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Scope and purpose 

4BCM ;JJFC=;NCIH HIN? >?N;CFM NB? H?=?MM;LS =IHH?=NCIHM ;H> IJ?L;NCIH AOC>?FCH?M @IL )H@CH?IHӒM >?GI <I;L>ӆ 
The solution features a zero-voltage switching switched capacitor converter topology as a first stage, also 

known as ZSC converter with a fixed conversion ratio of 2:1. It is followed by a three-level flying capacitor dual 
phase stage that provides the 12 V regulated output. 

The main Infineon components used in the 600 W digital dual-stage regulated hybrid switched capacitor 

convertor (DR-HSC) are as follows: 

¶ 80 V OptiMOSԊ 5: IPT012N08N5, 80 V N-channel linear FET 1.2 mἈ, TOLL (HSOF-8), eFuse 

¶ 40 V OptiMOSԊ 6: IQE013N04LM6, 40 V 1.35 mἈ, PQFN 3.3 mm x 3.3 mm source-down, ZSC FETs  

¶ 25 V OptiMOSԊ 5: 25 V 1.1 mἈ, PQFN 3.3 x 3.3 mm fused lead, 3LFC FETs 

¶ 1EDN7550B: EiceDRIVERԊ 1EDN7550B, one channel non-isolated gate-driver 

¶ XDP710: XDP710 hot-swap controller, wide input voltage range (5.5 V to 80 V) system monitoring and 

protection IC 

¶ XDPP1100: The smallest digital power controller with PMBus interface 

Intended audience 

This document is intended for power engineers working on 48 V regulated DR-HSC hardware. 

  

http://www.infineon.com/
https://www.infineon.com/cms/en/applications/information-communication-technology/hyperscale-computing/48v-power-distribution/zsc-topology/?redirId=199267
https://www.infineon.com/cms/en/product/power/mosfet/n-channel/ipt012n08n5/
https://www.infineon.com/cms/en/product/power/mosfet/n-channel/iqe013n04lm6/
https://www.infineon.com/cms/en/product/power/mosfet/n-channel/bsz011ne2ls5i/
https://www.infineon.com/cms/en/product/power/gate-driver-ics/1edn7550b/
https://www.infineon.com/cms/en/product/power/dc-dc-converters/digital-power-controllers/xdp710-001/
https://www.infineon.com/cms/en/product/power/dc-dc-converters/digital-power-controllers/xdpp1100-q024/
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Introduction   

1 )HNLI>O=NCIH 

The rapidly increasing electricity consumption of modern data centers demands a continuous improvement at 

system and converter levels. In an attempt to reduce the conduction losses in DC bus distribution, recently, a 
48 V has been proposed to replace the existing 12 V bus voltage. To adapt the existing 12 V infrastructure to 
48 V, a DC-DC converter can provide the interface between the 48 V bus and the regulated 12 V rail. One of the 
biggest challenges in enabling artificial intelligence (AI) is designing a high-power density power architecture 

from 48 V bus voltage. In transformer-based converters, such as LLC and PSFB, the transformer also has a fixed 

core loss over the entire load range, limiting light-load and peak efficiency.  

If isolation is not required, an IBC composed of a 2:1 SC divider and regulated 2-phase, 3-level buck converter 
including a balancing inductor (to balance the flying capacitors of the 3-level buck stage) is proposed. The DR-
HSC converter is a novel two-stage approach where, 

¶ The first stage is a zero voltage switching (ZVS) SC converter called ZSC convertor, 

¶ The second stage is a dual-phase three-level flying capacitor (DP-3LFC) converter featuring an intrinsic 

flying capacitor balancing. 

1.1 $2ӛ(3# IJ?L;NCHA JLCH=CJF? 

The schematic of the DR-HSC is shown in Figure 1.  

 

Figure 1 Two-stage ZVS switched capacitor and three -level dual-phase buck converters with balancing 

inductor  (DR-HSC) 

The first stage, ZSC, consists of a half-bridge multilevel structure and a resonant series LC circuit. The capacitor 

ὅ and inductor ὒ  are placed in series and then in parallel with ὗ  to enable ZVS operation for all switches.  

The second stage, a dual-phase 3-level flying capacitor (DP-3LFC), consists of two multi-level half-bridges, two 

phase nodes are shorted together and the two phases are shifted by 180°. To achieve the voltage balancing of 
the fly capacitors, an additional balancing inductor ὒ  is added between the two positive terminals of the 
flying capacitor. The two phase nodes ὠὴρ and ὠ  are in phase and connected to a common output inductor 

ὒ . DP-3LFC is controlled such that, within a part of one switching cycle Ὕ , ὅ   and ὅ  are connected in 

series with the input voltage ὠ  and GND. Such a connection ensures that the voltage summation across the 
flying capacitors ὅ   and ὅ   is always the input voltage ὠ . However, by itself, the connection of the two 
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midpoints does not guarantee the flying capacitors balancing under all mismatch conditions, for example, 
MNLIHA A;N? >LCP?LӒM JLIJ;A;NCIH >?F;S GCMG;N=B. It is necessary to enforce the balancing action with an 
inductive component ὒ .  

To analyze the DP- 3LFC waveforms at 50% duty-cycle. In this operation mode, the output inductor ripple is 

almost zero because of the ὺ ȟὸḗὺ ὸ. This is of paramount importance to consider since this 

converter is designed for a 48 V to 12 V conversion ratio, therefore such a condition is the nominal one. If low 
Ὑ  for the first stage and low input voltage variation, the output inductor can be drastically reduced keeping 

low frequency operation (e.g., between 150 kHz to 250 kHz),  

The main waveform for the 2:1 ZSC stage is shown in Figure 2. The main waveform for the dual-phase three-

level flying capacitor buck converter DP-3LFC is shown in Figure 3. 

 

 

 

 

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 $0ӛғ,&# IJ?L;NCIH;F GI>?M 

The DP-3LFC converter stage is shown in Figure 3. One switching cycle Ὕ  cab be split into eight subintervals. 

The following is for an operation cycle with duty-cycle below 50%. The eight subintervals are described as 
follows: 

1. ὸ ὸ: at ὸ ὸ, both the switch ὗ and ὗ are turned on and the flying capacitor ὅ  is charged from 

the input and is connected with ὗ to the node phase ὠ  powering the output inductance, while ὅ  is 

discharged powering the output inductance ὒ  . In this phase, the output inductance is powered with 
ὺ ὺ  and from ὺ  ,respectively, from the source of ὗ and the drain of ὗ . During this phase 

the balancing inductor current rises from Ὅ
ȟ

 to Ὅ
ȟ

 with a slope of ὺ Ⱦὒ  . 

2. ὸ ὸ: at ὸ ὸ, both the switch ὗand ὗ are turned off.  

3. ὸ ὸ : at ὸ ὸ after a dead-time period Ὕ  , the switch ὗ and ὗ are turned on and the output 
inductance is discharged with a slope of ὠ Ⱦὒ  . The two flying capacitors ὅ   and ὅ   are kept to 

stable voltage levels ὺ ὸ and ὺ ὸ  respectively. During this phase, the Ὅ  current flows 

between ὗ and ὗ . 

4. ὸ ὸ: at ὸ ὸ , both the switch ὗ  and ὗ are turned off. 

5. ὸ ὸ: at ὸ ὸ ȟ after a dead-time period Ὕ  ȟ  both the switch ὗ and ὗ are turned on, the flying 

capacitor ὅ   now is charged from the input and is connected with ὗ to the node phase ὺ  powering 

the output inductance, while ὅ  is now discharging, powering the output inductance ὒ . In this phase 

the output inductance is powered from ὺ ὺ  and from ὺ  respectively from the source of ὗ and 
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the drain of ὗ  . During this phase the balancing inductor current falls from Ὅ
ȟ

 to Ὅ
ȟ

 with a slope 

of ὺ Ⱦὒ Ȣ  

6. ὸ ὸ: at ὸ ὸȟboth the switch ὗ  and ὗ are turned off. 

7. ὸ ὸ: at ὸ ὸ after a dead-time period Ὕ  ȟ both the switch ὗ and ὗ are turned on. In this phase, 

the output inductance is discharged with a slope of ὠ Ⱦὒ . The two flying capacitors ὅ   and ὅ   

are kept to a stable voltage level, ὺ ὸ  and ὺ ὸ , respectively. During this phase, the Ὥ  

current flows between ὗ and ὗ keeping a stable value of Ὅ
ȟ

 . 

8. ὸ ὸ: at ὸ ὸ , both the switch ὗ and ὗ are turned off. At ὸ ὸ switch Q  

From the converter operations illustrated above, it can be stated that any non-ideal behavior of the converter 

would be balanced by both converter symmetry and balancing inductor, without influencing the voltage loop 
since the mean value of ὠ ȟ is not affected. 

1.3 &FSCHA =;J;=CNIL PIFN;A? <;F;H=CHA CH $0ӛғ,&#  

The voltage stabilization of the flying capacitors to half of the input voltage is achieved through a capacitive 
and an inductive coupling between the two three-level flying capacitor phases, respectively from the phase 

node short and balancing inductor. 

The series connection of the two flying capacitors during the subintervals ὸ ὸ and  ὸ ὸ forces the sum of 
the two flying capacitors to be equal to the input voltage of the DP-3LFC stage. The main difference between 

subintervals ὸ ὸ and ὸ ὸ is that the capacitor ὅ   is at the bottom of the series connection while in 

ὸ ὸȟ  ὅ   is at the bottom of the series connection during the first interval. The voltage applied to the 

output inductor is equal to the voltage of the bottom capacitor ὠ
ȟ

 minus the output voltage during 

these phases. By assuming a certain voltage deviation between ὠ  and ὠ  : Ўὠ  
 
 

 
, it is 

possible to derive the time-dependent behavior of the re-balancing process from an initial voltage mismatch of 
Ўὠ : 

Ўὠὸ Ўὠ ϽὩ  

Equation 1  

Where, the time-constant  † of the balancing depends on various system parameters and can be described with 
sufficient accuracy by the following equation:  

†ḗ   

Equation 2  

Where, the resistance Ὑ   is the lumped resistance of the conduction path of the bottom capacitor to the 

output, while Ὢ
  

   is the resonant frequency and adjusted duty-cycle is: 
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Ὀ
ςϽὈ Ὀ πȢυ

ςϽρ Ὀ Ὀ πȢυ
 

Equation 3  

However, the capacitive charge distribution cannot keep the flying capacitors voltage stabilized during all the 
non-ideal mechanisms (e.g., strong driving delay imbalance). Therefore, to improve flying capacitor voltage 

balancing, an inductive component is required between the two 3LFC phases. The ὗ  is controlled by ‰  , 

whereas ὗ is controlled by ‰ , having the output inductor valley current always positive, and considering the 

flux balancing of the balancing inductor ὒ  , the following equation is valid: 

 

 z ȟ
 

Equation 4  

Where ὈὅὙ
 
 is the DC resistance of the balancing inductor. From Equation 4 it follows that the average 

voltage of ὠ  equals to ὠ , therefore ὠ   ὠ   when there is not a strong difference between 

Ὕ  and Ὕ  

When an unbalance is applied between the two phases of the 3LFC-DP converter, a DC current is built into the 
balancing inductor. Figure 4 shows the equivalent model of the DC current within the balancing inductor. 

 

Figure 4 Three-level dual-phase buck converters with equivalent balancing model  

 

If Ὕ  Ὕ , considering the converter is running and operating with positive valley current on the output 

inductor, the voltage of the flying capacitors will slightly drift from   , as shown in Equation 4. Balancing 
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inductor compensation would seek to discharge the ὅ  , when connected to ὠ  , discharging it when 

connected to ground potential, achieving the voltage balancing point as can be demonstrated with the 
following equation: 

ὗ ὗ  

Equation 5 

where ὗ  and ὗ  are respectively the net charges and discharges in the flying capacitor ὅ  ,can be 

expressed as: 

ὗ ᷿ ὸ  ȟ Ὠὸ 

Equation 6  

ὗ ᷿ ὸ  ȟ Ὠὸ 

Equation 7  

Equation 6 and Equation 7 are derived without considering MOSFET body diode conduction, ὠ  is the 

average voltage within one switching cycle across ὅ  . By combining Equation 4, Equation 6, and Equation 7, 

the DC current of the balancing inductor can be calculated with the following equation. 

Ὅ ȟ  Ὅ
 

 
ς

 

 
 

Equation 8  

To validate the voltage balancing of the flying capacitors, the test is done with the following conditions: 

¶ With and without the balancing inductor ὒ  

¶ To apply a strong unbalanced between the ‰  and ‰ , set the dead-time ‰  ςπÎÓ‰ . 

In the Figure 5(a), the test is done with the balancing inductor ὒ  adopted. It shows that the flying capacitors 

are kept at the same, the voltage results in a low ripple in the output inductor. In the Figure 5(b), the test is 
done without the balancing inductor ὒ . The two flying capacitors are drifting by 4.765 V from 30 V input 

voltage with an output current Ὅ  of 25 A.  
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(a) Vin = 60 V, Iout = 0 A, with the ὒ , 

                      ‰  ςπ ÎÓ‰   

 
 

(b) Vin = 60 V, Iout = 25 A, without the ὒ  

‰  ςπ ÎÓ‰  

Figure 5 Flying capacitor voltage balancing 

When the balancing inductor needs to compensate a non-ideal behavior of the 3LFC, as explained with 
Equation 8, a DC current is established within the balancing inductor.  

The balancing inductor current has been measured, without the unbalanced applied (e.g. ‰  ‰ ) and 

with the unbalanced applied (e.g., ‰  ςπ ÎÓ ‰ ). A DC current of 250 mA flows between two phases 

throughout the balancing inductor. The maximum current built  into balancing inductor is negligible with 

respect to the output current and therefore the balancing inductor is carrying mostly a small-sized AC current. 

 
 

(a) Vin = 60 V, Iout = 50 A 

               ‰  ‰  

 
 

(b) Vin = 60 V, Iout = 50 A              
        ‰  ςπ ÎÓ‰  

Figure 6 Balancing inductor current  
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2 "I;L> CH@ILG;NCIH  

2.1 $?M=LCJNCIH  

The 48 V regulated DR-HSC converter is InfineonӒM patented topology. The board is capable of power transfer 

from 48 V to 12 V regulated. The process of power transfer consists of the following two stages:  

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

voltage. 

2. A regulated dual-phase three-level flying capacitor stage, converting the 24 V Vmid down to 12 V Vout. A hot-

swap controller, XDP710, is incorporated for a safe soft-start to limit the inrush current and providing 
protection capabilities during operation.   

2.2 &?;NOL?M 

This system consists of three main blocks shown in Figure 7 and Figure 8. 

¶ The first block is the hot-swap stage that secures the converter against the bouncing of the input voltage 

and guarantees a safe soft startup.  

¶ The second block is acts as a voltage divider called a zero-voltage 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 dead-time over the full load range.  

¶ The last block is based on a regulated three-level flying capacitor dual phase converter. This stage uses 

voltage mode duty-cycle control algorithms to regulate the variable input voltage to a regulated 12 V rail.  

The board is capable of delivering 600 W continuous power over an input voltage range from 44 V ӝ 60 V. An 

auxiliary power supply to provide bias voltage for gate driver, 3.3 V and 6.5 V VDD during operation, with an 
output power higher than 300 W is required. A fan is required and should be placed next to the converter with 
about 100 CFM of airflow. The eFuse stage is controlled by a wide input voltage hot-swap controller XDP710, 

which drives a single N-channel MOSFET. In addition to a SOA controlled turn ON, the XDP710 provides 

continuous system health monitoring and communication to the main MCU via the PMBus interface. The ZSC 
and 3LFC-DF stages are driven and regulated by a digital controller, XDPP1100. XDPP1100 also controls the 
enable sequencing of the eFuse. The digital controls provide the utmost flexibility in design, efficiency, 

optimization, and customized FW capability to implement application add-on features. 
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Figure 7 Regulated 48 V to 12 V DR-HSC converter basic operation. 

 

Figure 8 DR-HSC block diagram 

2.3 2?@?L?H=? >?MCAH 

The reference design of the 600 W DR-HSC is shown in Figure 9. The top view is on the left and the bottom view 
is on the right. The 3D rendering of the PCB is shown in Figure 10. The board dimensions are 
ρρτ ÍÍ χχ ÍÍ ρυ ÍÍ. 
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Figure 9 Top and bottom side of the DR-HSC board 

 

Figure 10 3D PCB view of the DR-HSC Board 

Top and bottom views of the hardware demo board including the labeling of the main components are shown 
in Figure 11, Figure 12, and Figure 13.  
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Figure 11 Top-view of the demo board for the regulated 48 V to 12 V DR-HSC converter 

 

Figure 12 Bottom -view of the demo board for the regulated 48 V to 12 V DR-HSC converter 

 

  
 

 

 

                                 

 

 

2:1 ZSC Hot swap 3LFC-DP 
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Figure 13 Controller IC and aux power location of the hardware demonstrator  

2.4 "I;L> J;L;G?N?LM ;H> N?=BHC=;F >;N; 

¶ Input voltage range: +44 V to +60 V DC 

¶ Minimum VIN to turn on: 44 V 

¶ Airflow: 100 CFM (at maximum output current) 

¶ Protection features: input and output overvoltage, overtemperature, and overcurrent 

All other board parameters are summarized in Table 1. 

Table 1 Parameters and recommended operating conditions  

Parameter Symbol Min Typ Max Unit  

Input voltage range VIN_ON 44.0 48.0 60.0 V 

Output voltage VOUT 11.5 12.0 12.5 V 

Output power POUT ӝ 600 650 (10 ms) W 

Output current IOUT ӝ ӝ 50 A 

ZSC switching frequency fSW ӝ 630 ӝ kHz 

3LFC switching frequency fSW ӝ 250 ӝ kHz 

Output voltage ripple Vripple ӝ ӝ 130 mV 

 

 

  

3.3 V and 6.5 V PoL Controller IC (XDPP1100) 
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3 /J?L;NCHA CHMNLO=NCIHM 

3.1 )HJONӮIONJON =IHH?=NILM 

 

m

1

11

10 3 4 5 6 7 8 9

2

 

Figure 14 DR-HSC 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 3LFC-DF stage (PWM_PHB_NEG, PWM_PHB_POS, PWM_PHA_NEG, and 

PWM_PHA_POS) Differential positive and negative measurement point on the input (Vin). 

7. Differential positive and negative measurement point on the midpoint (24 V mid). 

8. Differential positive and negative measurement point on the output (12 Vout). 

9. ON/OFF switch for the 3LFC-DP 

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

3.2 0IQ?L M?KO?H=?  

1. Apply +12 V capable of 1 A at 12 V and GND (connector 3 shown in Figure 14). 

2. Set the 12 V output loading current to 0 A before the 12 V output is ready.  

3. Toggle the on/off switch of the converter if necessary. 
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4. Apply a DC voltage between 44 V and 60 V on the input lugs (Connector 1 shown in Figure 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 shown in Figure 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: Before turning on the main DC Vin, make sure +12 V AUX is reset by turning OFF/ON the 12 V AUX 
power supply. 

 

Figure 15 DR-HSC, basic startup, and power up sequence timing diagram 
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4 8$0җґҐ BINӛMQ;J =IHNLIFF?L 

The hot-swap controller XDP710 is capable of managing a controlled system turn ON and avoiding any inrush 
events by driving an external N-channel MOSFET within 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 incident. You can use the Infineon GUI XDP designer to configure the hot-swap 

controller. See the XDP710 application note for more information.  

In this board, an 80 V N-channel linear MOSFET IPT012N08N5 is controlled by the XDP710 hot-swap controller. 
The purpose of adopting the hot-swap controller is to limit the inrush current and implement the soft-start as 

the first stage 2:1 ZSC convertor operates in an open-loop mode. The dv/dt of the input voltage can be 

controlled so that the input voltage is delivered smoothly to the capacitor of the ZSC convertor. The SOA of the 

FET consists of a maximum allowed drain current that depends on its drain to source 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? &%4ӒM 3/!ӆ 

https://www.infineon.com/cms/en/product/power/dc-dc-converters/digital-power-controllers/xdp710-001/
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5 8$00ґґҐҐ >CACN;F JIQ?L =IHNLIFF?L 

5.1 8$00ґґҐҐ =IH@CAOL;NCIH  

The FW patch and optimized configuration are stored in the nonvolatile memory OTP. You can run the demo 

board by following the instructions in Section 3.2 without 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 can be modified an unlimited 

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 OTP. See the XDPP1100 application note for more information.  

This design uses XDPP1100-Q024, which is a 24-pin device and drives two loops. Therefore, the Loop1 PMBus 
commands are not visible if it auto-populates the device into the graphical user interface (GUI). You need to 
force the I2C/PMBus communication and add XDPP1100-Q040 (40-pin version) to configure the device.  

To verify the design tool, perform the following steps: 

1. Connect the I2C dongle to the I2C connector on the board.  

2. Load the design file (REF_600W_DR-HSC_XDPP.pcd). 

3. In the Options tab, check Force i2c/PMBus OK as shown in Figure 16.  

This step is mandatory as the device cannot be detected by using Auto populate . 

 

Figure 16 Load design file through GUI and read from the device 

4. Power up the board.  

The GUI will show a pop-up window automatically after establishing communication as shown in Figure 17. 

https://www.infineon.com/dgdl/Infineon-Application_guide_digital_power_controler_XDPP1100-ApplicationNotes-v02_00-EN.pdf?fileId=5546d46272e49d2a01730aa45d53481b
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Figure 17 Read from Device operation 

5. Click Read from Device 0x01.  

This will read the configuration file from XDPP1100. 

5.2 #IHNLIF FIIJ 

In the XDPP1100 GUI shown in Figure 18, use the XDPP1100-Q040 configuration for XDPP1100-Q024 to 

implement two digital control loops.  

¶ Loop0: Controls the regulated 3LFC and it is closed loop with VMC control mode. 

¶ Loop1: Controls the open-loop ZSC. 

Note: Both Loop0 and Loop1 are used to control the whole system and do not turn on/off either the ZSC 
MN;A? IL NB? Ȗ,&# MN;A? M?J;L;N?FS <S NB? 0-"OM =IGG;H> Ɉ/J?L;NCIHɉȻ 

 

Figure 18 XDPP1100-Q024 control loop 
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5.3 4IJIFIAS ;H> >?;>ӛNCG? =IH@CAOL;NCIH 

Loop0 controls the three-level flying capacitor buck (3LFC). Loop0 is configured to half-bridge (HB) topology to 
drive the interleaved 3LFC as shown in Figure 18. The control loop of the 3LFC is the same as Buck, D = VOUT/ 

VIN_3LFC. Here the input voltage of 3LFC is the output of the 2:1 ZSC, ½ VIN. When VOUT is higher than ½ VIN_3LFC or ¼ 

VIN, the duty-cycle is higher than 50%. The HB control loop has the same duty-cycle equation, and it could be 
used to control the 3LFC.  

The drawback of half-bridge topology is that the max duty-cycle of HB is limited to 100%. In other words, each 

3LFC phase duty-cycle is limited to 50%. When the output voltage is higher than ¼ VIN, the 3LFC stage loses 
regulation. To compensate for the duty-cycle limit, the PWM falling edge dead-time is used to extend the pulse 

width. XDPP1100 allows a maximum of 318.75 ns dead-time. 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% duty-cycle extension. 
This allows for regulation at 44 V input as shown in Figure 21. 

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

In the XDPP1100 GUI Topology design tool, configure the following parameters: 

¶ Loop0 3LFC: Configure the topology to half-bridge primary and center-tapped secondary, mapping the 
PWMs per HW connection. 

 

Figure 19 3LFC topology and control mode 
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Figure 20 3LFC dead-time and isolation delay  

 

Figure 21 3LFC dead-time configuration  

¶ Loop1 ZSC: Configure the topology to the half-bridge primary, mapping the PWMs per HW connection 
shown in the Figure 22. 

¶ ZSC dead-time configuration : The ZSC dead-time is not implemented in the command 0xCF 

PWM_DEADTIME shown in the Figure 23. However, it is implemented by using the MFR command 0xED 
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which defines the max duty-cycle. In this design, the value of the 0xED (max duty-cycle) is 0xF170 in the 
PMBus spreadsheet and the max duty-cycle is 92%. The dead-time can be calculated as given in the 
following equation:  

Ὠὸ
  

ᶻ
Ȣ
 φτὲί 

Equation 9  

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

 

Figure 22 ZSC topology and PWM mapping 

 

Figure 23 ZSC dead-time  
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5.4 0-"OM =IH@CAOL;NCIH 

The key PMBus commands are listed in Table 2 and Table 3.  

Table 2 Basic PMBus configuration for Loop0 (3LFC) 

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 0x1A Respond to operation on/off only  

20 VOUT_MODE 0x18 ӝ8 

21 VOUT_COMMAND 0x1800 24,000 V 

27 VOUT_TRANSITION_RATE 0xE810 2,000 mV/µs 

32 MAX_DUTY 0xF190 100.00 percent 

33 FREQUENCY_SWITCH 0x093B 630 kHz 

34 POWER_MODE 0x03 0x03 

 

5.5 )HJON PIFN;A? M?HM? 

The XDPP1100 uses PRISEN ADC to sense the input voltage through the resistor-divider R603, 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 shown in Figure 24.  

The vin_pwl_slope can be calculated by the following equation: 

Command Name Data Meaning 

00 PAGE 0x00 Page 0 

01 OPERATION 0x01 On 

02 ON_OFF_CONFIG 0x1F Respond to operation and EN pin, EN polarity 

active high 

20 VOUT_MODE 0x18 ӝ8 

21 VOUT_COMMAND 0x0C00 12,000 V 

24 VOUT_MAX 0x0F00 15,000 V 

27 VOUT_TRANSITION_RATE 0xE810 2,000 mV/µs 

29 VOUT_SCALE_LOOP ӝ 0.13043 

32 MAX_DUTY 0xF190 100.00 percent 

33 FREQUENCY_SWITCH 0x087D 250 kHz 

34 POWER_MODE 0x03 0x03 

61 TON_RISE F050 25.000 ms 

CD MFR_VRECT_SCALE ӝ 0.128906 

EA MFR_IOUT_APC  ӝ 0.353516 A  
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ὺὭὲͅὴύᾲίὰέὴὩ
Ў Ȣ

Ў
 

Equation 10  

The ЎVPRISEN /ЎVIN is the resistor scale of the PRISEN resistor-divider (R603, R604). To utilize the full input voltage 
range of TS ADC (1.2 V), it is recommended to set the scale of VIN resistor divider by: 

Ȣ

ͺ
 

Equation 11  

For example, for maximum 95 V input the VIN resistor-divider ratio is set to 1.2 V/95 V = 0.0126 V/V. To get this 

L;NCIӇ M?F?=N 2ҖҐғ ự ґҘҐ EἈӇ 2ҖҐҔ ự ғӆғ EἈӉ NB? ;=NO;F >CPC>?L L;NCI CM ҐӆҐґҘҐҐғӆ 

ὺὭὲͅὴύᾲίὰέὴὩ
Ȣ

Ȣ
ςρσσ 

Equation 12  

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

 

 

 

 

               

  

Figure 24 Input voltage sensing by PRISEN pin 

5.6 6GC> PIFN;A? M?HM? 

The XDPP1100 uses VRSEN/VRREF ADC to sense the middle point voltage (Vmid) through the resistor-divider 
R605, R606 shown in the Figure 25. The voltage is calculated based on the sensed VRSEN voltage. This is the 
3LFC input voltage shown in the Loop0 of the GUI.  



  

Application note 26 V 1.0 

  2024-04-24 

 

  

 

48 V to 12 V regulated convertor using the XDPԊ XDP710 eFuse 

and XDPP1100 digital controller 
600 W DR-HSC 

XDPP1100 digital power controller  

When configuring the Loop0, the MFR_VRECT_SCALE must be set to 2× of the resistor divider value, because in 
half-bridge topology, the FW calculates input of loop0 (VIN_3LFC) based on the following equation: 

623%.zς Ⱦ -&2ͅ62%#43ͅ#!,% z -&2ͅ42!.3&/2-%23ͅ#!,% 

Equation 13 

Setting MFR_VRECT_SCALE to 2× could cancel the factor of 2 in the equation.  

The pid_vrect_ref should be set to 12 V /0.32 V = 38 

0xCD MFR_VRECT_SCALE in Loop0 is calculated based on Vrect resistor-divider R605, R606.  

ὓὊὙͅὠὙὉὅὝὛͅὅὃὒὉ
Ȣ Џ

 Џ Ȣ Џ
ς πȢρςωσ 

Equation 14  

 

Figure 25 Vmid voltage sensing circuit  

5.7 /ONJON PIFN;A? M?HM? 

The output voltage is sensed at the VSEN pin through resistor-divider R607, R608 shown in the Figure 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_LOOP is 0.1304. 
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ὠὕὟὝͅὛὅὃὒὉὒͅὕὕὖ
Ȣ

Ȣ
πȢρσπτ 

Equation 15  

 

Figure 26 Output voltage sensing circuit  

5.8 &CLGQ;L? J;N=B 

5.8.1 %H;<F? MCAH;F I@ NB? ?&OM? 8$0җґҐ 

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 soft-start (e.g., signal enable for hot-swap controller). 
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5.8.2 3N;A? >C;AL;G 
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Ton_delay

Enable e-fuse 
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ZSC open loop operation 
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Fault shutdown?
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Fault shutdown?

Turn off e-fuse 
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Figure 27 ZSC (loop1) stage diagram 
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Loop0 is enabled by the standard enable logic in ROM code. The VIN_ON threshold of loop0 is set very low to 
3 V. The goal is to limit the inrush 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 Vo1 bus will be pulled up by the 

leakage current of the gate drivers. To prevent unexpected startup of 3LFC, e.g., without the enable converter, 
the VIN_ON threshold has to be set higher than the Vo1 voltage in the off state, which is around 2 V. 

During shutdown, loop0 (3LFC stage) switches to the forced duty cycle except in a fault shutdown scenario. This 

is controlled by an FW patch to discharge the Vo1 bus voltage. The FW keeps loop0 PWMs switching and only 
turn off PWMs when Vout is lower than a threshold defined by MFR_CONFIG_THRESHOLD. See 5.9.4 of the 
configuration guide for more information.  

In a fault shutdown, the PWM of both loop0 3LFC and loop1 ZSC would be pulled down immediately. The eFuse 
will be disabled except for undervoltage faults where soft shutdown is used.  

Loop1 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_DELAY to delay the turn-on of the eFuse (see 5.9.3 for configuration 
guide). 

5.8.3 %H;<F?Ӯ>CM;<F? :3# ӨFIIJґө ;H> ?&OM? 

¶ Config MP_SYNC (EN_EFUSE) as GPIO pin. Set sync_func=1, sync_ppen=1.  

¶ Set ramp1_force_duty (see 5.8.4, ramp1_force_duty_en=1 

5.8.3.1 %H;<F? :3# ;H> ?&OM? 

The following conditions need to be met to enable ZSC and eFuse.  

¶ ON_OFF_CONFIG and the EN, OPERATION enable converter. 

¶ Input voltage is higher than the VIN_ON threshold of loop1. Loop1 tlm1_vin_src_sel = 3, The input voltage is 

sensed at the PRISEN pin.  

¶ No fault shutdown. 

The EN is designed to control both loop0 and loop1 by the patch.  

The following sequence must be followed for the enable sequence. 

¶ Enable loop1 PWM output. The loop1 duty-cycle is set by ramp1_force_duty and is configured by 

MFR_MAX_DUTY.  

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

5.8.3.2 $CM;<F? :3# ;H> ?&OM? 

The following conditions need to be met for normal disable conditions. 

1. ON_OFF_CONFIG and the EN, OPERATION disable converter (loop1) 

2. VIN of loop1 is lower than the VIN_OFF threshold. 

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 PWM switching of both loop 0 and loop 1 until Vout of loop0 is lower than MFR_CONFIG_THRESHOLD.  
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The following sequence must be followed for the fault disable sequence at fault shutdown. 

¶ Turn-off eFuse (MP_SYNC low) and shutdown all PWMs immediately. 

5.8.4 :3# @IL=? >ONSӛ=S=F? =IHNLIF 

Set ramp1_force_duty = MFR_MAX_DUTY / (2 -̂8*100) 

The ramp1_force_duty is updated at device power-up 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? 6/54ӥ56 @;OFN ;N =IHP?LN?L ?H;<F?ӆ  

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?KO?H=? I@ $2ӛ(3#  

The main startup waveform is shown in Figure 28.  

For reference, the definition of the waveforms is as follows: 

¶ ὠ : Actual input voltage before eFuse. Sensed with PRISEN ADC. 

¶ ὠὭὲͅ: Input voltage of ZSC and output voltage of eFuse FET.  

¶ ὠέόὸ or ὠὭὲ : Output voltage of ZSC which is the input voltage of 3LFC-DP, sensed with VRSEN 

ADC. 

¶ ὠ  : Output voltage of 3LFC-DP (output voltage of loop0). Sensed by fast ADC VSEN. 

¶ Ὁὔ: Digital enable of converter (connected to MP_EN GPIO[0]). 

¶ Ὁὔ  : Digital signal from XDPP1100 MP_SYNC pin to enable eFuse controller XDP710 startup  

The following procedure describes the startup sequence. 

1. Apply Vin 48 V, no load. 

2. The loop1 PWM starts switching at a fixed duty cycle as described in section 5.8.4. 

3. After a defined delay Ὁὔ  (e.g., set with MFR_CONFIG_DELAY = 0)-enabled 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 stage 3LFC-DP 
stars switching.  
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Figure 28 Startup sequence 

5.8.7 3BON>IQH M?KO?H=? I@ $2ӛ(3#  

Waveforms references are shown in Figure 29. 

The following procedures describe the nominal shutdown sequence. 

1. When the Vin voltage is below the VIN_OFF threshold defined by MFR_48V_OFF_THRESH (0xB2), the 
Ὁὔ  signal goes down. The PWM of ZSC keeps switching at fixed duty-cycle as in nominal operation 

when the PWM of the 3LFC-DP keep switching, modulating the output voltage following shutdown ramp. 

2. When the output voltage of loop0 reaches the output voltage off ὠ  defined by the 

MFR_CONFIG_THRESHOLD(0xE5), both loops stop switching. 
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Figure 29 Shutdown sequence 

5.9 -&2 =IGG;H>M 

5.9.1 -&2ӥҔҘ6ӥ/.ӥ4(2%3( 

The MFR_48V_ON_THRESH sets the eFuse turn-on 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 

B1h MFR_48V_ON_THRESH Write word  Read word  2  Linear 11 

Example: MFR_48V_ON_THRESH = 0xF0B0. Sets the turn-on threshold to 44 V.  

5.9.2 -&2ӥҔҘ6ӥ/&&ӥ4(2%3( 

The MFR_48V_OFF_THRESH sets the E-FUSE turn-off 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_THRESH Write word  Read word  2  Linear 11 

Example: MFR_48V_ON_THRESH = 0xF0A8. Sets the turn-off threshold to 42 V. 
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5.9.3 -&2ӥ#/.&)'ӥ$%,!9 

The MFR_CONFIG_DELAY command sets the E-FUSE turn-on delay. This command has two data bytes in the 
LINEAR11 data format. eFuse turn-on delay = MFR_CONFIG_DELAY * 10 µs + 20 µs.  

Table 6 MFR_CONFIG_DELAY 

Command code  Command name  Write Tx  Read Tx  Bytes  Format 

E8h MFR_CONFIG_DELAY Write word  Read word  2  Linear 11 

Example: MFR_CONFIG_DELAY = 0xF805H = 2.5D, the eFuse turn-on delay is 45 µs. 

5.9.4 -&2ӥ#/.&)'ӥ4(2%3(/,$ 

The MFR_CONFIG_THRESHOLD sets the ZSC PWM shutdown threshold in normal shutdown. 

Table 7 MFR_CONFIG_THRESHOLD 

Command code  Command name  Write Tx  Read Tx  Bytes  Format 

E5h MFR_CONFIG_THRESHOLD Write word  Read word  2  Linear11, Unit V 

Example: MFR_CONFIG_THRESHOLD = 0xA333H = 0.2D, will set the shutdown threshold to 0.2 V. The shutdown 
occurs at VOUT = 0.2 V.  

5.9.5 -&2ӥ-!8ӥ$549 

The MFR_MAX_DUTY defines the max duty-cycle of the ZSC. This command has two data bytes in the LINEAR11 

data format. 

Table 8 MFR_MAX_DUTY 

Command code  Command name  Write Tx  Read Tx  Bytes  Format 

EDh MFR_MAX_DUTY Write word  Read word 2 Linear 11 

Example: MFR _MAX_DUTY = 0xF170, set the ZSC PWM maximum duty-cycle to 92%.  
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6 2?AOF;NCIH ;H> N?F?G?NLS 

6.1 ,CH? ;H> FI;> L?AOF;NCIH 

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.  

Figure 30 Line and load regulation  

6.2 )HJON PIFN;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.  

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

The output voltage telemetry was measured at 44 V, 48 V, and 60 V input at 0 A, 10 A, 20 A, 30 A, 40 A, and 50A 
load. 

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. Fine-tuning 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 buck-derived topology. In this case, an op-amp 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 resistance increases 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 the Figure 33, the current sensing is not accurate at light load. To improve the 

sensing accuracy at light load, change the op-amp U46 from ADM4073T to LMP8481 and connect 1.2 VDD of 
XDPP1100 to the REF pin of the LMP8481. With this change, the reverse current is sensed correctly.  
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Figure 33 Output current telemetry reading accuracy  
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7 3SMN?G J?L@ILG;H=? 

7.1 -;CH IJ?L;NCIH Q;P?@ILG  

The DR-HSC board consists of an unregulated and a regulated stage.  

The unregulated ZSC stage switches at around 630 kHz with 50% duty-cycle and a fixed dead-time. 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 

frequency of 250 kHz. One major advantage of the topology is that the inductor is facing twice the switching 
frequency (fsw) and only half of the input voltage (Vmid). This allows to use a very small inductor value, without 

increasing the current ripple and core losses in the inductor. Another benefit is that if Vmid/2 is exactly Vout, the 
inductor sees no ripple current and therefore has very low core losses. That means the most efficient operation 

point for the converter is when Vin = 48 V, Vmid = 24 V, and Vout = 12 V. Overall, the solution can achieve high power 
density and high efficiency, and is very flexible in how a design can be implemented.  

Figure 34 3LFC-DP, basic operation waveforms showing the phase node voltage and the ripple voltage 

on Cfly1 and Cfly2 and according to PWM signals at Vin = 48 V @Iout = 40 A.  
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7.2 3N;LNOJ ;H> MBON>IQH 

In Figure 35, startup main waveforms of the regulated 48 V to 12 V DR-HSC converter, at Vin = 48 V and 60 V, Iout 
= 0 A are shown. 

 
Vin =48 V, Iout = 0 A 

 
Vin = 60 V, Iout = 0 A 

Figure 35 Startup behavior  

The shutdown main waveforms, from Vin 48 V, are shown in the following figure. When the VIN goes below 
Vinmin ,the eFuse is turned off and the ZSC and 3LFC-DP are keep switching till Vout goes below Voff_th = 2 V. To 

make sure that Vmid capacitors and ZSC capacitors are completely discharged to zero, the ZSC stage keeps 
switching after the shutdown. 

 

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

7.3 /ONJON LCJJF? ;H> HICM? 

The voltage ripple in steady state is less than 130 mV at different input and output current.  
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¶ Cout = 14 x GRM31CD71H106KE11 22 µF ceramic + 2 x EEE-FK1C221V 220 µF electrolytic  

¶ Vin = 48 V, Iout  = 0 A 

 
Vin = 48 V, Iout = 0 A,  

Ripple = 32.1 mV, time base = 20 µs/div 

 
Vin = 48 V, Iout = 0 A,  

Ripple = 51.7 mV, time base = 10 ms/div 

Figure 37 Output ripple at Vin =48 V, Iout = 0 A 

¶ Vin = 48 V, Iout  = 50 A 

 
Vin =48 V, Iout = 50 A,  

ripple = 30.1 mV, time base = 2 µs/div 

 
Vin =48 V, Iout = 50 A,  

ripple = 70.6 mV, time base = 10 ms/div 

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

¶ Vin = 60 V, Iout  = 0 A 
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Vin = 60 V, Iout = 0 Ac,  

ripple = 82.7 mV, time base = 2 µs/div 

 
Vin = 60 V, Iout = 0 A,  

Ripple = 117.9 mV, time base = 10 ms/div 

Figure 39 Output ripple at Vin = 60 V, Iout = 0 A  

¶ Vin = 60 V, Iout  = 50 A 

 
Vin = 60 V, Iout = 50 A 

Ripple = 78.6 mV, time base = 2 µs/div 

 
Vin = 60 V, Iout = 50 A 

ripple = 118.1 mV, time base = 10 ms/div 

Figure 40 Output ripple at Vin = 60 V, 50 A 

7.4 ,I;> NL;HMC?HNM 

The E-load transition rate is set to 1 A/µs. 

¶ Vin = 48 V 

¶ CH2: 12 V output, CH4: output current 

¶ Transient done from 0 A to 2 5A, the min voltage is 11.549 V, the max voltage is 12.274 V  

¶ Transient done from 25 A to 50 A, the min voltage is 11.688 V, the max voltage is 12.308 V  

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

¶ Transient done from 0 A to 50 A, the min voltage is 11.561 V, the max voltage is 12.343 V  
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Vin = 48 V, Iout 0 A to 25 A 

 
Vin = 48 V, Iout 25 A to 50 A 

 
Vin = 48 V, Iout 5 A to 45 A 

 
Vin = 48 V, Iout 0 A to 50 A 

Figure 41 Load transient at Vin = 48 V 

¶ Vin = 60 V 

¶ CH2: 12 V output, CH4: Output current 

¶ 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  

 
Vin = 60 V, Iout 0 A to 25 A 

 
Vin = 60 V, Iout 25 A to 50 A 
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Vin = 60 V, Iout 5 A to 4 5A 

 
Vin = 60 V,Iout 0 A to 50 A 

Figure 42 Load transient at Vin = 60 V 

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

In Figure 43, the efficiency is tested at Vin = 44 V, 48 V, 54 V, and 60 V. The measured efficiency over different Vin 

voltages including AUX supply losses (PoL6.5 V and 3.3 V, controller IC, driver IC). Hot swap switch conduction 
losses are not included in the graph. 

Figure 43 Measured efficiency 

 

93.0%

93.5%

94.0%

94.5%

95.0%

95.5%

96.0%

96.5%

97.0%

97.5%

98.0%

98.5%

0 5 10 15 20 25 30 35 40 45 50

Measured Efficiency 

Efficiency @ 44V

Efficiency @ 48V

Efficiency @ 54V

Efficiency @ 60V

IOUT [ A ] 



  

Application note 43 V 1.0 

  2024-04-24 

 

  

 

48 V to 12 V regulated convertor using the XDPԊ XDP710 eFuse 

and XDPP1100 digital controller 
600 W DR-HSC 

System performance  

7.6 4B?LG;F CG;A? 

The thermal image was taken at Vin = 48 V, Iout = 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.  

 

Figure 44 Thermal performance 
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8 0LIN?=NCIHM 

In this section, the input and output fault protections are verified. 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  

(PMBus configurable) 

Unit  

Output overvoltage 

Loop0 

Fault limit threshold 14 V 

Warn limit threshold 13.5 V 

Fault response Disable and retry, no retry ӝ 

Output undervoltage 

Loop0 

Fault limit threshold 0 V 

Warn limit threshold 0 V 

Fault response Ignore fault ӝ 

Output overcurrent 

Loop0 

Fault limit threshold 60 A 

Warn limit threshold 58 A 

Fault response Shutdown and retry ӝ 

Output undercurrent 

Loop0 

Fault limit threshold ӝ128 A 

Fault response Continues to operate 

(Constant-current) 

ӝ 

Overtemperature 

Loop0 

Fault limit threshold 125  °C 

Warn limit threshold 90 °C 

Fault response Disable and retry ӝ 

Undertemperature 

Loop0 

Fault limit threshold ӝ42 °C 

Warn limit threshold ӝ40 °C 

Fault response Ignore fault ӝ 

Output overcurrent fast 
fault or short circuit 

(Loop0) 

Fault limit threshold 80 A 

Fault response Shut down and no retry ӝ 

Input overvoltage 

Loop1 

Fault limit threshold 66 V 

Warn limit threshold 65 V 

Fault response Ignore fault ӝ 

Input undervoltage 

Loop1 

Fault limit threshold 2 V 

Warn limit threshold 2.5 V 

Fault response Ignore fault ӝ 

The fault threshold and response can be configured by the design tool Fault Protections . XDPP1100 also 
allows the user to configure the sensitivity of the fault detection. The Fault 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 the XDPP1100 application note.  

https://www.infineon.com/dgdl/Infineon-Application_guide_digital_power_controler_XDPP1100-ApplicationNotes-v02_00-EN.pdf?fileId=5546d46272e49d2a01730aa45d53481b


  

Application note 45 V 1.0 

  2024-04-24 

 

  

 

48 V to 12 V regulated convertor using the XDPԊ XDP710 eFuse 

and XDPP1100 digital controller 
600 W DR-HSC 

Protections   

  
   

Figure 45 Fault protections design tool  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Application note 46 V 1.0 

  2024-04-24 

 

  

 

48 V to 12 V regulated convertor using the XDPԊ XDP710 eFuse 

and XDPP1100 digital controller 
600 W DR-HSC 

Protections   

8.1 /ONJON /60 

Tested at Vin = 60 V, Iout = 0 A, the OVP is 14.03 V. 

Ch1: 12 V output 

Ch2: Input voltage 

 

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

8.2 /ONJON /#0 

Tested at Vin = 48 V, Iout = 50 A 

Ch2: 12 V output voltage 

Ch3: output current 

Ch4: 3LFC PWM 
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Figure 47 Output OCP waveform at Vin = 48 V, Iout = 50 A to overcurrent 

8.3 /ONJON MBILN =CL=OCN JLIN?=NCIH 

Tested at Vin = 48 V, Iout = 50 A, the output was shorted with a load bank. 

Ch1: 12 V output voltage 

Ch3: 3LFC PWM 

Ch4: output current 

 

Figure 48 Output short circuit waveform using load bank  
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9 3SMN?G >?MCAH 

9.1 3=B?G;NC=M 

 

Figure 49 DR-HSC, ZSC 2:1 main power stage 
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Figure 50 DR-HSC, 3LFC-DP main power stage 
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Figure 51 DR-HSC, 2:1 ZSC driver circuit including charge pump 
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Figure 52 DR-HSC, 3LFC-DP driver circuit  
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Figure 53 DR-HSC, eFuse circuit on the 48 V input side 
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Figure 54 DR-HSC, Main voltage sensing dividers and controller IC 
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Figure 55 DR-HSC, PoL for 3.3 V (controller) and 6.5 V (driver supply) 
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Figure 56 DR-HSC, Main input/output connectors and test points 

 

 


















