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600 W FB-FB quarter brick using the XDPP1100 

digital controller  

48 V-to -12 V voltage mode control with flux balancing  

Scope and purpose 

This document describes the design and performance of a digitally controlled isolated 600 W full-bridge to full-
bridge rectification converter with Voltage Mode Control (VMC). The quarter-brick has a main power stage that 

converts 42 V to 75 V to 12 V output and an auxiliary power supply to provide bias voltage for a primary gate 

driver, secondary gate driver and 3.3 V VDD. The XDPP1100 is a digital controller based on a 32-bit, 100 MHz 

ARM® CortexԊ-M0 RISC microprocessor with analog/mixed-signal capabilities. It has 64 kB OTP, 32 kB RAM and 

80 kB ROM memories. The digital controls provide the utmost flexibility in design, efficiency, optimization and 
flux balance (as an alternative to Peak Current Mode Control, PCMC) to avoid DC flux walk-away. This 600 W 

evaluation unit follows the DOSA mechanical outline for high-current quarter-bricks. 

The main Infineon components used in the 600 W digital FB-FB quarter-brick are: 

¶ XDPP1100 8$0Ԋ )$# digital controller 

¶ 100 V OpNC-/3Ԋ ҕ BSC050N10NS5, 100 V ҕ GἈ, SuperS08 power transistors 

¶ 40 V /JNC-/3Ԋ Җ BSC010N04LS6, 40 V 1 GἈ, SuperS08 power transistors 

¶ %C=?$2)6%2Ԋ Ғ%$&җҒҗҕ+ ӝ InfineonӒM isolated dual gate driver 
 

 

 

Figure 1 Infineon 600 W digital FB-FB quarter -brick  evaluation unit outline  

http://www.infineon.com/
https://www.infineon.com/cms/en/product/power/mosfet/12v-300v-n-channel-power-mosfet/bsc050n10ns5/
https://www.infineon.com/cms/en/product/power/mosfet/12v-300v-n-channel-power-mosfet/bsc010n04ls6/
https://www.infineon.com/cms/en/product/power/gate-driver-ics/2edf7275k/
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1 ";=EALIOH> ;H> MSMN?G >?M=LCJNCIH 

The trend in SMPS in recent years has been toward increased power density with optimized cost. Table 1 shows 
the comparison of major topologies of the telecom bricks that convert 48 V input to 12 V output.  

High efficiency is a key parameter in achieving this increasing power density, because heat dissipation must be 
minimized. Furthermore, higher efficiency directly impacts the ownership cost during the lifetime of the 
converter. Toward this goal, full-bridge to full-bridge topologies are often considered to be the best approach 

in the 600 W to 800 W power range.  

This document describes the system and hardware of the digitally controlled isolated 600 W full-bridge to full-
bridge quarter-brick. With the digital controller XDPP1100, the dead-time can be optimized for the best 
efficiency; the Feed-Forward (FF) is achieved with secondary Voltage Sensing; the flux balancing enables VMC 

without using DC blocking capacitors; the enhanced protection features eliminate external fault comparators; 

the active current sharing makes the system scalable for higher power with parallel modules.  

For further information on Infineon semiconductors see the Infineon website, as well as the Infineon evaluation 

board search tool, and the different websites for the different implemented components: 

¶ OptiMOSԊ power MOSFETs 

¶ Gate driver ICs 

¶ 8$0Ԋ 3-03 microcontrollers 

Table 1 Major topologies of telecom bricks (quarter -brick  and eighth -brick)  

Topology Circuit  Cost/complexity  Efficiency Output  

power 
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reference to 
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http://www.infineon.com/
https://www.infineon.com/cms/en/tools/solution-finder/product-finder/evaluation-board/
https://www.infineon.com/cms/en/tools/solution-finder/product-finder/evaluation-board/
https://www.infineon.com/cms/en/product/power/mosfet/20v-300v-n-channel-power-mosfet/40v-75v-n-channel-power-mosfet/
https://www.infineon.com/cms/en/product/power/gate-driver-ics/
https://www.infineon.com/cms/en/product/power/ac-dc-power-conversion/ac-dc-pwm-pfc-controller/digital-pfc-llc-combo-ic/
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1.1 3SMN?G >?M=LCJNCIH 

The 600 W isolated FB-FB quarter-brick DC-DC converter is a new generation of digital controlled DC to DC 
power module designed to support telecom 12 V DC intermediate bus applications. The Infineon evaluation 

unit operates from an input voltage range of 36 to 75 V DC and provides up to 600 W output power. Note, below 

42 V DC the converter will lose 12 V DC regulation and will drop to around 10.8 V at 36 V input. But it still 
provides the same output current. The output is fully isolated from the input, allowing versatile polarity 
configurations and grounding connections to the input and output terminals. The 600 W digital FB-FB quarter-
brick design consists of a primary-side full-bridge converter with SR in full-bridge configuration switching at 

250 kHz, with an Infineon-designed CDL lossless snubber used on the secondary side. The isolated gate driver 
2EDF7275K is used on both the primary and secondary side to simplify the Bill of Materials (BOM) and reduce 
inventory management cost, as shown in the block diagram (Figure 2).  
 

 

Figure 2 Infineon 600 W digital FB-FB evaluation  board ӝ simplified  block diagram  

The loop control is implemented with Infineon XDPP1100-Q040. The XDPP1100 is a digital power supply 

controller with analog/mixed-signal capabilities, on-chip memories and communication peripherals. The 

device is specifically optimized to enhance the performance of isolated DC-DC applications and reduce the 
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solution component count in the telecom brick converters. It has a -40°C to 125°C operational temperature 

range. 

The XDPP1100 supports both VMC and PCMC. This 600 W demo board could be configured to operate in either 

VMC or PCMC. This document describes VMC. When configured to VMC, flux balancing  is enabled.  

The voltage sense ADC is an 11-bit ADC with 50 MHz sampling rate. The ADC resolution is 1.25 mV and enhanced 
with 3-bit digital modulation for output voltage regulation. This gives 156 µV resolution at the sense pin and 
1.58 mV resolution at the 12 V output with a scale of 0.099. The hardware resolution limits the highest 

resolution the board can achieve. Hence, setting PMBus command VOUT_MODE to -10 (resolution 0.976 mV), -
11 (resolution 0.488 mV) or -12 (resolution 0.244 mV) will give the same result. This design configures 

VOUT_MODE = -12.  

The voltage ADC is also designed to sense a high-frequency switching signal and makes it perfectly suited to 

sensing the input voltage from the transformer secondary side at the switching node Vrect. This eliminates the 

use of an isolated op-amp or other types of isolator for input voltage sensing. The input voltage is computed 
based on the resistor-divider ratio and transformer turns ratio. The information is used for VIN telemetry, 
protection and feed-forward compensation. When the voltage ADC is configured as Vrect sense mode, it senses 

both the amplitude of the voltage and the duration of the pulse. This feature is used for the volt-second flux 

balancing control.  

The current sense ADC is 9-bit ADC with 25 MHz sampling rate. Exceptional noise immunity is achieved by the 
use of the internal current estimator. Based on the state of the PWM pulse, the controller continuously predicts 

DC and ripple current. The result of the prediction is combined with the actual measured current to be 
processed by the controller. Hence, the instantaneous noise in the measurement can be filtered out without 

losing the valuable ripple current information.  

It can also sense input voltage through the telemetry ADC input (PRISEN pin) before switching starts up. In this 

design, the input voltage information is taken from the bias power supply. The gain and offset of the PRISEN 
voltage sense can be configured by two registers for accurate VIN telemetry. The telemetry ADC is a 9-bit ADC 
with a sample frequency of 1 MHz. The telemetry ADC block consists of eight channels and can be configured to 

digitize voltages, currents, impedance and temperature.  

The XDPP1100 has two temperature sense channels. In this design, ATSEN senses PCB shunt resistor 

temperature and is used for current sense temperature compensation. BTSEN senses SR MOSFET temperature 
and is used for over-temperature protection.  

The XDPP1100 has two address pins. A resistor between the address pin and ground programs the address 
offset of the device. Each address pin supports an 8-valent or 16-valent address table. When more than one 

quarter-brick module is connected in parallel, the address offset enables the system to communicate and 
program multiple devices via the same I2C bus. The address offset resistor is not populated on the brick board 

and it is usually programmed by the resistor on the system board.  

Outstanding efficiency can be achieved by using a 100 V OptiMOSԊ 5 in a SuperS08 package at the primary 

together with a 40 V OptiMOSԊ 6 in a SuperS08 package for secondary sync FETs. The outstanding performance 
of these semiconductor technologies, and the planar magnetic construction, enables power density in the 
range of 22 W/cm³ (360 W/in³). The board was designed as a testing platform, with easy access to probe test 
points, and easy reworking/replacement of components. 

1.2 3SH= L?=NC@C?L NCGCHA 

The secondary sync rectifier timing is critical in telecom brick design for efficiency optimization. The isolator 
delay must be taken into account along with the propagation delays in drivers to make sure there is no shoot-
through between the primary and the secondary opposite phases. The dead-time of the sync rectification 

should be set as small as possible, to have the highest efficiency and minimize body diode conduction losses. 
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The ideal gate timing diagram is shown in Figure 3, and the bad gate timing diagram is shown in Figure 4 for 

reference. 

 

Figure 3 Ideal secondary gate timing example 

  

 

Figure 4 Bad gate timing example 

The beauty of digital control is that the parameters can be fine-tuned after the board hardware is fixed. The 
XDPP1100 enables separate configuration of the dead-time for each PWM output. The rising edge and falling 

edge delay can be programmed independently. See section 3.1.6 for details. Dynamic dead-time can be 

implemented by firmware (FW) to further improve efficiency over the full load range. 
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2 0IQ?L <I;L> CH@ILG;NCIH  

 

2.1 3J?=C@C=;NCIH 

The specification of the 600 W FB-FB board is shown in Table 2.  

Table 2 Specification  

 Min. Typ. Max. Unit 

Input voltage range 36  75 V 

VIN turn-on threshold 33   V 

VIN turn-off threshold  32   V 

Maximum input current (100 percent load, 42 VIN)   16 A 

Output voltage (at VIN = 42 V to 72 V)  12  V 

Output current    50 A 

Recommended output capacitor  1000  10000 µF 

Output voltage load regulation (VIN = 48 V)  ±30 ±80 mV 

Output voltage line regulation (IOUT = 0 A)  ±50  mV 

Output voltage regulation over-temperature  

(VIN = 48 V, Tc = -40°C to 85°C ) 

 ±100  mV 

Output voltage ripple (peak-to-peak at full load)  

With 1000 µF output capacitor 

  240 mV 

Load transient (48 VIN, 1000 µF and 10 µF, 1 A/µs) 

50 percent to 75 percent load 

 ±300  mV 

Load transient settling time  100  µs  

VOUT over-voltage protection  13.2  V 

Switching frequency  250  kHz 

Frequency set-point accuracy -1  1 % 

External sync tolerance  -6  6 % 

Logic output high 2.6   V 

Logic output low   0.4 V 

Logic input high 1.2   V 

Logic input low   0.8 V 

Efficiency at 48 V, half load  96.2  % 

Operating temperature (ambient) -40  80 °C 

Isolation voltage  1500  V 

Monitoring accuracy ӝ READ_VIN -0.5  0.5 V 

Monitoring accuracy ӝ READ_VOUT -10  10 mV 

Monitoring accuracy ӝ READ_IOUT -1  1 A 

Monitoring accuracy ӝ READ_TEMPERATURE -5  5 °C  
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2.2 3=B?G;NC= 

Figure 5 is the schematic of the power stage of the 12 V/50 A FB-FB converter. Primary MOSFETs are 100 V/5 mʍ 

OptiMOSTM BSC050N10NS5ATMA. Infineon isolated gate driver 2EDF7275K is used to drive primary MOSFETs. 

The 2EDF7275K provides 1.5 kV functional isolation and 4 A/8 A gate driver capability. The secondary SR uses 

two 40 V/1 mʍ BSC010N04LS6 in parallel at each location. The SR MOSFETs are also driven by 2EDF7275K to 
simplify the BOM.  

A planar transformer is used for the lowest board profile. The transformer core is ML95S EQ25 + plate from 
Hitachi Metals. The transformer turns ratio is 3:1. Transformer construction is shown in Figure 12. 
 

 

Figure 5 600 W 12 V/50 A FB-FB power stage schematic  

The schematic of control circuit and auxiliary power supply is shown in Figure 6. 

In this reference design, the XDPP1100-Q040 digital controller enables one loop in VMC. The output voltage is 

sensed by VSEN/VREF ADC. The other ADC VRSEN/VRREF is used to sense the input voltage through the 

transformer secondary winding. There are two high-speed current ADCs. AISEN is used to sense primary 
current, BISEN is used to sense the output current. For the VMC, only BISEN of the secondary current sense is 

enabled. The same power board also can be configured as PCMC, which enables both AISEN and BISEN. This 
will be described in another document.  

XDPP1100 devices can be configured with an easy-to-use Graphical User Interface (GUI). The software can be 
downloaded from the Infineon website.  
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Figure 6 XDPP1100 control circuit  schematic  

2.3 4?MN @CRNOL? 

The quarter-brick test fixture is the test platform for the quarter-brick. It provides power connection terminals, 

communication and debugging ports, as well as a cooling fan.  

Figure 7 shows the schematic of the test fixture. It has an I2C connector for I2C and PMBus communication, and 
a SWD debugger port for FW debugging. The fan should be biased with external DC power supply, in the 5 V to 
12 V range for different airflow. This bias is necessary to enable communication with the XDPP1100 to the USB 

dongle. 

The switch SW1 at the primary is the enable switch to turn on the quarter-brick. Please pay attention that the 

JIF;LCNS I@ NB? ?H;<F? =;H <? =IH@CAOL?> <S 0-"OM =IGG;H> /.ӥ/&&ӥ#/.&)'ӆ )@ %. ӓ;=NCP? FIQӔ CM JL?@?LL?>Ӈ 
the user should wrCN? 0-"OM =IGG;H> /.ӥ/&&ӥ#/.&)' ;H> =BIIM? NB? JIF;LCNS NI <? ӓ;=NCP? FIQӔӆ 7B?H 

ӓ;=NCP? FIQӔ CM M?F?=N?>Ӈ NB? IHӮI@@ F;<?F IH NB? N?MN @CRNOL? ;FCAHM QCNB NB? ;=NO;F IHӮI@@ MN;NOMӆ )@ ӓ;=NCP? BCABӔ CM 
selected, the on/off label shows opposite status.  

A 3.3 V LDO regulator on the test fixture provides pull-up voltage to the SDA/SCL I2C communication bus when 5 
to 12 V is applied to the external bias connector.  
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Figure 7 Test fixture schematic 

  

Figure 8 Test fixture external bias connector and I2C connection 

SCL SDA RTN 3.3V 
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Figure 9 Test fixture board connection  

Necessary connections to operate the board: 

¶ Connect the quarter-brick to the test fixture. Make sure the DC input, 12 V output and signal connector J6 

have good contact.  

¶ Connect input voltage to J1. 

¶ Connect E-load to J2 and J3. 

¶ Connect the bias fan with 5~12 V DC power supply at J4 (EXT BIAS). 

¶ Connect XDPP1100 USB dongle (USB007 revA) to J8. Find the direction by identifying the ground pin G (black 

wire). The blue wire of USB007A is not used and can be left floating. If using the isolated dongle USB007 
revB, the blue wire should be connected to the 3.3 V pin of J8.  

¶ Make sure the switch SW1 is in the off position 

¶ Turn on the 48 V input power supply. Minimum 35 V voltage is required to enable the auxiliary power supply. 

¶ When the auxiliary power supply is in operation, the 12 VS should have 10 V ±1 V voltage. 

¶ This demo board comes with a default patch and configuration stored in non-volatile memory (OTP) and 
can be turned on once the operation command is asserted from the XDPP1100 GUI.  

¶ )H IL>?L NI ;MM?LN NB? IJ?L;NCIH =IGG;H>Ӈ IJ?H 8$00ґґҐҐ '5) ;H> =FC=E IH ӓAuto populateӔӆ 4B? auto 
populate option is in the top-left corner just below the File option. Once auto populated, the GUI reads the 
configuration from the device.  

¶ Check if the PMBus commands are configured properly by reading VOUT_COMMAND. It should read 12 V. 

¶ 7LCN? ӓ/.Ӕ NI 0-"OM =IGG;H> ҐR01 OPERATION, and turn SW1 to the on position (the sequence is not 

critical). The converter should regulate 12 V output for an input voltage range of 42 to 75 V.  

0.001Ἀ  

0.01Ἀ  
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2.4 "I;L> F;SION 

The following layout guideline is recommended for the XDPP1100 controller.  

Within the allotted implementation area, orient the switching components first. The switching components are 

the most critical because they carry large amounts of energy and tend to generate high levels of noise. 

Switching component placement should take into account power dissipation. Align the output inductors and 
MOSFETs such that space between the components is minimized.  

Critical small-signal components including the VDD and VD12 decoupling capacitors, ISEN resistors, TSEN 
capacitors and voltage feedback RC filters should be placed near the controller. 

For each voltage sense and current sense input, i.e. VSEN/VREF, ISEN/IREF, route the signal and its reference in 

differential pairs (Kelvin connection).  

Avoid routing the VRSEN/VRREF, BVRSEN/BVRREF lines near any switching nodes, especially in dual-loop or 
two-phase applications. Unlike output voltage sensing, VRSEN measures pulse signal, MI CN =;HӒN OM? ; large 
filter to reduce noise. Keeping the trace shielded by ground plane is recommended. 

Avoid putting the current sense resistor or copper shunt next to any switching node. In high-gain current sense 

mode, put the XDPP1100 as close as possible to the sense resistor. One good practice is putting the XDPP1100 
on top of the sense resistor on the other side of the PCB. If a copper shunt is used for current sense, put the 
temperature sense NTC or sense diode close to the copper shunt for accurate temperature compensation.  

If low-gain mode is selected for current sense, put the current sense amplifier as close as possible to the shunt 
resistor. This method is best when used in noisy environments. 

Figure 10 and Figure 11 show the top and bottom of the 600 W FB-FB demo board.  
 

 

Figure 10 Assembly ӝ top  
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