.5% Negative error limit
-2.0%
-2.5%
42 44 46 48 50 52 54 56 58 60 62
Input voltage [ V]

Figure 31 Input voltage telemetry reading accuracy
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6.3 /| ONJON PI FN; A? N?F?G?NLS

The output voltage telemetry was measured at 4448,V, and 60 V inputat 0 A, 10 A, 20 A, 30 A, 40 A, and 50A
load.

Output voltage telemetry
2.5%
2.0%
1.5%
1.0%
_ 0.5% Positive error limit
S 0.0% —a4V
w
-0.5% 48V
-1.0% 60 V
- 0,
1.5% Negative error limit
-2.0%
-2.5%
0 10 20 30 40 50 60
Output Current [ A']

Figure 32 Output voltage telemetry reading accuracy

6.4 /| ONJON =OLL?HN N?F?G?NLS

The output current is sensed through the DCR of the output inductor L2. {inéng of the RC parameters

across the inductor is needed to get accurate current sensing. At no load or light load, there is reverse current
present through the inductor in a bucderived topology. In this case, an epmp with bidirectional sensing
capability is recommended, otherwise the light load current telemetry cannot be sensed accurately. The DCR of
the inductor has a positive temperature coefficient, which means resistaimc@eases as temperature rises, so
temperature compensation should be considered to achieve accurate output current sensing, which can be
implemented easily with XDPP1100.

The output current telemetry was tested at 44 V, 48 V, and 60 V input. The IOUT_CAL_OFFSET is set to 9.5 A.

From the test results shown in thEigure 33the current sensing is not accurate at light load. To improve the
sensing accuracy at light load, change the-amp U46 from ADM4073T to LMP8481 and connect 1.2 VDD of
XDPP1100 to the REF pin of the LMP8¥dth this change, the reverse current is sensed correctly.

Application note 35 V 1.
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Outptu current telemetry
20%

15% \

10% \
5%

_ = Positive error limit
2 o% \’ — —44V
. -5% 48 V

-10% 60V

-15% - Negative error limit

-20%
0O 5 10 15 20 25 30 35 40 45 50 55
Output current [ A ]

Figure 33 Output current telemetry reading accuracy
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4 3SSMN?G J?2L@ LG; H=?
7.1 -, CH? L, QCPH@!I L G

The DRHSC board consists of an unregulated and a regulated stage.

The unregulated ZSC stage switches at around 630 kHz with 50%dutle and a fixed deatime. Since it is a
soft switching topology, the main losses come from MOSFET conduction losses, PCB conduction losses, and
gate driving losses.

The regulated stage compared to the ZSC stage is a hard switching topology operating at a low switching
frequencyof 250 kHz. One major advantage of the topology is that the inductor is facing twice the switching
frequency (f.) and only half of the input voltage {M). This allows to use a very small inductor value, without
increasing the current ripple and core losses in the inductor. Another benefit is thaiif2/is exactly Vout, the
inductor sees no ripple current and therefore has very low corsses. That means the most efficient operation
point for the converter is when\= 48 V, Ms = 24 V, andM = 12 V. Overall, the solution can achieve high power
density and high efficiency, and is very flexible in how a design can be implemented.

[ Fie T Vertical =+ Timebase | Trigger ) Display Cursors Measure ~» Analysis X Uliiies @ Support

PWM @A -
- e — — Jhas = . ks
2 WO f _ L .
i " - . i
le e Il [ | . e = :
] m—"\-..,‘__w T - fone - T mm—— T - - TT— - I
— T ciyz T #t R

S I 0 A W O

TELEDYNE LECROY W for Trigger  12/8/2023 11:52.28 AM

Figure 34 3LFCGDP, basic operation waveforms showing the phase node voltage and the ripple voltage
on Gy: and Gy, and according to PWM signals at ¥= 48 V @l: = 40 A.
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7.2 3N; LNOJ ; H> MBON>I QH

In Figure 35startup main waveformsof the regulated 48/ to 12V DRHSC converter, at Vin48 V and0 V, lout
= 0 Aare shown.

Vin =48 Mout =0 A Vin=60V, lout=0A
Figure 35 Startup behavior

The shutdown main waveforms, from Vin 48 V, are showthéfollowing figure When the VIN goes below
Vinin ,the eFuse is turned off and the ZSC and 3iHare keep switching till Vout goes below ¥=2 V. To
make sure that Mg capacitors and ZSC capacitors are completely discharged to zero, the ZSC stage keeps
switching after the shutdown.

% File T Verlical += Timebase I Trigger ) Display rsors

PWM ZSC

V| 1B.750 3 of 25 MS e
TELEDYNE LECROY 12/11/2023 12:13:24 PM

Figure 36 Shutdown behavior at Vin =48 V, lout=0 A

7.3 /ONJON LCJJF? ; H> HI CM?

The voltage ripple in steady state is less than 130 mV at different input and output current.
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1 Gow=14>GRM31CD71H106KEAAuFceramic +2 XEEEFK1C221¥%20uFelectrolytic
1 Vin=48V]out=0A

ProkokTa P E— P e -

Vin =48 Vlout = 0 A, Vin =48V, lout=0 A,
Ripple = 32.1 mV, time base = 20 ps/div Ripple = 51.7 m¥ime base = 10 ms/div
Figure 37 Output ripple at Vin =48 V, lout =0 A

1 Vin=48V,lout =50A

T T

Vin 48 Vlout = 50 A,
ripple = 30.1 m\f{jme base = 2 us/div

Vin 48 V lout = 50 A,
ripple = 70.6 mV, time base = 10 ms/div

Figure 38 Output ripple at Vin =48 V, lout =50 A

1 Vin=60V,lout = 0A
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Vin = 60 Mout = 0 Ac, Vin=60V, lout=0A,
ripple = 82.7 mV, time base = 2 ps/div Ripple = 117.9 mV, time base = 10 ms/div
Figure 39 Output ripple at Vin =60V, lout = 0A

1 Vin=60V,lout =50 A

P mance)

Vin = 60 Mout =50 A Vin=60V, lout=50 A
Ripple = 78.6 mV, time base = 2 ps/div ripple = 118.1 mV, time base = 10 ms/div
Figure 40 Output ripple at Vin =60 V, 50 A

7.4 , I 7> NL; HMC? HNM

The Eload transition rate is set to 1 A/us.

1 Vin=48V

1 CH2 12V output, CH4 output current

1 Transient done from @ to 25A, the min voltage is 11.548 the max voltage is 12.2%4

1 Transient done from 2%\to 50A,the min voltage is 11.688, the max voltage is 12.308

1 Transient done from 5 A to 45 A, the min voltage is 11.641 V, the max voltage is 12.336 V

1 Transient done from O A to 50 A, the min voltage is 11.561 V, the max voltage is 12.343 V

Application note 40 V 1.
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Vin = 48 Mout 0 Ato 25 A Vin = 48 V, lout 25 A to 50 A

“2¥
H

Vin =48V, lout5 Ato 45 A Vin =48 V, lout 0 A to 50 A

Figure 41 Load transient at Vin =48 V

Vin=60V

CH2 12V output, CH4 Outputcurrent

Transient done from 0 A to 25 A, the min voltage is 11.552 V, the max voltage is 12.268 V
Transient done from 25 A to 50 A, the min voltage is 11.729 V, the max voltage is 12.278 V
Transient done from 5 A to 45 A, the min voltage is 11.700 V, the max voltage is 12.285 V
Transient done from 0 A to 50 A, the min voltage is 11.563 V, the max voltage is 12.292 V

] =2 =2 =a - -a -a

Vin = 60 Mout 0 Ato 25 A Vin=60V, lout 25 Ato 50 A
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Vin=60V, lout5 A to 4 5A Vin =60 V,lout 0 Ato 50 A
Figure 42 Loadtransient at Vin = 60 V

7.5 -?; MOL?> ?2@@C=C?H=S

In Figure 43 the efficiency is tested at Vin = 44 V, 48 V, 54 V, andré@easured efficiency ovedifferent Vin
voltages including AUX supply losses (PoL8.&nd 3.3/, controller IC, driver IC). Hot swap switch conduction
losses are not included in the graph.

Measured Efficiency
98.5%
98.0%
97.5% :
o7.0% \
96.5% )
96.0% -
—e—Efficiency @ 44V
95.5%
—e—Efficiency @ 48V
85.0%
94.5% Efficiency @ 54V
94.0% Efficiency @ 60V
83.5%
93.0%
0 5 10 15 20 25 30 35 40 45 50
IOUT[A]
Figure 43 Measured efficiency
Application note 42 V 1.
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7.6 4B?LG; F CG; A?

The thermal image was taken at Vin = 48 V, lout = 50 A, the ambient temperature = 25°C with the fan cooling
(airflow ~ = 100 CFM). The hot spot is 76°C, the 3LFC MOSFETs Q5, Q9 are hot spots.

03 753 degCm===

Figure 44 Thermal performance
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N?=NCI HM

(infineon

In this section, the input and output fault protections aneerified. The default fault thresholds and fault
response of the board are listed in the following table.

Table 9 Default fault protection configuration
Protection type Default value Unit
(PMBus configurable)
Output overvoltage Fault limit threshold 14 Y
Loop0 Warn limit threshold | 13.5 \Y;
Fault response Disable and retry, no retry X
Output undervoltage Fault limit threshold 0 \%
Loop0 Warn limit threshold | 0 %
Fault response Ignore fault X
Output overcurrent Fault limit threshold 60 A
LoopO Warn limit threshold | 58 A
Fault response Shutdown and retry X
Output undercurrent Fault limit threshold X128 A
LoopO Fault response Continues to operate 3
(Constantcurrent)
Overtemperature Fault limit threshold 125 °C
Loop0 Warn limit threshold | 90 °C
Fault response Disable and retry X
Undertemperature Fault limit threshold w42 °C
LoopO Warn limit threshold | 540 °C
Fault response Ignore fault X
Output overcurrent fast | Fault limit threshold 80 A
fault or short circuit Fault response Shut down and no retry
(LoopO0)
Input overvoltage Fault limit threshold 66 \%
Loopl Warn limit threshold | 65 Vv
Fault response Ignore fault X
Input undervoltage Fault limit threshold 2 Vv
Loopl Warn limit threshold | 2.5 Vv
Fault response Ignore fault X

The fault threshold and response can be configured by the design Eanllt Protections. XDPP1100 also
allows the user to configure the sensitivity of the fault detection. Tault Configuration tab configures the
fault registers that define the consecutive fault count and the hysteresis of the fault comparator. For more

information about the faults and protections can be found in thédPP1100 application note

Application note
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600 W DRHSC
Protections

L4

Protections  Fauk Configuration  Common Fauts  Pmbus Command protections

Fault0

‘Warmn Fault Response Retry Settings Delay Time
Voutovervoltage 135005y 14.00(3y |10 Disabie and Rety Mo retry 1 Wite
Vout under voltage 0000 > vy 0000 = y  00igoe No retry 1 Wrte
Output over current 580 = A 600 = A |11 Shadown and Rety Noretry ~ | Wee
Output under current 128.03/A  |00contnues to operate (Cont | | No retry 1 Wite
MFR Output over current fast 80.0 - A |11:Shutdown and Retry No retry 1 Wite
Vinovervoltage 31005y 32003 y | 10Dsable and Rety Noretry 1 Wte
Vinundervoltage 100 3V 050 2V  00knoe No retry h Wite
Overtemperature 900 ¢ € 12503 € 10Disable and Retry No retry 1 Wite
Under temperature 400 ¢ € 420 1 C 00:ignore No retry 1 Wite

the VOUT_UV_FAULT_LIMIT command sets the value of the output vottage at the sense or output pins that causes an output votage low  «
faukt. The Vaue s in the format set by VOUT_MODE

‘The VOUT_UV_FAULT_LIMIT command sets thveshold for the output volage low fauk. This fauk is masked unti the unt reaches the
votage. Th ng of the VOUT |

Select Loop [Loop 0 oK
Ready

L)

| Protections  Faut Configuration  Commen Fauts  Prmbus Command protections
. Fauk0o |
Voul Vin
faultd_vout_ov_fault_cnt fault0_vin_ov_faull_cnt

faultd_vout_ov_wam_cnt faultd_vin_ov_wam_cnt

faultd_vout_uv_wam_cnt

2
2

fauhtd_vout_uv_fault_cnt 2
2 faultd_vin_uv_wam_cnt
n

2
2
faultd_vin_uv_faull_cnt |3
2
n

faultd_vout_fault_hyst

faultd_vin_fault_hyst s asv
n
fault0_iout_oc. fault_cnt [4 foultd_iin_oc_fault_cnt |1
fault0_iout_oc_warn_cnt |4 feul_iin_oc_wam_cnt |1
Saul0_mir fout oc fest cnt [5 fault0_iin_fault_hyst 1 s 025
faultd_iout_uc_fault_cnt [2
faultd_jout_oc_fault_hyst ¢ H A Tempersture
faultD_iout_uc_fault_hyst ¢ 1A faultd_temp_fault_hyst 2 4| TS ADC Codes
Read Al
Select Loop  Loop 0 oK Cancel Apply —rc

Figure 45 Fault protections design tool
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Tested at Vin =60V, lout =0 A,@WP is 14.03 V.
ChZl 12V output
Ch2 Input voltage

B File | § Vertical | Timebase | | Trigger Cursors | Bl Measure | @ Math | 1% Analysis | X Utiities | @ Support

Vout /\
— ™

Measure P1max(C1) P2:max(C2) P3--- P P5--- P6--- PT--- PB---
value 14.03V 60.6V
status

500 V/div 20,0 v/divl !
900 mV of s} -59.000 V ;

TELEDYNE LECROY

Figure 46 Output OVP waveform at Vin =60 V, lout=0 A

8.2 /| ONJ &N
Tested at Vin =48 V, lout =50 A
Ch2 12V output voltage

Ch3: output current

Ch4: 3LFC PWM

Application note 46 V 1.
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600 W DRHSC
Protections

Utilities

sure Math  Analysis

Support

12 Vout
TR \
ouUT E
N\

3LFC PWM \\

T
L LR | -

T
Measure P1:max(C2) P2:max(C3) P3:max(C4) P4:min(C2) P5:slew(C2) P6:mean(C2) P7 Pg---
value 21V 669 A
status v v
2.00 Vidivj 20.0 Avdiv) 2.00 V/divi 100 ps/div)Stop  4.98V|
-6.1000 V| -62.000 A -6.1000 V| GS/s|Edge Neg|
TELEDYNE LECROY 12/7/2023 3:19:55 P11

Figure 47 Output OCP waveform at Vin = 48 V, lout = 5@ to overcurrent

8.3 / ONJON MBILN =CL=0OCN JLI

Tested at Vin =48V, lout = 50 A, the output was shorted with a load bank.
ChZl 12V output voltage
Ch3 3LFC PWM

Ch4: output current

N?=NClI

H

Bl File 3 Vertical » Timebase ! Trigger | @ Display # Cursors |l Measure & Math 1= Analysis ¥ Utiliies | @ Support
Vout. . .
N
lout \
’%
PWM
KN NN M MN N
Measure P1:max(C1) P2 P3:max(C4) P4:-- - P5:-- - PG~ - - P7---- Pg:-- -
value 1214V 2073A
status oo v
: Timebase 0 ps|[Trigger (5 19
5.00 Vidiv 2.00 Vidiv| 100 A/divy 12 Bits 50.0 ps/div| Stop 945V
-300 mV ofstf -2.9000 vV -102.00 AR " 2.5 Ms 5 GS/s|Edge Neg
TELEDYNE LECROY 6/22/2023 12:07:27 PM

Figure 48 Output short circuit waveform using load bank
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9.1 3=B?G; NC=M

XOFF1100
1
ev
Cc

FEheet

P100150

Thursday August 25, 2022

BVTO12V_REGULATED 7SC_3ILFC-DF_AUX_CS_P100150C-DSN

e | Document Number

Infineon Infineon Technologies Americas Corp
~ 101 N Pacific Coast Highway  El Segundo, California 80245

ato.

Jour Jowr
(OFPC Board (FAB)
P100150C

HouF

)

[see )

11 11, 115 11 11
T Jowr Jour frovr our four

8
3]
0%
£
3 33 g
H S = z g
] 5 E a
g g - g 8
& o8 g
5g ag ag

.

sa1_zsc »—‘E}
*
swi_zse >>|[
_25C >>—4+>':
swo_756 A

GQ4_7sC >>_¢:“ “‘}

ouF Jour four Foue

uF {HOUF [10uF {0uF [10uF fiOuF

£101 102 G103 104 G105 [£108 Gio0

ouF o
| S A R Al
Four frour T

Figure 49 DRHSC, ZSC 2:1 main power stage
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Figure 54 DRHSC, Main voltage sensing dividers and controller IC
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Figure 56 DRHSC, Main input/output connectors and test points
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