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Scope and purpose 

This document introduces a complete Infineon system solution for an 800 W server power supply, which 
achieves the 80Plus® Platinum® standard. The power supply is composed of a Continuous Conduction Mode 

(CCM) Power Factor Correction (PFC) converter and a half-bridge LLC DC-DC converter. This document focuses 

on the necessary microcontroller configuration and the implemented control for adequate system 
performance, which is demonstrated with test results. 

The Infineon components used in the 800 W server power supply are: 

¶ 600 V CoolMOSÊ C7 superjunction MOSFET in TO-247 4-pin and TO-220 packages as well as 650 V CoolSiCÊ 
Schottky diode Gen5 

¶ 40 V and 25 V OptiMOSÊ 5 MOSFETs 

¶ 1EDI20N12AF isolated and 2EDN7524F non-isolated gate drivers (EiceDRIVERÊ) 

¶ XMC1402 and XMC4200 microcontrollers 

¶ )#%ȕ12ȕȕțȓ' #IIF3%4ɫ QR flyback controller 
 

 

Intended audience 

This document is intended for design engineers who want to verify the performance of: 

¶ The 600 V CoolMOSɫ #7 MOSFET technology in TO-247 4-pin package in hard-switching topologies like the 
CCM PFC boost converter working at 65 kHz along with the șȘȓ 6 #IIF3C#ɫ Schottky diode Gen5 
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¶ The 600 V CoolMOSɫ #7 MOSFET technology in soft-switching topologies like the LLC working at a resonant 
frequency around 150 kHz 

¶ The isolated and the non-isolated gate drivers from the %C=?$2)6%2ɫ )# family  

¶ The flexibility and performance power of the XMCTM microcontrollers for server power supplies 
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1 3OGG;LS I@ NB? țȓȓ 7 0F;NCHOGɪ M?LP?L JIQ?L MOJJFS  

This Application Note provides a very detailed description of the design considerations and operation under 

both steady-state and abnormal operating conditions, as well as results of a total Platinum® efficiency 
compliant server power supply, by using several different Infineon Technologies semiconductors, ranging from 
power MOSFETs to microcontrollers. 

Below is a summary of the key features that this demo board offers when used as a reference for power 
supplies in server applications: 

¶ Attractive compact design in 30 W/in3 form factor 

¶ Efficiency that outperforms the Platinum® efficiency standard throughout the entire load demand at both 
115 V AC and 230 V AC, as shown in Performance and steady-state operation Figure 41 in section 6.1 

¶ Low Total Harmonic Distortion (THD) and high PF response, as shown in Figure 42 and Figure 43 
respectively, from 20% of the load 

¶ Fully digital control implementation in both the PFC boost converter using XMC1400, as described in the 
Power factor correction stage section, and the LLC resonant converter using the XMC4200, as described in 

the LLC resonant DC-DC converter section 

¶ High performance achieved by using Infineon Technologies best-in-class devices: 

o Single TO-247 4-pin 600 V  CoolMOSTM C7 SJ MOSFET in the PFC boost converter, along with a 

single TO-220 650 V CoolSiCTM schottky diode Gen5 

o TO-220 600 V  CoolMOSTM C7 SJ MOSFET on the primary side of the LLC resonant converter and 

OptiMOSTM 5 40 V and 25 V as Synchronous Rectification (SR) and ORing MOSFETs, respectively 

o EiceDRIVERTM 1EDI isolated and EiceDRIVERTM 2EDN non-isolated gate driver ICs 

o QR flyback controller ICE2QR2280G CoolSETÊ 

¶ Robust and realiable operation under different abnormal conditions: 

o Smooth inrush current during start-up as shown in Figure 46 

o Power Line Disturbance (PLD) events, like AC Line Drop Out (ACLDO) as described in Table 8, as 
well as voltage sags as describes in Table 9 

o Brownout reaction as shown in Figure 58 

o Load-step reponse at different abrupt load changes as shown in Figure 59 and Figure 60 

o Over Current (OC) condition reaction as described in the Over Current Protection (OCP) section, 
as well as the response of the PSU in case of a short-circuit event, as shown in Figure 65 

¶ Fully compliant with both peak and average Class B conducted EMI EN 55022 standard limits, as shown in 
Figure 66 and Figure 67 
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2 3SMN?G >?M=LCJNCIH 

This document presents an Infineon system solution for an 800 W server power supply in 30 W/in3. The 

evaluation board consists of a classic CCM PFC boost converter with average current control at AC-DC stage. 
The PFC converter provides regulated bulk voltage from a universal AC input, while it demands high-quality 
current from the grid. The DC-DC stage is an LLC resonant converter, which provides 12 V regulated output. 

Both converters have a dedicated Infineon microcontroller to manage the converter control as well as the 
system behavior.  

Figure 1 shows a block diagram of the implemented power supply with the blocks as described. In addition, an 
ORing switch is implemented in anticipation of the efficiency of a full system solution, even though no advance 
ORing functionality is implemented. Furthermore, an I2C channel is reserved in the secondary controller, which 
enables PMBus communication implementation. 
 

 

Figure 1 800 W server power supply block diagram 

The target level of the 800 W server power supply is Platinum® efficiency according to the 80Plus® standard. As 
shown in Figure 2, this efficiency level is reached with a wide margin, which makes the obtained efficiency close 
to Titanium® level for light and full-load. 

 

Figure 2 Measured efficiency of the 800 W server power supply compared to the Platinum ® and 

Titanium ® standards 
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2.1 3J?=C@C=;NCIHM 

This section describes the main electrical specifications of the Infineon server power supply evaluation board 
for both input and output. 

The requirements for the universal AC input are introduced in Table 1, as well the required hold-up times to 
provide regulated output when the AC input is not present. 

Table 1 Input requirements  

Parameter Value 

Input voltage range, Vin_range 90ɒ265 V AC 

Nominal input voltage, Vin 230 V AC 

AC-line frequency range, FAC 47ɒ63 Hz 

Max peak input current, Iin_max 10 ARMS @ Vin = 90 V AC, Pout_max = 800 W 

Turn-on input voltage, Vin_on 80ɒ87 V AC, ramping up 

Turn-off input voltage, Vin_off 75ɒ85 V AC, ramping down 

PFC, PF Shall be greater than 0.9 from 20% rated load and above 

Hold-up times 10 ms after last AC zero point @ Pout_max 

20 ms after last AC zero point @ 0.5 × Pout_max 

THD < 10% from 20% load @ high-line, for class A equipment 
 

In the case of the regulated 12 V output, the requirements are shown in Table 2. It should be mentioned that 

the output voltage dynamic range considered must be maintain not only in dynamic load conditions, but also 
in case of PLD of the AC input. 

Table 2 Output requirements  

Parameter Value 

Nominal output voltage 12.2 V ± 2% in static conditions at nominal Vin 

Nominal output current 67 A 

Output voltage ripple Max 120 mVpk-pk at Iout = 67 A 

Output OV set point Min 13.5 V max 14 V 

Output OC threshold 30 s up to 74 A 

10 s up to 83 A 

Max 1 ms over 83 A 

Dynamic output voltage variation ±240 mV 

Note: Load-step 3ɒ33 A and 33ɒ66 A with 0.5 A/µs current 
slope 

Note: Input voltage variation and PLD 
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Table 3 Overal efficiency target  

Load condition Efficiency @ low-line Efficiency @ high-line 

20% 90% 90% 

50% 92% 94% 

100% 90% 91% 
 

2.2 )H@CH?IH 4?=BHIFIAC?M M?GC=IH>O=NILM 

2.2.1 șȓȓ 6 #IIF-/34- #Ț 

The 600 6 #IIF-/3ɫ #Ț M?LC?M I@ >?PC=?M I@@?LM ; ˸Șȓˠ L?>O=NCIH CH NOLH-I@@ FIMM?M =IGJ;L?> NI NB? #IIF-/3ɫ 

CP, offering a GaN-like level of performance in PFC, TTF and other hard-switching NIJIFIAC?MȻ 4B? #IIF-/3ɫ 
C7 delivers an area-specific on-resistance (RDS(ON)*A) of just 1ɋ per mm2ȼ ?RN?H>CHA )H@CH?IHɇM JILN@IFCI I@ 
products with lowest RDS(ON) per package to support customer efforts to further increase power density.  

The 600 V CoolMOS C7 series features ultra-low switching losses and targets high-power SMPS applications 

such as server, telecom, solar and industrial applications requiring high efficiency and a reduced Bill of 
Materials (BOM) as well as low Total Cost of Ownership (TCO).  

Applications driven by efficiency and TCO, such as hyper-scale data centers and telecom base stations, benefit 
from the switching loss reduction offered by CoolMOS C7. Efficiency gains of 0.3% to 0.7% in PFC and 0.1% in 

LLC topologies can be achieved, leading to significant TCO benefits. In the case of a 2.5 kW server PSU, for 
example, using 600 V C7 MOSFETs can result in energy cost reductions of ~10% for PSU energy loss. 

In BOM and cost-driven designs such as enterprise servers, the 600 V CoolMOSɫ C7 devices offer a cost 

reduction in magnetics. Due to the significantly lower gate charge and output capacitance, the C7 can be 

operated at double the normal switching frequencies with only a marginal loss in efficiency. This allows the size 
of magnetic components to be minimized, lowering the overall BOM cost. For example, doubling the switching 
frequency from 65 kHz to 130 kHz may reduce the magnetic component cost by as much as 30%. 

2.2.2 #IIF3C#ɫ 3BINNES >CI>? '?HȘ 

Selection of the boost diode is a major design decision in a CCM boost converter, because the diode is hard-

commutated at a high current and the reverse recovery can cause significant power loss, as well as noise and 
current spikes. Reverse recovery can be a bottleneck for high switching frequency and high power density 
power supplies. Additionally, at low-line, the available diode conduction duty cycle is quite low, and the 
forward current quite high in proportion to the average current. For that reason, the first criteria for selecting a 

diode in a CCM boost circuit are fast recovery with low reverse recovery charge, followed by Vf operating 

capability at high forward current. 

Since CoolSiCɫ schottky diodes have a capacitive charge, Qc, rather than a reverse recovery charge, Qrr, their 
switching loss and recovery times are much lower than a silicon ultra-fast diode, leading to enhanced 

performance. Moreover, SiC diodes allow higher switching frequency designs. Hence, higher power density 
converters are achieved. The capacitive charge for SiC diodes is not only low, but also independent of di/dt, 
current level and temperature, which is different from silicon diodes that have strong dependency on these 

conditions. 

The recommended diode for CCM boost applications is the 650 V #IIF3C#ɫ schottky diode Gen5, which includes 

)H@CH?IHɇM Leading Edge (LE) technologies, such as a diffusion soldering process and wafer-thinning 
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technology. The result is a new family of products that show improved efficiency over all load conditions, 
resulting from the improved thermal characteristics.  

The proper current rating of the PFC diode must be calculated by considering 1.3 to 1.5 times the RMS current 
of the diode, which is expressed as: 

 

 In this demo board, a 6 A IDH06G65C5 diode is used. 

2.2.3 %C=?$2)6%2Ê ȕ%$. HIH-CMIF;N?> A;N? >LCP?L @IL -/3&%4M 

2.2.3.1 )HNLI>O=NCIH 

The 2EDN7x24 is a non-inverting fast dual-channel driver for low-side switches. Two true rail-to-rail output 

stages with very low output impedance and high current capability are chosen to ensure the highest flexibility 

and cover a wide variety of applications. 

All inputs are compatible with LV TTL signal levels. The threshold voltages (with a typical hysteresis of 1 V) are 

kept constant over the supply voltage range. 

Since the 2EDN7x24 is particularly aimed at fast-switching applications, signal delays and rise/fall times have 
been minimized. Special effort has been made to minimize delay differences between the two channels to very 

low values (typically 1 ns). 

The 2EDN7x24 driver used in this demo board comes in a standard PG-DSO-8 package. 

2.2.3.2 $LCP?L IONJONM 

The two rail-to-rail output stages realized with complementary MOS transistors are able to provide a typical 5 A 

of sourcing and sinking current. The on-resistance is very low with a typical value below 0.7 ɋ for the sourcing 
p-MOS and 0.5 ɋ for the sinking n-MOS transistor. The use of a P-channel sourcing transistor is crucial for 

achieving real rail-to-rail behavior and not suffering from the MIOL=? @IFFIQ?LɇM PIFN;A? >LIJȻ 

Gate drive outputs are held low for floating inputs (ENx, Inx) or during start-up or power-down, once Under 
Voltage Lockout (UVLO) threshold is not exceeded. 

2.2.3.3 5H>?L 6IFN;A? ,I=EION ə56,/ɚ 

The UVLO function ensures that the output can be switched to its high level only if the supply voltage exceeds 

the UVLO threshold voltage. Therefore it can be guaranteed that the switch transistor is not operated if the 
driving voltage is too low to completely switch it on, thereby avoiding excessive power dissipation. 

The default UVLO level is set to a typical value of 4.2 V or 8 V (with some hysteresis). For higher levels, such as 
HV SJ MOSFETs, a minimum active voltage of 8 V is used (2EDN7424), while the 4.2 V is used for the logic level 
driven LV MOSFETs (2EDN7524). 

2.2.4 %C=?$2)6%2Ê Ȕ%$) A;FP;HC=;FFS CMIF;N?> MCHAF?-=B;HH?F >LCP?L 

The 1EDI >LCP?L @;GCFS CM <;M?> IH )H@CH?IHɇM =IL?F?MM NL;HM@ILG?L technology, enabling a benchmark minimum 
setting Common Mode Transient Immunity (CMTI) of 100 kV/µs. 
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The 1EDI20N12AF driver provides output currents of up to 2 A on separate output pins for applications up to 
1200 V. They are ideal for the use in charge stations for electric vehicles as well as power supplies for servers, 

and industrial and telecommunications systems.  
 

Due to lower inductive losses, these drivers enable an additional gain in efficiency of 0.5% with the latest 
A?H?L;NCIH I@ #IIF-/3ɫ #ȚȻ 

2.2.5 /JNC-/34- Ș ȗȓ 6 

/JNC-/3ɫ Ș ȗ0 Vȼ )H@CH?IHɇM F;N?MN A?H?L;NCIH I@ JIQ?L -/3&%4Mȼ Cs optimized for SR in SMPSs such as those 

found in servers and desktops. The /JNC-/3ɫ Ș ȗ0 V product family not only features NB? CH>OMNLSɇM FIQ?MN 
RDS(ON) but also a perfect switching behavior for fast-switching applications. 15% lower RDS(ON) and 31% lower 

Figure of Merit (FOM) (RDS(ON) × Qg) compared to alternative devices has been realized by advanced thin wafer 

technology. 

2.2.6 8-#4- @IL >CACN;F =IHNLIF 

2.2.6.1 8-#Ȕȗȓȓ @IL 0&# =IHNLIF CGJF?G?HN;NCIH 

The XMC1400 is part of the XMCTM microcontroller family from Infineon Technologies. This family of 

microcontrollers, based on ARMTM CortexTMɒM0 cores, is designed for time-critical applications. The control of 

power supplies is a strong focus for XMCTM microcontrollers, where users can benefit from features such as 
analog comparators, PWM timers, co-processors or high-precision analog-to-digital converters.  

Some of the XMC1400 features are listed here: 

¶ 12-bit ADC, 1 MSample/s; flexible sequencing of conversions including synchronization 

¶ Clock frequency is 48 MHz; nevertheless, key peripherals can run at double the CPU frequency, like PWM 

timers or MATH co-processors, to accelerate calculations or improve PWM resolution 

¶ Fast analog comparators for protections such as OCP 

¶ Co-processor that can run in parallel to the main core (CortexTM-M0); in this particular case it will help 
execute faster divisions (17 clock cycles) 

¶ Flexible timing scheme due to CCU timers; these timers allow synchronization of PWM patterns and 
accurate generation of ADC triggers 

¶ Interconnection matrix to route different internal signals from one peripheral to another: as an example, the 
timers can connect to an ADC to signify the exact point in time when a signal must be sampled, or a 

comparator output can be connected to a PWM timer; this can be used to make sure that whenever the 
comparator trips, the PWM stops 

Serial communication protocols are supported, including UART, I2C and SPI. These can be used for GUI or 

possible communication with the secondary stage of a full power supply. 

2.2.6.2 8-#ȗȕȓȓ @IL ,,# =IHNLIF CGJF?G?HN;NCIH 

All XMC4000 devices are powered by ARM® Cortex®-M4 with a built-in DSP instruction set. The single precision 

floating point unit, Direct Memory Access (DMA) feature and Memory Protection Unit (MPU) are state-of-the-art 

for all devices ɒ even the smallest XMC4000 runs with up to 80 MHz in core and peripherals. It comes with a 
comprehensive set of common, fast and precise analog/mixed-signal, timer/PWM and communication 
peripherals. 

Some of the XMC4200 features are listed here: 

¶ Up to 256 kB embedded Flash with 22 ns access time and error correction unit 
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¶ Up to 40 kB embedded RAM 

¶ 8-channel DMA 

¶ 4-channel high-resolution PWM (150 ps)  

¶ Two ADCs with up to 8 channels each; each channel has 12-bit resolution, selectable reference and total 
conversion time of less than 500 ns 

¶ Two DACs of 12-bit resolution 

¶ Four multi -functional serial interface channels configurable to SPI, I2C, I2S or UART 

¶ Two CAN nodes and USB 2.0 module 

¶ Extended temperature range up to 125°C ambient temperature 

2.2.7 12 =IHNLIFF?L ə#IIF3%4ɫɚ 

Integrated power management IC with 800 V ;P;F;H=B? LOAA?> #IIF-/3ɫȼ start-up cell and QR current mode 

flyback PWM controller in DSO-16/12 package. Suitable for 25.5 7 3-03 >?MCAHȻ 4B? 12 #IIF3%4ɫ M?LC?M 

continues to deliver design agility and miniaturization. This new series offers the possibility of higher efficiency 
and better EMI performance. The digital frequency reduction feature ensures a very stable operation with 

decreasing load change, and the fold-back correction keeps the maximum power limits within the tolerance 
desired by SMPS designers. The Active Burst Mode (ABM) operation during low power consumption provides 
best-in-class power consumption during standby. 

2.3 "I;L> >?M=LCJNCIH 

Figure 3 shows a top view of the 800 W server power supply. The distribution on the PCB of the different stages 

that comprise the PSU is highlighted: AC input and EMI filter, PFC stage, LLC (DC-DC) stage and DC output, bias 
(auxiliary) power supply and control board. 
 

 

Figure 3 Distribution : top view of the different stages of the 800 W server power supply 

A bottom view of the same PCB is shown in Figure 4, which shows the distribution of the drivers for both the AC-
DC and DC-DC stages, as well as the SyncRec and ORing switches. 
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Figure 4 Bottom view of the 800 W server power supply main board 

A view of the control card present on the side of the PSU is shown in Figure 5, where the XMCɫ GC=LI=IHNLIFF?LM 

selected for primary- and secondary-side control are shown, together with the digital isolator. The control card 

is designed to support PFC monitoring and PMBus communication. However, these functionalities have not 
been implemented in the final current power supply. 
 

 

Figure 5 Control board of the 800 W server PSU with the XMCÊ microcontrollers and their main 

characteristics  

3x 1EDI20N12AF

LLC HB Driver

PFC 4Pin Driver

ICE2QR2280G

Flyback -QR

2x 2EDN7524F

SyncRec Driver

1EDI20N12AF

O-ring driver

BSC014N04LS

SyncRec

BSC009NE2LS5I

O-ring 

PFC Controller

XMC1402 -Q040X0128AA

ü ARM® Cortex® -M0, 48MHz , Math coprocessor
ü CPU Frequency : 48MHz (96MHz PWM)
ü eFlash : 128kB including hardware ECC
ü 16kB SRAM
ü Package: PG-VQFN-40

LLC Controller

XMC4200 -Q48K256 AB

ü ARM® Cortex® -M4, 80MHz, incl. single cycle DSP MAC 
and floating point unit (FPU)

ü 8-channel DMA + dedicated DMA for USB
ü USB 2.0 full - speed device
ü CPU Frequency : 80MHz
ü eFlash : 256kB including hardware ECC
ü 40kB SRAM
ü Package: PG -LQFP-48














































































































