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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 Vto 75V to 12 V output and an auxiliary power supply to provide bias voltage for a primary gate
driver, secondary gate driver and 3.3V VDD. The XDPP1100 is a digital controller based on a 32-bit, 100 MHz
ARM® Cortex™-MO0 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:

e XDPP1100 XDP™ IDC digital controller

e 100V OptiMOS™ 5 BSCO50N10NS5, 100 V5 mQ, SuperS08 power transistors
e 40V OptiMOS™ 6 BSCO10N04LS6, 40 V 1 mQ, SuperS08 power transistors

o EiceDRIVER™ 2EDF7275K - Infineon’s isolated dual gate driver

600W QUARTER BRICK FB-FB

IE IE

vo0lo0ld B N
B ut;
VI.WHVJ E EE
-

Figurel Infineon 600 W digital FB-FB quarter-brick evaluation unit outline
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1 Background and system description

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 Vinput 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:

e OptiMOS™ power MOSFETSs
e GatedriverICs
e XDP™ SMPS microcontrollers

Table1 Major topologies of telecom bricks (quarter-brick and eighth-brick)
Topology [Circuit Cost/complexity | Efficiency | Output
power
HB_CT Excellent, low Medium 120 W to
Q J C component count 300W
4 L N:1:1 on both primary
Vin© e S and secondary
)
bl =
- SRlli f'sm Col
FB_CT Medium, the High 300 Wto
Q Qs , secondary driver is 600 W
ha | N:1:1 reference to
Vin© 2 S ground
= SRlli fISRz Co
FB_FB PO High, both primary | The 600 W to
Qu \‘:' Qsllj SR |'J L||SR L J_ and secondary are | highest 800 W
A L HB type
Vin C) l
Q
2|E| QAIEI SR4|:37 £ISR3
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1.1 System description

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 75V DC and provides up to 600 W output power. Note, below
42V 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).

2EDF7275K

Isolated
Driver
Vin o SRBI jSRA N
A L = =
BSCO50N10NS5 BSCO10NO4LS6x2 i—| BSCO10NOALS6 x2
2EDF7275K| VRECT Vout
Isolated . . ] )
Driver *
BSCO50NIONSS psco50N10NS5
— N
b
Isolated SRA . SRE
I« 1 I«
Driver BSCO10N04LS6 %2 | F | |BSCO10N04LS6 x2
2ED|F7275K ®
—|A 47 BSCO50N10NS5
Isolated
— d Driver  |2EDF7275K
SRA SRB
B
A

A

|
o m XDPP1100-
I2C to GUI
To System
Aux
Power g
Figure 2 Infineon 600 W digital FB-FB evaluation board - simplified block diagram

The loop control isimplemented 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 uV 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 V. 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 Viy telemetry,
protection and feed-forward compensation. When the voltage ADC is configured as Vit 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 Viy 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 I°C 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 OptiMOS™ 5 in a SuperS08 package at the primary
together with a 40 V OptiMOS™ 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/cm? (360 W/in®). The board was designed as a testing platform, with easy access to probe test
points, and easy reworking/replacement of components.

1.2 Sync rectifier timing

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.

Ideal Timing —
_ . Infineon
FL L _
ssents. [zmm -“ﬁn.m.; ke J e 1.a*d and b*c are pri. vgs
8114 8114 . i
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Figure 3 Ideal secondary gate timing example
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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 Power board information

2.1 Specification

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

(infineon

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 Vi) 16 A
Output voltage (atVwn=42Vto 72V) 12 v
Output current 50 A
Recommended output capacitor 1000 10000 uF
Output voltage load regulation (Vin=48 V) +30 +80 mV
Output voltage line regulation (lour =0 A) +50 mV
Output voltage regulation over-temperature +100 mV
(Vn=48V, T.=-40°Cto 85°C)
Output voltage ripple (peak-to-peak at full load) 240 mV
With 1000 pF output capacitor
Load transient (48 Viy, 1000 uF and 10 pF, 1 A/us) +300 mV
50 percent to 75 percent load
Load transient settling time 100 us
Vour 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 Y
Monitoring accuracy - READ_VIN -0.5 0.5 \Y
Monitoring accuracy - READ_VOUT -10 10 mV
Monitoring accuracy - READ_IOUT -1 A
Monitoring accuracy - READ_TEMPERATURE -5 5 °C
Application Note 8of71 V11
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2.2 Schematic

Figure 5 is the schematic of the power stage of the 12 V/50 A FB-FB converter. Primary MOSFETs are 100 V/5 mQ
OptiMOS™ BSCO50N10NS5ATMA. Infineon isolated gate driver 2EDF7275K is used to drive primary MOSFETSs.
The 2EDF7275K provides 1.5 kV functional isolation and 4 A/8 A gate driver capability. The secondary SR uses
two 40 V/1 mQ BSCO010NO4LS6 in parallel at each location. The SR MOSFETSs 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.
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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 Test fixture

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 I’C connector for I?C and PMBus communication, and
a SWD debugger port for FW debugging. The fan should be biased with external DC power supply, in the 5V to
12 Vrange 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
polarity of the enable can be configured by PMBus command ON_OFF_CONFIG. If EN “active low” is preferred,
the user should write PMBus command ON_OFF_CONFIG and choose the polarity to be “active low”. When
“active low” is selected, the on/off label on the test fixture aligns with the actual on/off status. If “active high” is
selected, the on/off label shows opposite status.

A 3.3V LDO regulator on the test fixture provides pull-up voltage to the SDA/SCL I°C communication bus when 5
to 12 Vis applied to the external bias connector.
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Figure 9 Test fixture board connection

Necessary connections to operate the board:

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

e Connectinput voltage to J1.
e ConnectE-load to J2 and J3.
e Connect the bias fan with 5~12 V DC power supply at J4 (EXT BIAS).

e Connect XDPP1100 USB dongle (USB007 revA) to J8. Find the direction by identifying the ground pin G (black
wire). The blue wire of USBO07A is not used and can be left floating. If using the isolated dongle USB007
revB, the blue wire should be connected to the 3.3V pin of J8.

e Make sure the switch SW1 is in the off position
e Turnonthe 48 Vinput power supply. Minimum 35 V voltage is required to enable the auxiliary power supply.
e When the auxiliary power supply is in operation, the 12 VS should have 10 V 1 V voltage.

e 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.

e Inorderto assert the operation command, open XDPP1100 GUI and click on “Auto populate”. The 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.

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

e Write “ON” to PMBus command 0x01 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.
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2.4 Board layout
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
MOSFETSs 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, so it can’t use a 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.

|

.[:_| I
4

(- H———ﬂn

c1é

Main transformer

Figure 10 Assembly - top
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2.5

Assembly - bottom

Main transformer

The planar transformer has three turns in primary and one turn in secondary. The primary winding takes layers
1,2,5,6,9 and 10, one turn per layer. The secondary winding takes layers 3,4, 7 and 8, one turn per layer. The
middle layer has 5 oz. copper and the top and bottom layer has 4 oz. thickness.

*lrayer 4
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Sec2 Turn 1

*lrayer 7
MID6
Sec3 Turn 1

bd Layer 8
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e

Secd Turn 1

Layer 2 - MID1
Layer 3 - MID2
S

Layer 4 - MID3
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Figure 12

Application Note

Planar transformer drawing

14 0of 71

V11l
2020-10-28



600 W FB-FB quarter brick using the XDPP1100 digital controller

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

infineon

Power board information

2.6 Bill of Materials (BOM)

Table 3 BOM
Item (Qty. Ref. Manufacturer Part number
1 1 BRD1 P100106 A
2 8 |C1,C2,C3,C4,C5,C6,C7,C8 TDK C3225X7R2A225K230

¢9,C10,C11,€12,C17,C€19,C28,C29,C30,C34,C42,C43,

3 19 | C50,C52,C53,C54,C69,C72,C74 TDK C1608X7R1H104K080
4 5 |C13,C18,C20,C33,C47 TDK C1608C0G2A101K
5 1 [C14 TDK C1608X7R1H103K080
6 2 |C15,C16 TDK C2012C0G2E472J125AA
7 2 |C22,C79 TDK C1608X7R1H223K080
8 1 C23 TDK C2012X5R1E106K125AB
9 1 [C24 TDK C3225C0G1H104)
10 1 |25 TDK C1608C0G2A471K
11 3 [C26,C65,C73 TDK C1608C0G2A472K
12 1 (27 Kemet C1206C102JGR
13 5 |C32,057,C62,C70,C77 TDK C1608C0G2A102)
14 6 |C35,C36,C37,C38,C39,C40 TDK C3225X7R1C226K250
15 1 (41 TDK C2012X7R1C475K125
16 5 |C48,C49,C56,C75,C76 TDK C1608X7R1E105K
17 |1 |[C58 Not used
18 1 [C59 Not used
19 1 (60 Samsung CL21B106KOQNNNE
20 1 [(ce1 TDK C0603C472K2RACTU
21 1 [ps1 Wurth 150060GS75000
22 2 D1,D3 Diodes B2100A-13-F
23 1 D2 NXP BAT46WJ,115
24 1 D4 Toshiba CRHO1(TE85L,Q,M)
25 |6 |D5,D6,D9,D010,012,D15 On BAS20HT1G
26 1 13 On MM5Z5V1T1G
27 4 |D16,D22,D23,D24 NXP BAS516,135
28 1 I Harwin M22-5320505
29 1 2 Samtec FTSH-102-05-L-DV
30 P2 L1,L3 Taiyo Yuden CBC3225T101KR
31 1 |2 Wurth 744355147
32 4 [Q3,04,Q7,08 Infineon BSCO50N10NS5ATMA1L
33 8 09,Q10,011,Q012,013,Q14,Q15,Q16 Infineon BSCO10NOA4LS6
34 2 [RTL,RT2 Murata NCP15WB473F03RC
35 2 R1,R93 Panasonic Not used
36 1 R2 Panasonic ERJ-3EKF5110V
37 1 R3 Yageo RC1206FR-073RO1L
38 |7 |[R4,R5,R12,R16,R23,R32,R33 Panasonic ERJ-3EKF1002V
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Item (Qty. Ref. Manufacturer Part number

39 2 |[R6,R18 Panasonic ERJ-3EKF1202V

40 Q1 R7 Panasonic ERJ-8ENF1000V

41 Q1 R9 Panasonic ERA-3AEB103V

42 |1 R10 Panasonic ERA-3AEB112V

43 8 R11,R19,R35,R38,R39,R40,R78,R89 Panasonic Not used

44 3  R13,R69,R96 Panasonic ERJ-3EKF20R0OV

45 1 R14 Panasonic ERJ-3EKF3321V

46 (3  R15,R65,R87 Panasonic ERJ-3EKF2002V

47 R R20,R68 Panasonic ERJ-3GEYOROOV

48 7 |R21,R22,R26,R28,R66,R70,R86 Panasonic ERJ-3EKF1000V

49 1 R25 Panasonic ERJ-3EKF1871V

50 (1 R27 Panasonic ERJ-3EKF3011V

51 @4 R29,R30,R31,R67 Panasonic ERJ-3EKF2001V

52 4 R34,R59,R62,R71 Panasonic ERJ-3EKF1001V

53 (1 R36 Panasonic ERJ-3EKF2213V

54 Q1 R37 Panasonic ERJ-3EKF4871V

R41,R42,R43,R45,R46,R49,R50,R53,R54,R55,R56,

55 (12 [R63 Panasonic ERJ-3RQF1ROV

56 {1 [R47 Panasonic ERJ-3EKF8871V

57 Q1 R48 Panasonic ERJ-3EKF1371V

58 1 R57 Panasonic ERJ-3EKF1243V

59 Q1 R58 Panasonic ERJ-3EKF3320V

60 (1 [R72 Panasonic ERJ-3EKF1272V

61 (1 R73 Panasonic ERJ-3EKF51R1V

62 1 R74 Panasonic ERA-3AEB104V

63 1 R75 Panasonic ERA-3AEB132V

64 (1 R85 Panasonic ERJ-6ENF2002V

65 (10 [TP1,TP2,TP3,TP4,TP5,TP6,TP7,TP8,TP9,TP10 Harwin S$2761-46R
EQ25-3F36 and

66 1 1 Ferroxcube PLT25/18/2-3F36

67 (1 2 Ice CT02-100

68 (1 T3 Coilcraft LPD5030V-224MR_B

69 (1 U1 Infineon XDPP1100-Q040

70 4 |U2,U3,U4,U5 Infineon 2EDF7275K

71 1 V10 Tl OPA140AIDBVT

72 1 U11 Tl LM5018SD/NOPB

73 1 U20 LT LT1460KCS3-3.3#TRMPBF

74 1 U221 Fairchild FODMS8801A

75 3 1,23 Mil Max 3104-3-00-15-00-00-08-0

76 2 B9 Mil Max 4357-0-00-15-00-00-03-0
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3 Configuration

The FW patch and optimized configuration are stored in the non-volatile memory OTP. The user could run the
demo board without needing additional configuration by following the instructions in section 2.3. To evaluate
the XDPP1100, the user could change configurations 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 unlimited times. On the other hand, the modifications will be lost and reset to the default OTP
settings once the input voltage and 3.3V VDD are removed. To keep the new configuration, the user could store
the customized configuration to the OTP. Please refer to the XDPP1100 configuration guide. The “Force
i2c/PMBus OK” is not mandatory, as the demo board is shipped with a stored product ID that recognizes the
device by using “Auto populate”. Loading the design file QB_FBFB_VMC_XDPP1100 is recommended if the user
want to verify the design tool “PID - Bode Plot”. This is because the load models are not stored in OTP and
won’t be read by the “Auto populate”. The design file will provide the information of the load model (such as
the output capacitance and ESR) for bode plot emulation.

File Dptinns|i2c Tools Help

D Force i2¢/PMBus OK

Enable Telemetry Update

® To Show Floating Staus
Automatically Write Config Fle After Loading
Load Default Design When GUI Starts

|T| Show Register Map First When Click a Device
SWD port Enable

!

File Options i2c Tools Help

?o | Load/Save - | [ = ! .I

File Options i2c Tools Help

Bload/Save- | ‘?; H Read - ﬂ‘%‘ Write / Tools g Yx';" g % :J .

@ Total Pout : 0.00 W Command  Status

XDPP1A3NO00::i2¢ x10 : :
Loop 1::pmb x40 Commands grouped @ | command | 123 PMBus Commands (Write and ReadWrite)

Vout Command 00 ] 00 PAGE « | Code Command Value
Config Command — 00 PAGE 0

Loop 2::pmb x40

Ea“k C°'g'“a°d 01 OPERATION Immediate Off
omman
MFRCommand Page o - 02 ON_OFF_CONFIG OF
3 StatusCommand 10 WRITE_PROTECT 0x00
TelemCommand 13 CAPABILITY %00
L TinCommand The EAGE cummandrallows the control, 1B SMBALERT_MASK
g |monitoring and configuration of multiple STATUS VOUT 00
VOUT_TRIM outputs on a single device through a single ST-‘\TUSVIOUT 0
VOUT_CAL_OFFSET physical address. A different PAGE number =
IOUT_CAL_OFFSET is assigned to each individual output, and STATUS_INPUT 00
when the PAGE command is setto a STATUS_TEMPERATURE 00
particular PAGE number all subsequent STATUS_CML 00
PMBUS commands will be directed to the STATUS_OTHER 00
specific output and the specific output only. STATUS_MFR_SPECIFIC 00
To write or read settings for a different STATUS_FANS_1_2 00
output, the PAGE command will have to be 20 VOUT_MODE 2

written to the corresponding PAGE number.

21 VOUT_COMMAND 12.000V
In Shasta, there are two pages: Loop0 and @ VOUT_TRIM 0000V
Loop]1. For Loop0, the PAGE command is set 23 VOUT_CAL_OFFSET 0.000V
to 00h and Loop1, the PAGE command is set 24 VOUT_MAX 13.000V
ito 01h. To send a2 command to both the 2% UNIIT MARGIN HIGH 11000V ¥

loops, set PAGE to FFh.

< >
Stop Updating Load Config Wirite selected loop Write All loops
Read selected loop Save Config Compare Config Write Default

O Basic Commands @ Al Commands

Read Write

Figure 13 Load design file through GUI and write to the device
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The key PMBus commands are listed in Table 4. The output voltage is sensed at the VSEN pin through resistor-
divider R9, R10. The set-point of VSEN is recommended to be set equal or higher than 1.2 V for the highest
accuracy. This demo board sets the divider ratio to 0.099 to get 1.2 V at the VSEN pin.

3.1 PMBus configuration

Table 4 Basic PMBus configuration (Loop0, except command OxEA)

Command Name Data Meaning

00 PAGE 00 0

01 OPERATION 00 Immediate off

02 ON_OFF_CONFIG 1F Respond to operation and EN pin, EN polarity
active high

20 VOUT_MODE 14 -12

21 VOUT_COMMAND 0Co0 12,000V

24 VOUT_MAX 0D00 13,000V

27 VOUT_TRANSITION_RATE E850 10,000 mV/us

29 VOUT_SCALE_LOOP 0.09961

32 MAX_DUTY F180 96.00 percent

33 FREQUENCY_SWITCH 087D 250 kHz

34 POWER_MODE 03 0x03

61 TON_RISE FO50 20.000 ms

CD MFR_VRECT_SCALE 0.07227

CE MFR_TRANSFORMER_SCALE 0.333

EA MFR_IOUT_APC 0.0996 A

(Loop0) (defines ISEN gain for ) (not used in VMC)

EA MFR_IOUT_APC 0.359375A

(Loopl) (defines BISEN gain for lour)

The XDPP1100 is compliant with PMBus Power System Management Protocol Specification, revision 1.3.1. The
standard PMBus commands are not going to be explained here. The Infineon MFR PMBus commands are
described in this section.

3.1.1 0xC5 FW_CONFIG_REGULATION

FW_CONFIG_REGULATION (Figure 14) configures multi-segment droop parameters and flexible start-
up/shutdown functions.

The function of flexible start-up and shutdown includes:
- CURRENT_DOUBLE_ENABLE: Enable secondary current doubler configuration

- EN_BOOST_FEED_FORWARD: Enables feed forward calculation from firmware for buck-boost topology,
reserved for future use and not recommended for current designs

- EN_DE_SHUTDOWN: Enable diode emulation mode (disable SR) during soft-off
- EN_IOUT_APC_TEMP_COMP: Enable temperature compensation of current sense
- INTERLEAVE_ENABLE: Enable interleave

- EN_DEADTIME_ADJ: Enable change dead-time per load current (not implemented in ROM code, but
could be implemented by FW patch. Example patch code is available on request)
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- EN_VSEN_OPEN_PROTECT: Enable voltage sense pin short/open protection at start-up (not
implemented; the open sense fault is enabled by setting the open sense threshold vspX_osp_thresh to
non-zero value)

- EN_L_ESTIMATE: Enable inductance estimation at start-up (not implemented)

- EN_C_ESTIMATE: Enable output capacitance estimation at start-up (not implemented)
- EN_ILIM_STARTUP: Enable current limit at start-up

- EN_PID_ADJ: Enable PID adjustment at start-up (not implemented)

- EN_PRIM_ISENSE: Enable BISEN on top of ISEN current sense. It should be enabled in this design to use
BISEN in Loop0. In this design, BISEN is used to sense output current. The output current sense gain
and offset should be configured in Loop1 by using MFR_IOUT_APC and IOUT_CAL_OFFSET

- EN_DE_STARTUP: Enable diode emulation mode (disable SR) during soft-start

Note that “not implemented” indicates the function or feature is not implemented in the ROM code. The
features are reserved to be implemented via FW patch.

CS FW_CONFIG_REGULATION v
111:36 MFR RDroop THR zeg3 | 00 [&] A
95:80 MFR RDrwoop MHA s=g2 | 00 (2] A
75:64 MFR RDroop ALL neg | 0.0000C00 |2 mO)

(@) us7 () uss
63:48 MFR RDroop ALL seg3 | ©0 2| mO
47:32 MFR RDroop RLL seg2 | ©0 2] mQ
31:24 Vout Target Window ¢ mv
23:16 Cument Limit at startup LI
15:13 Topology % | FBRW
12: CURRENT DOUBLER ENABLE °© %] Disabled
11:EN_BOOST_FEED_FORWARD | * | Disabled
10: EN_DE_SHUTDOWN 7 5 Dizsbled
9: EN_IOUT_APC_TEMP_COMP U+ Enatied

: 0l o

:; 'ENNT_E:ELE;:E,‘EE_BL’ELE T g::“ Flexible start-up design tool
&: EN_VSEN_OPEN_PROTECT T 1% Dizatied
5: EN_L_ESTIMATE 9 % Dissbled
4: EN_LC_ESTIMATE 7+ Dizabied
3: EN_ILIM_STARTUP 7 5 Dissbled
2:EN_PID_ADM T 1% Dizatied
1: EN_PRIM_|SENSE T % Ensbied
0:EN_DE_STARTUP 9 1+ Dissbied

Figure 14 FW_CONFIG_REGULATION

Vout Target Window (bit 31:24): Defines the SR enabling threshold during DE start-up. If EN_DE_STARTUP is set
to 1, the SR gate will be held low during soft-start until output voltage approaches target Vour. The SR gate will
be enabled at VOUT_COMMAND minus Vout Target Window.

Current limit at start-up (bit 23:16): defines start-up clamping current in amps.

This demo board uses PCB copper trace to sense output current. To compensate for the temperature drift of
the copper resistance, set bit [9] to 1. This enables the adjustment of IOUT_APC (see 3.1.7) based on the
temperature that is obtained by READ_TEMPERATURE_1 (see 3.1.8). The temperature is compensated with a
fixed coefficient 0.0039. User-defined temperature coefficient is possible by FW patch.
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3.1.2 OxCA MFR_IOUT_OC_FAST_FAULT_RESPONSE

The MFR_IOUT_OC_FAST_FAULT_RESPONSE command instructs the device on what action to take in response
to a fast output over-current fault (when exceeding 0xD1 MFR_IOUT_OC_FAST_FAULT_LIMIT). Unlike the
regular loyr OC fault response, the lour OC fast fault response only supports two types of response: “continuous
to operate (constant current)” and “shut down and retry”.

3.1.3 0xD1 MFR_IOUT_OC_FAST_FAULT_LIMIT

This command defines the threshold of fast over-current protection. Similar to the regular over-current
protection, this protection is also based on output average current, but with no filter to the signal, so it could
act faster. This limit should be set higher than the regular OC fault threshold IOUT_OC_FAULT_LIMIT for short-
circuit protection.

The fast over-current fault response is configured by PMBus command 0xCA
MFR_IOUT_OC_FAST_FAULT_RESPONSE.

3.14 0xCD MFR_VRECT_SCALE
MFR_VRECT_SCALE is calculated based on Vi resistor-divider (R71, R72, R11).
1kQ
MFR _VRECT_SCALE = (27 k0 + 1kQ) = 0.07299
3.1.5 OxCE MFR_TRANSFORMER_SCALE

MFR_TRANSFORMER_SCALE is the transformer turns ratio, equal to Ns/Np. Here Np =3, Ns = 1.

3.1.6 OxCF PWM_DEADTIME

Dead-time can be set in the device Topology tool (Figure 15) or by PMBus command OxCF PWM_DEADTIME
(Figure 16). Dead-time is set by adding a delay to the rising edge or falling edge of each PWM output. The dead-
time of PWM rise and fall time can be configured separately. In most situations only dead-time at the rising
edge needs to be set. The maximum dead-time can be set to 318.75 ns with a resolution of 1.25 ns. When
setting dead-time, please consider the isolator delay that will be added to the primary PWMs, making the real
gate waveform shift to the right.

o2 XDPPLB Topology E=8 e |
Selectloop Lo
Topology| DeadTime
Dead Time:
Topology ~ Selected Loop0 - Topology - FullBridgeFullWave
| Dead Time PLOT
o T T
.| ke !
Q3 1 i
::i Jozs
N — - L SEN N S T — -
SRz l ] '
SR3: ! i D713
o118 ioT1s )
e l —] T
o Wi
Frimary Side
Rising Edge Falling Edge Rising Edge Falling Edge o
Qi= S on| 8000 e e 000 [2pe Q2= D13 8000 [+fng DT 000 |iins 100 2ns
Q3= o 2000 (et Bme 000 [+ine Q4= D17 2000 :pe  DW 000 |3i5e =
‘Secondary Side. Secondary Side
SRI- pm 14000 |*ns DT 000 |2{ng SR2- D] 14000 *ns DM2 000 s
SR3- D113 14000 3 ps DTi4 000 S ps SR4- DIIS 14000 % ns DFI6 000 5 pe
 Rexd | [ Wite
ok ) Cancel | oy | [ He |
Ready

Figure 15 Topology tool - set dead-time
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Figure 16 shows using PMBus command 0xCF PWM_DEADTIME to configure dead-time. Only the active PWMs in
the selected loop can be configured and they are highlighted by a different color.

code | command | =3

CF [CF PWM_DEADTIME -

PWM dead times - Fall Time and Rise Ti

pwm1 pwm2

0.06 |4 80.00 [& 0.06 4. 80.00 3
pwm3 pwm4

6.00 |3 80.00 & 6.00 3. 80.00 |3
pwm5S pwmb

0.00 | 120.00 |3 0.00 3| 120.00 |
pwm7 pwm3

0.06 |3 120.00 0.00 |3 120.00 |¢
pwm9 pwm10

600 |3 600 |4 000 |4/ 600 &
pwmll pwm12

600 |3 600 |3 600 |5/ 600 &

“primary side active pwm's

“secondary side aclive pwm's

This is a 24-byte block that contains -
PWM dead time in the format {0xCF,
pwml_df{7:0], pwm1_dr[7:0], pwm2_df
[7:0], pwm2_dr[7:0], pwm3_df[7:0],
pwm3_dr[7:0],}. .........., pwm12_df[7:0],
pwml2_dr(7:0] }

Figure 16 PWM_DEADTIME command

3.1.7 OXEA MFR_IOUT_APC

MFR_IOUT_APC (Amps Per Code) defines the current sense gain. The calculation of MFR_IOUT_APC:
MFR_IOUT_APC =ISEN_LSB/Rsns

The ISEN_LSB is the resolution of IADC which is determined by the isenX_gain_mode register. XDPP1100 offers
two levels of gain: 100 pV and 1.45 mV, which reference to ground (GND); and one IPS mode, which has a
resolution of 1.45 mV and references to a DC bias range from 1.11 Vto 1.6 V. The gain mode is configured by
register isen_gain_mode. In this demo, the ISEN_LSB is set to 1.45 mV (isen1_gain_mode=2).

The secondary current is sensed by PCB copper trace (0.13 mQ). The signal is very small and an external op-
amp (U10) is used to amplify the signal with a gain of 201. The signal is then divided by R67, R58 at the input of
XDPP1100 with a ratio of 0.1423. Thus the equivalent secondary sense resistor is 0.13 x 201 x 0.1423 = 3.72 mQ.
The secondary IOUT_APC=1.45mV/3.72 mQ=0.389 A.

Please note that the PCB trace resistance varies from board to board across a wide range. The IOUT_APC of
each board should be calibrated per the actual measurement, and the value varies from board to board.

3.1.8 0xDC MFR_SELECT_TEMPERATURE_SENSOR

Use MFR_SELECT_TEMPERATURE_SENSOR to configure the temperature sensor. The XDPP1100 supports both
external temperature sensing and internal temperature sensing for protection and monitoring. External
temperature sensing is performed with a 47 k Q NTC thermistor, in parallel with a 12 k Q resistor connected
between ATSEN or BTSEN and ground.

This demo uses ATSEN to sense PCB temperature near the CS copper shunt. Itis used to compensate for the
current sense resistor value changing with temperature. This temperature sensor must be mapped to
READ_TEMPERATURE_1 for temperature compensation.
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The board uses BTSEN to sense the PCB copper temperature near the SR MOSFET for over-temperature
protection. Use the “Fault source select” drop-down menu to choose tempb as the fault source.

EI DC MFR_SELECT_TEMPERATURE_SENSOR

Fault source select  |1:temph i

Read_Temperature_1_Read_Temperature_2

lect
Souree sele 0: tempatempb

Figure 17 MFR_SELECT_TEMPERATURE_SENSOR

3.2 Register configuration

The XDPP1100 GUI provides the necessary design tools for the user to configure the registers. In the XDPP1100
GUI, go to the “Design Tools” tab and follow the design tool steps from 1 to 7 (Figure 18).

Some key parameters are configured as follows.

Table5 FBFB_VM register set-up
Register name Value Register name Value
cel ktrack_hiz 1 ramp0_m_flavor 2 (trailing-edge modulation)
cel_ktrack_off 4 ramp0_half_mode 1
cel_ktrack_on 4 ramp0_min_pw_state 0
cel_kslope_didv 659 mode_control_loop0 0 (VMC)
cel_pwmwin_dly 3 rampO0_dutyc_lock 1 (enable flux balancing)
cel_ladj_en 1 ramp0_dc_max_nom 0
cel_ps_current_emu 0 vspl_vrs_sel 1
cel_dt_|_slope 7 vrs_cmp_ref_sel 0
cel_blank_ne_dly 0 vrs_cmp_wdt_thr 25
cel_blank_pe_dly 0 vrs_track_start_thr 50
cel_kslope_lm 0 vrs_voltage_init 58
pid0_kfpl_index_1ph 36 ki_fbal 30
pid0_kfp2_index_1ph 35 kp_fbal 8
pid0_kp_index_1ph 39 fbal_max 20
pid0_ki_index_1ph 25 fbal_time_only 0
pid0_kd_index_1ph 60 fbal_dcm_thresh 26
pid0_ff_vrect_override 924 ical_en 1
pid0_ff_override_sel 0 timO_iout_src_sel 1
pid0_ff_vrect_sel 0 tlmO_iin_src_sel 2

The design file that comes with the demo board has the optimized configuration. To verify or change the
parameters, the user can go to each design tool and modify the registers. This section shows examples of the
design tools. For more details please refer to the XDPP1100 configuration user guide.
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FW Patching, Configuration & FW Debug “ Auto-Correct of configuration data
. .
Figure 18 GUI design tools

3.2.1

Loop PID configuration

The loop PID coefficient should be configured by using the number 3 PID - bode plot design tool.

Figure 19 shows the PID design tool and parameters of the demo board in VMC. The user can tune Kp, Ki, Kd
and the two low-pass filter bandwidths to obtain the desired gain and phase margin. The design tool shows the
bode plot based on the load model and the compensation. The tool also helps the user determine the PID
parameters if the load model is provided. Please note that an accurate load model is required for the correct
bode plot. The critical parameters are output inductor value L, output capacitor value and ESR, input voltage
Vin, output voltage Vour and output current lour. Once the load models are entered, go to the bode plot page and
place the desired poles and zeroes in the right-hand side table, then click “="to calculate the PID
compensation parameters.

In general, the two zeroes could be placed at the double-pole of the output LC filter, and pole 1 can be placed at
half of the switching frequency. Once the tool has calculated the PID, use the "= to view the adjusted poles and

zeroes.

% o

Bank 1 Capacitors Bank 3 Capacitors

(apiueg

a5l XDPPIE PID - O ® s XDPP1B PID O ®
Bode Plot  Load Model Bode Plot  Load Model
VOUT_SCALE_LOOP: 0.09921265 V Bode Plot
- W . = s el = g = 40
nl\'JD'I’J 4 SRl Hlsp, - " T CZI e c;g el + 30
Nid el rmE wE ply
RS A=y SeAp % o % 1 L2 Ve 20
Vo ® i G E O a3 &l ‘(}7 e 3 l °
o < < 10

(Bap) aseyy

Tums Ratio [3.00293 =/ iso_delay| 50 |=] ns -40
pim delay | 10 |&|ns T_dead | 80 |3 ns Value | 220 |3 uF Value | 220 |5 uF -5:l1k oK
- = Freq (Hz)
40 40
L[ 30 2|nH  rost[500 2jmo =R SRR (- ESH a2
ocR [ 07 = mo ms2 | 5.000 5 mO ESL | 300 2 pH ESL | 300 || pH PID & Low Pass Fiter Phase Margin deg Poles & Zeroes
Fsw | 250 %] Kz wl| 30 & mQ Quaniy| 6 5 Quantity | 0 [+ Kp| 33 5] -42.7 dB Gain Margin dB
: 25 B - Gain@1Hz 24847 2| dB
Lpcb | 64 |5 pH w2| 10 EimQ g 2 Capacitors Bank 4 Capacitors iz = -113.4d8  Crossover Freq KHz =
z sl | 1100 (5| mQ 5 20 = 80 |2 Pole #1 [190.98¢3 KH:
Foco | 03 [dlma DT ™ vaue 180001y Value | 170 3] F d =) 25T = ol g
num z e =
vin | 480 [5]v o elen Esh| 80 Alma  Esm| 40 2] mo LPF1 36 [/ 191.0KHz 5 Pole #2 174723 KHz
. | m 5 == 5
Vou [12000 v o= Emcrl = EmE LPr2| 3B [ 174 7KHz Zero #1 | 2491 3] KHz
lout | 50.000 (5| A Quantty| 1 | Quanity| 0 12 Load fram Device Draw Bade Plat Zero #2 [36.365 1= Kz
Wite to Device Sync from Reg
Apply (Draw Bode Plot)
Select Loop Select Loop
] [ [ N
Ready Ready
. o
Figure 19 PID - bode plot design tool
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3.2.2 Output and input current sense configuration

Output current, input current, input voltage and PWM/ramp are configured by design tool 6, Basic
Configuration. Figure 20 shows the output current sense configuration. Please select the source of current
sense to start. For example, in this design the output current is sensed by BISEN, therefore “ISP2 (BISEN)” is
selected.

83 Basic Configuration == O X

Output current sense  Input cument sense  Vin Telemetry PWM/ramp

Qutput current sense
S 2] @ ue
Source select |EElZAEINAN] | LPF coefficient |24 S| Cutoff :1.284KHz MFRIOUTAPC | 0.09% |3 >

O u2s8

Config ISP2

isen2_gain_mode ||SEN2 LSB 1.45mV GND IREF1

cel_ladj_en |Enable v

cel_ps_cument_emu [Secondarysude cument sense v
cel_vout_sel [

Loop 0 Vout
cel_vrect_sel [vns1
ce1_topology l"Bud<.A£F. HB, FB" .

cel_ktrack_hiz |1

OO

isp1_scp_thresh
isp1_ncl_thresh 127

cel_curent_limt |0

= Cel_blank_ne_dy 0 ' (ns
cel_ktrack_off 4 <
Cel_blank_pe_dy 0 '3 Ons
cel_ktrack_on 4 $ =
Isp1_fsw_sync_sel |LoopOFswitch
ce1_pwmwin_dly 3 H celtem 2

Lot [1.25 |34 UH cel_kslope_didv 659
L0at 0A 1142000 1= UH
47000 2] nH 0 5000 |ala cel-dtisope 4

lirace 300.00/3! pH Rtrace [0.50 3/ mOhm cellftrace 0

Short ciruit protection (SCP)fault threshold. The SCP threshold should be set highest among the various curent A Read Al
protection thresholds as it requires only a single sample above the threshold to trip. The SCP threshold is applied
per phase on multi-phase topologies. Set this threshold to 0 to disable the fault detection. LSB = 1A, Range =0to ,

Select Loop |Loop 0 v] OK Cancel Apply Help

Ready

Figure 20 Output current sense configuration tool

e The ktrack registers are used to set the track gain of the current estimator. The value of ktrack gain can be
setin arange of 0 to 15. When set to 0, the current estimator will not track to ADC sensed current but will
fully rely on estimation, which is calculated based on voltage and inductor value (ce_kslope_didv). When
ktrack gain is set to 15, the current estimator uses the actual sensed current. Other values set the weight of
sensed current over the estimated current with a ratio of x/15.

o kslope_didv defines the output inductor current slope. It is calculated based on lour_arc and Loyt value.

For output current sense:

1(V) - 10(ns)
Lout(nH) - APC (A)
o kslope_lm defines the primary magnetizing current slope. It should be 0 for secondary current sense. Thus it

is not listed in the “Output current sense” tool. For the primary PCMC, this register is configured in the “Input
current sense” tool.

1(V) - 10(ns) %—IS?
Lm(nH) - APC (A)
1(V)-10(ns)

Np
Lout(nH)-APC (A)-m
mapped to primary with a ratio of Np/Ns, configured by the “Input current sense” tool.

X 213

ce0_kslope_didv =

ce0_kslope_lm = x 213

ce0_kslope_didv = x 213 for primary current sense, the secondary current ripple is
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e ce0_pwmwin_dly defines the PWM window delay, used to align the internal PWM signal to incoming current
sense waveform. Delay time is defined by (ce0_pwmwin_dly + 1) * 10 ns.

e ceX_blank_ne_dly and ceX_blank_pe_dly defines the leading-edge blanking time for the current sense at
the negative edge and positive edge of PWM. The blanking time can be set between 0 ns and 280 ns.

e ceX_dt_|_slope defines the output inductor derating slope. If the inductance droops with instantaneous
current, the current estimator adjusts the di/dt slope accordingly.

e ceX_ltrace compensates for the parasitic inductance of the current sense resistor.

When the converter is configured in VMC, the input current telemetry can only be selected as “estimated input
current” based on loyr. The register timO0_iin_src_sel should set to 2.

3.2.3 Input voltage sense and feed-forward configuration

The XDPP1100 uses VRSEN/VRREF ADC to sense the input voltage from the secondary side of transformer Viect
through the resistor-divider R71, R72. The input voltage is calculated based on the sensed VRSEN voltage, the
Vet resistor divider ratio, and the transformer turns ratio.

Figure 21 shows how the sampling of the V... waveform work. Noise has been added to the ideal VRSEN
waveform to highlight the importance of sampling window timing.

A
PWM
A [ | >
—>| :“Isolator&driver delay —pw! :4—
|
b 11
VRSEN [ 1|
: I I 1)
P | 1)
P : 1)
| |
| T——t—-—————=—=—— | —: - Edge comparator threshold
| | |
I
Iy = I ™ >
: I : I
Tdetect | : | I
|
| | | ! Edge detection delay < 10ns
| '—‘ | | | H Resolution 5ns
T, 1 i -
A Iy [ |
Tsample | | | | VRS tracking window |
[
| |
Watchdog -
timer
| | >
[—
User configurable
blanking time

Figure 21 Timing of V... sensing by VRSEN

The VRS edge detector works at 200 MHz clock. It senses the rising and falling edges of V... waveform with delay
less than 10 ns. Taetect Waveform is the output of edge detector logic. The rising edge of the rectified voltage
waveform is detected and a programmable blanking window is added to it. The blanking time should be
configured as longer than the voltage spike and ringing duration. The blanking time should also be set longer
than 250 ns for the tracking ADC to settle (vrs_track_start_thr register).

The edge comparator has two configurable reference voltage thresholds: 500 mV and 300 mV, defined by
register vrs_cmp_ref_sel. The user can choose a proper threshold based on the VRSEN signal level. To optimize
VRSEN accuracy, it is recommended to scale Vi voltage to VRSEN in the 600 mV to 2.1 V range. In this design,
the Viy under-voltage fault threshold is 30 V, Viy over-voltage fault threshold is 80 V; transformer turns ratio is
3:1. Vet amplitude spans from 10 V to 27 V between the two Vi fault limits. Setting the Vi resistor-divider ratio
t0 0.07 scales Vet to 0.7 V~1.89 V, nicely fitting into the VRSEN input voltage range.
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After the blanking window, sampling of the rectified voltage can occur (shown as the Teampe Wwaveform). The
sampling window ends when the associated PWM signal goes low. If input voltage changes during this period,
VRS ADC tracks the change. At the end of a sampling window, VRS ADC remembers the value of the last ADC
sample and uses this value for the feed-forward computation for the next switching cycle.

At start-up, prior to PWM switching, the FF is computed with an initial voltage that is configured by the register
vrs_voltage_init. Theinitial input voltage is typically set to nominal input voltage per application.

The FF computation is implemented in hardware and thus offers the fastest response. The XDPP1100 computes
FF duty-cycle based on input voltage and output voltage, and the result is added to the feedback loop PID filter
output to resolve PWM duty-cycle (Figure 22).

Vout,target

computed_feed_forward =
p ‘f ‘f Vinxtrans_scale_loop

Here, trans_scale_loop is the transformer turns ratio, defined by N¢/N, in full-bridge or active clamp forward
topologies, and Ng/(2N,) in a half-bridge topology. Wherein N, is the transformer primary turns number, and N
is the transformer secondary turns number. The user can define the transformer scale by PMBus command
MFR_TRANSFORMER_SCALE (Ng/N;) for all isolated topologies. The XDPP1100 FW will calculate the
trans_scale_loop based on MFR_TRANSFORMER_SCALE command and device topology. FW takes care of factor
2 for the half-bridge topology, and the user should not be concerned with setting it manually.

The register pid_ff_vrect_sel selects the FF input source. In this demo board, VRSEN is used for the FF
computation.

Vout, target

ted d d=
computed_feed_forwar Vrect

1
veontrol U120 /J\

pid_ff_one_div_vout_scale_loop e

pid_ff_vrect_sel[1:0]

(from VRSEN) vrectl 0120

(from BVRSEN) vrect2 .
one_div_vrect X

DV U-5.19 U-9.22

computed_feed_forward

pid_ff_vrect_override o

tlm_vrect_scale_loop o

(from PRISEN) one_div_vingg 17 X Vo2

pid_ff_i82_div_trans_scale_loop

U-4.23

Figure 22 XDPP1100 FF computation

The user could configure the FF registers by using GUI design tool 7 “Advanced features”, “Feed-forward” tab
(Figure 23).

More details of input voltage sensing and feed-forward can be found in the XDPP1100 application note.
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8! Advanced Configuration — [m] X

Feedforward Cument balancing Fluxbalancing Curment sharing Sync In/Out Droop  FastTransient Burst

Feed-forward Config

pid0_ff_ck ad 2 :
pid0_kp_ff_pf 12 3] Cutoff D53IMH:
pid0_ff_gain_scale 16 =
pid0_ff_vrect sel (V51 (VRSEN) Vrect v]

pid0_ff_vrect_ovemide 924

pid0_ff_ovenide 0

pid0_ff_ovenide_sel ‘use vrect selected by pid0_ff_vrect_sel ‘

vrs_same_cycle_en ‘Same cycle mode enabled v ‘

vrs_meas_start_th ]

Read Al

When Vrect same cycle measurement is enabled by vrs_same_cycle_en, this parameter deines the number of samples after vrs_track _start_thr before
live updates are enabled. Note that samples o LSB = 40 ns, Range = 0to 1240 ns

Loop Selection |Loop0  ~ Aoply Help

Ready

Figure 23 Feed-forward configuration tool

In a pre-bias start-up situation, the error between the initial voltage and the actual input voltage could cause
small glitch on the output voltage at start-up, especially at low-line (36 V) or high-line (72 V). This is because the
FF duty-cycle is computed based on the initial voltage, not the actual input voltage. When the input voltage is
higher than the initial voltage, output voltage has overshoot. Figure 45 shows pre-bias start-up waveform at 72
Vinput while the initial voltage is set to 48 V; 1.7 V overshoot is observed on the Vour waveform.

To reduce the voltage glitch, this demo board added another channel to sense the input voltage. The input
voltage is sensed at the output of the auxiliary transformer and is fed to the PRISEN pin and TS ADC input
(Figure 24). The voltage at the PRISEN pin is proportional to the input voltage as long as the bias power supply
is regulated. The PRISEN input voltage sensing is configured by register vin_pwl|_slope and vin_trim.

The vin_pwl_slope can be calculated by the following equation:

AVin x 1.2 x 2°
AVPRISEN

vin_pwl_slope =

Transformer T3 in Figure 24 has a 1:1 turns ratio. The voltage across capacitor C61 equals the input voltage.
The AVerisen /AViy is the resistor scale of the PRISEN resistor-divider (R74, R75). To utilize the full input voltage
range of TSADC (1.2 V), it is recommended to set the scale of Vi resistor divider by:

1.2V

Vin_max

For example, for maximum 95 V input the Vi resistor-divider ratio is set to 1.2 V/95V =0.0126 V/V. To get this
ratio, select R74 =100 kQ, R75 = 1.3 kQ; the actual divider ratio is 0.01283.

2% 25
0.01283
The vin_trim configures the offset of the input voltage that is sensed by PRISEN.

vin_pwl_slope = = 2993
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With the PRISEN circuit, the XDPP1100 could sense input voltage prior to enabling the main power stage. The
FW is patched to write vrs_voltage_init based on the PRISEN sensed input voltage at the time when the
converter is enabled; the FF duty-cycle is calculated with actual input voltage, and thus eliminates the glitch on

VOUT-
D5
R73 R74
12vp PRISEN
51.1 100k
0.1%
390V
hing 7C61 G2
D%E D6 T Tzouv 2000
DC+ 100V o
-
350v )
C60
10uF
Tlﬁ\/
C0805
I D>12VS
LJuu\!J
o Z W D>12Vp
9 S o LPDEO@O\/ 224MR
R37 C79 1l slLM5018 c7 R47
4.87K 0.022u 1 8.87K
T sov —T-C17 20K C69'! 1000pF
0.1uF ]];
50V 1
—T—C23
10uF
Ra8 oo
beS>—4 %1‘37}( C0805
Figure 24 Input voltage sensing by PRISEN pin

During regulation, the input voltage telemetry and protection are sensed by VRSEN. VRSEN ADC has much
higher performance than the TS ADC (PRISEN), provides greater accuracy and much faster FF response and
fault protection. PRISEN telemetry is only activated before switching starts or after shutdown.

Table 6 VRSEN vs. PRISEN

ADC Sample rate (Msps) | Resolution (mV) Range (V)
VRSEN 11-bit 50 1.25 Oto2.1
PRISEN 9-bit 1 2.344 Otol.2

The user can use the GUI design tool 6 “Basic configuration”, “Vin Telemetry” tab to configure the input voltage
sensing. Please note, the input voltage souce tlm0_vin_src_selis set to 3 (TS ADC Vi) for pre-start-up Vix
telemetry and protection. Once the converter starts switching, FW switches the input voltage source to VRSEN
(tlmO_vin_src_sel = 0). It switches back to TS ADC V| sense when the converter shuts down.

3.24 Flux balancing configuration

The flux balancing should be configured in design tool 7 “Advanced features”, as shown in (Figure 25). The
XDPP1100 implements flux balancing by maintaining volt-second balance in each half-cycle. The voltage and
timing are measured from the transformer secondary winding by the VRSEN pin. The error between the volt-
second product of each half-cycle is fed to a Pl compensation network for duty-cycle adjustment.
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Flux Balancing
fball Fbal faults
[ ramp0_dutyc _lock flux_bal_thresh 255
pallfwed [0 fbal integ_thresh | Disable v|
I -
fball_fw_en ‘use HW computed flux / voltage balance adjust foal jpt fopati 0
fbal_delta_abs_en |convert to abs value afterlpf
foal_max 20
DCM
fbal_time_of Disabled
Lpme_ory [Disa fbal_dem_thresh 126 2
ki_fbal 30 > —
4 ~
kp_fbal |8 B fbal_dem_dis_cnt
number of consecutive cumrent samples
vbal_mode_sel |Flux balance mode (select for Ful-Bridge primary) + below threshold to disable fbal
fbal_dem_ena_cnt |2 ~
number of consecutive cument samples below
threshold to disable fbal
foal_dem_Qout_duty_adj  [zero out fbal_duty_adj ~
Read All
Flux balance emor fault threshold. LSB = 2 V-us, Range = Oto 510 Vus
Loop Selection |Loop0 ~ 0K Apply Help
Ready
Figure 25 Flux balancing configuration

The XDPP1100 allows the user to select balance mode per the following configuration. The “voltage balance”
adjusts the odd duty-cycle only based on the voltage of the odd and even cycles. The “time only balance” will
adjust odd duty-cycle only based on the pulse width of the odd and even cycles. To enable flux balance (volt-
second balance), vbal_model_sel and fbal_time_only should be set to 0.

The “voltage balance” can be selected in half-bridge applications. The “time only balance” is useful when the
voltage sense is not accurate due to parasitic ringing that appears on the V...: waveform. It could ignore the
voltage mis-match and only corrects the timing mis-match.

Table 7 Volt-second balance mode

Balance mode Register name Value

Voltage balance vbal_mode_sel 1

Flux balance vbal_mode_sel 0

(volt-second balance) fbal_time_only 0

Time only balance vbal_mode_sel 0
fbal_time_only 1

3.24.1

Maximum limit of duty-cycle correction

The fbal_max register limits the maximum duty-cycle correction applied by the flux balance filter. The LSB of
this register is 2/-10, and the range is from 0 to 24.902 percent.

For example, a full-bridge converter has a switching frequency of 250 kHz. The estimated maximum timing mis-
match is 40 ns. Expected maximum timing correction is 80 ns, which is 2 percent duty-cycle. Then fbal_max

should be set to 20 for 2 percent maximum limit.

2%
f_bal_max = 5710 =
Application Note 29 of 71
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Please note, setting fbal_max = 0 will block duty-cycle adjustment from the fbal function.

3.2.4.2 Flux balancing Pl filter

The flux balancing Pl filter is defined by kp_fbal, ki_fbal. It consists of a proportional term that works on the
instantaneous magnitude of the error, and an integral term that works on the magnitude and the duration of
the error. The integral term is the sum of the instantaneous error over time, and it gives the accumulated error.
The integral term sets how strongly the loop will respond to the “past” information. The integral term sets the
low-frequency gain, and the proportional term sets the high-frequency gain. The magnitude response of the PI
filter is defined by:

ki
\/kpz * (27r-Tls-f)2

Here, Tsis the converter switching period.

Table 8 Flux balancing PI filter register
Register Description Equation
kp_fbal Flux/voltage balancing PI filter kp_exp = kp_fbal [5:3]
proportional coefficient index kp_man =8 + kp_fbal [2:0]
kp =kp_man * 2”(kp_exp - 18)
ki_fbal Flux/voltage balancing Pl filter ki_exp = ki_fbal [5:3]
integral coefficient index ki_man =8 +ki_fbal [2:0]
ki =ki_man * 2" (ki_exp - 22)

Design example:
kp_fbal = 8,=001000, kp =8 * 27 (1-18) =6.1*107-5
ki_fbal=30,=011110g, ki = (8+6) * 2/ (3-22) =2.67*10"-5

The Pl filter magnitude over frequency can be plotted as in Figure 26, at Fs, = 250 kHz.

fbal PI filter magnitude

10 100 1000 10000
Frequency (Hz)

Figure 26 fbal PI filter example

Note: Subscript #, means the data is in decimal format; #s means the data is in binary format.
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At light load, output inductor current flows in a negative direction. If the secondary rectifier is not an SR
MOSFET but a diode, the output current is discontinuous. It can be termed Discontinuous Conduction Mode
(DCM) to indicate that the inductor current is discontinuous (diode mode) or negative (SR mode).

3.24.3 DCM operation

In DCM operation, the VRS rising edge happens before the primary PWM rising edge because the negative
current in the inductor drives the VRS high as soon as the opposite SR turns off. That means the V.. pulse width
could not indicate primary PWM mis-match. Disabling flux balance in DCM is recommended. Flux balance DCM
control registers are listed in Table 9.

P2 ’ ::i E"—Isolatorand‘ ‘ LY \E
,; ] ériverdetay v 4 ’ :
- i ml i |
A 1 A A | - ]
] ) B ) | 1 / il J |
B e Bovases aand . ]“*-t- e i
CCM DCM lus/div

Ch4: PWM output of odd cycle (5 V/div).
Ch3: VRS sense voltage (1 V/div). Ch2: Transformer voltage (50 V/div)

Figure 27

Table 9

Registers to disable flux balance in DCM

Full-bridge VRS voltage waveform in Continuous Conduction Mode (CCM) and DCM

Register name

Description

Example

fbal_dcm_thresh

Determines where the fbal duty adjust
will be removed in DCM mode

Index of 63 disables feature
LSBO0.5A,range0to 31 A

Set to 20 for 10 A DCM threshold

fbal_dcm_dis_cnt

1 to 4, number of consecutive current
samples below threshold to disable
fbal

Set to 2, flux balance will be disabled
after three consecutive current
samples lower than fbal_dcm_thresh

fbal_dcm_ena_cnt

1 to 4, number of consecutive current
samples above threshold to enable
fbal

Set to 2, flux balance will be enabled
after three consecutive current
samples higher than fbal_dcm_thresh

fbal_dcm_Oout_duty_adj

Determines whether in DCM mode to
zero out fbal_duty_adj or freeze the
current duty adjust

0 = freeze the current fbal_duty_adj
1=zero out fbal_duty_adj
Setto 1is recommended

The DCM threshold varies with input voltage. Setting the fbal_dcm_thresh based on high-line operation could
cover both low-line and high-line situations. A variable fbal_dcm_thresh per input voltage is also possible by

FW patch.

Setting fbal_dcm_dis_cnt, fbal_dcm_ena_cnt to a higher number helps reduce jittering at the threshold

boundary.

More details of flux balancing can be found in the XDPP1100 application note.
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4 Regulation and telemetry

4.1 Line and load regulation

Line and load regulation was tested at 36 V, 48V and 75V input, at 0 A/5 A/10 A/25 A/30 A/40 A/50 A load. The
FB-FB board is designed to work in open-loop condition at low-line (less than 42 V), when output voltage drops
with V. Thus at 36 Vinput, the output voltage is set to 10 V for regulation.

Line/load regulation (FBFW_P4_12V _50A)
0,6%
0,4%
)
s 0,2% Positive Error Limit
% =36
£ 0,0% e
; 10 20 30 40 50 60
2 -02% —48
3 . -
-0,4% = Negitive error limit
-0,6%
Load current [A]

Figure 28 600 W FB-FB line and load regulation

4.2 Output voltage ripple and stability

Output voltage ripple was measured at the tip-and-barrel test point at 20 MHz BW. Output voltage ripple and
stability results are shown below, with a 240 mV limit. Ripple and stability is output PARD measured over a
wider time base while only ripple is measured on a cycle-by-cycle timeframe.

Output voltage ripple and stability

300
— 250
Q.
o
>
E
% = Ripple Limit
s —%—175
>
()]
= 48
2
x ——36
0 } } } } } i
0 10 20 30 40 50 60
Load current [A]
Figure 29 Output voltage ripple and stability
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Output ripple and stability waveforms are shown in Figure 30. Ch3: output voltage AC coupled, 50 mV/div.
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Figure 30
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Output ripple only waveforms are shown in Figure 31. Ch3: output voltage AC coupled, 50 mV/div.
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Figure 31 Output ripple waveforms

4.3 Vin telemetry

XDPP1100 senses input voltage from the secondary side of the transformer through V... sensing. It can also
sense the input voltage through the PRISEN on the XDPP1100 taken from the bias winding, before the main
converter switching starts. Once the main converter starts switching, the input voltage sense changes to Ve
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sensing. See descriptions in 3.2.3. Figure 32 shows the input voltage sensed by Vit in regulation. At heavy load,
the voltage drop on power path resistance could introduce READ_VIN error. XDPP1100 enables resistive
compensation, which is set by register tim0_vrect_rcorr (LSB=3.90625 m Q). Setting this register to 8 (31.2m Q)
gave a good compensation result. The error of Viy telemetry is within +/-2 percent. The absolute error is less
than 0.5V, when tested with flux balancing set to “time only” mode.

Input voltage telemetry
2,5%
2,0%
1,5%
1,0% -
\/ == Positive Error
0,5% —
. - = Negative Error
g 0,0% 1 1 ) 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I N L d
b o-Loa
-0,5% 30 40 50 60 70 80
——Half_Load
-1,0%
—— Full-Load
-1,5%
-2,0%
-2,5%
Input voltage [V]

Figure 32 READ_VIN accuracy

The input voltage telemetry sensed on the PRISEN input is taken from the bias supply while the main converter
is not switching. Figure 33 shows the telemetry result with PRISEN.

Settings used for PRISEN to sense input voltage on 600 W FB-FB quarter-brick:

e prisen_meas_en=1

e vin_pwl_slope =2993
e vin_trim=28

e tlmO_vin_src_sel=3

2,50%
2,00%
1,50%
1,00%
0,50%

PRISEN read Vin accuracy

e \/in telemetry error

0,00% o o
0.50% 36 40 44\”/52 56 60 64 Y 72 75 e Positive Error Limit

Negative Error Limit

Error

-1,00%
-1,50%
-2,00%

-2,50%
Input voltage [V]

Figure 33 PRISEN READ_VIN accuracy
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4.4 lout telemetry

Output current telemetry has less than 1 A error over all input lines at loads from 3 Ato 50 A. The error at light
load is due to the CS op-amp being clamped when current is negative, thus the IC sees a larger error. Current
read with temperature compensation is enabled. The temperature sensor assigned to READ_TEMPERATURE_1
is used to compensate lour telemetry.

Output current telemetry
1,50
1,00
s
@ 0,50
-;-: —36Vdc
£ 000 — ——48Vdc
> T an
__: 050 0 /3/ 5 /16/ 25 30 \40\ 50 75vdc
g ’ 1 ope . .
5 —t7 Positive error limit +/- 1 amp
® -1,00
§ == Negitive error limit +/-1lamp
-1,50
-2,00
Output current

Figure 34 READ_IOUT accuracy

4.5 Iin telemetry

Input current is estimated based on loyr and Viy (tImO_iin_src_sel=2). The accuracy of loyr telemetry directly
impacts | telemetry. READ_IIN accuracy is within +/-10 percent at loads of 10 A and above.

READ_IIN accuracy

15,000%
)
c
v 10,000%
S
S

0,
= 5,000% )/ ——36 Vdc
S

o O . ——48Vdc
c = 0000% — : . . .
'_; (7] 10 25 30 40 50 72 Vdc
3 -5,000% Positive Error Limit
S
o 10.000% == Negative Error Limit
Q - ) o
7]
(a4

-15,000%

Output current

Figure 35 READ_IIN accuracy
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4.6 Efficiency

The efficiency is measured over line and load. At 36 Vinput, Vour is set to 10.7 V for regulation, thus the
maximum output power is 535 W at 36 V input. Gate dead-time is minimized to increase quarter-brick efficiency
(Figure 36). In the efficiency test, the output voltage is measured at the power pin 12 Vour and RTN to exclude
voltage drop loss due to contact resistance. Thus output voltage in the table shows a small drift. The actual
output voltage at the remote sense point is constant without drift.

98,00% . .
600W XDPP1100 FB-FB quarter-brick efficiency
96,00% —
94,00%
92,00%
z
c
-2 90,00% —\/in = 36 Vdc
* 88,00% = Vin = 48 Vdc
Vin =72 Vdc
86,00%
84,00%
82,00%
5 10 15 20 25 30 35 40 45 50
Output current
Figure 36 Efficiency of 600 W quarter-brick FB-FB with digital controller XDPP1100
Table 10 600 W QB efficiency table
Testing done at 36 V DC input
Vin (V) Iin (A) Pin (W) Vour (V) lout (A) Pour (W) Efficiency (%)
36.019 0.157 5.654 10.698 - - -
36.054 3.158 113.85 10.716 9.997 107.13 94.10%
36.083 6.189 223.31 10.736 20.008 214.81 96.19%
36.097 9.257 334.14 10.754 29.994 322.56 96.53%
36.080 12.385 446.85 10.773 39.981 430.72 96.39%
36.023 15.497 558.24 10.727 49.972 536.05 96.03%
Testing done at 48 V DC input
Vin (V) Iin (A) Pin (W) Vour (V) lout (A) Pour (W) Efficiency (%)
48.007 0.127 8.25 12.001 - - -
48.045 2.711 130.24 12.017 10.000 120.17 92.27%
48.036 5.261 252.71 12.033 20.002 240.68 95.24%
48.014 7.844 376.62 12.050 29.988 361.36 95.95%
48.021 10.466 502.58 12.071 39.975 482.54 96.01%
48.087 13.118 630.80 12.095 49.964 604.31 95.80%
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Testing done at 72 V DC input
V|N (V) IIN (A) P|N (W) VOUT (V) IOUT (A) Pou‘r (W) Efficiency (%)
72.025 0.173 12.46 12.000 - - -
71.865 1.867 134.17 12.018 10.000 120.18 89.57%
71.898 3.614 259.83 12.026 20.011 240.85 92.70%
71.831 5.354 384.58 12.058 29.996 361.69 94.00%
71.654 7.141 511.68 12.080 39.982 482.98 94.39%
71.568 8.967 641.75 12.106 49.972 604.96 94.27%
Gate timing settings used for efficiency measurement are shown below.
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Figure 37 Gate timing settings used for efficiency measurement
4.7 Temperature telemetry

The XDPP1100 supports both external temperature sensing and internal temperature sensing for protection
and monitoring. External temperature sensing is performed with a 47 kQ NTC thermistor, in parallel with a 12

kQ resistor.

To test temperature telemetry, the unit was heated up while reading the board temperature through the
XDPP1100 controller. The board was tested at a nominal input voltage of 48 V DC. The fan speed was slowly
380f 71
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reduced, causing the board to heat up. The measurement was taken by using a thermocouple applied to the
PCB. The telemetry reading was fairly close to the actual temperature measurement.

Table 11 Temperature telemetry accuracy
Temperature, Ti (XDPP1100 Real lsense trace temperature
Temperature, Ta (NTC telemetry) internal telemetry) (thermocouple)
0 0 0
10 10 10
20 20 20
30 31 31
40 40 40
50 51 50
60 60 61
70 70 72
4.8 Thermal image

The thermal image at 50 A full load is shown in Figure 38, Figure 39 and Figure 40.
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Figure 38 Full load thermal image at 36 Vinput and 7.5 V on cooling fan
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Figure 39 Full load thermal image at 48 Vinput and 7.5 V on cooling fan
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Figure 40 Full load thermal image at 75 Vinput and 7.5 V on cooling fan
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5 Operation waveforms
5.1 Primary and secondary gate and drain signals

The following waveforms were taken to show the optimization of dead-time between the primary and
secondary MOSFETSs. The dead-time between the primary gate and the diagonal SR gate is minimized to 40 ns
for the best efficiency. The detail waveforms shows the dead-time.
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Figure 41 Primary and secondary gate drive waveforms
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Figure 42 Primary and secondary gate and drain waveforms
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5.2 Soft-start

Soft-start is tested at 0, 50 percent and 100 percent load, at 36 V/48 V/72 V input. SR is enabled from the
beginning of start-up (diode emulation mode is disabled). It is tested at TON_RISE =20 ms. Vour has a
monotonic ramp without glitch.

Figure 43 shows start-up waveforms at 48 Vinput.

& &
Measure P1:freq(C1) P2:duty(C1) P3:pkpk(C2) P4:mean(C4) P5:mean(C3) P&:mean(C4) | Measure P1:freq(C1) PZ:duty(C1) P3pkpk(C2) P4:mean(C4) PSmean(C3) PeE:mean(C4)

value 12.42v value 1235V
status v status v
Norra 5967 Norra 5967
100kS  2.0MSisjEdge  Positivel 100kS  2.0MSisjEdge  Positivel
48 Vinput, 0 A load 48 Vinput, 50 A load

Figure 43 Monotonic start-up (Ch2: Vour 2 V/div)

5.3 Pre-bias start-up

Pre-bias start-up is tested at no-load condition, with Diode Emulation (DE) mode (PMBus command 0xC5
FW_CONFIG_REGULATION bit:0 =1, EN_DE_STARTUP=1), and with SR enabled (PMBus command 0xC5
FW_CONFIG_REGULATION bit:0 =0, EN_DE_STARTUP=0). The output pre-bias turn-on is tested with and
without input voltage sensed by PRISEN. The label of “VOUT without PRISEN patch” is tested with Vi input
voltage sensing (tlm0_vin_src_sel=0), with vrs_voltage_init = 58 (initial input voltage set to 48 V). The label of
“VOUT using PRISEN patch” is tested with PRISEN input voltage sensing priort to start-up (tlm0_vin_src_sel=3),
and switched to V..: sensing after the converter is enabled. The control of the transition is handled by FW patch.

Settings used for PRISEN to sense input voltage on 600 W FB-FB quarter-brick:

e prisen_meas_en=1

e vin_pwl_slope =2993
e vin_trim=28

e tImO_vin_src_sel=3

Pre-bias voltage is set to 90 percent of the target Vour (10.8 V).
Ch1 =Vour without PRISEN patch, Ch4 = secondary gate, M1 = Vour using PRISEN patch

The start-up ramp will keep the same slope as regular start-up without pre-bias. The start time is calculated by
FW:

Ramp_time = TON_RISE * (VOUT_COMMAND - Pre-bias_voltage) /VOUT_COMMAND
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VOUT_PRISEN_PATCH

vour J

_,' youtr ]l///“w
i
SRFET_GS N P
4 SRFET_GS

i -
ag DEB| M i
20.0 Vidiv| wsidiv] Stoj L
-60.00 V ofst] S GSis JEdg g 20.0 Vidiv|
-60.00V ofst]

TELEDYNE LECROY
TELEDYNE LECROY

48 Vinput, Vour = 12V, pre-bias 10.8 V, DE mode 48V input, Vour = 12V, pre-bias 10.8 V, SR mode

Figure 44 Pre-bias start-up at 90 percent Vour, 0 A load, 48 VViy

Avoltage step at no-load is observed at the beginning of ramp with diode emulation start-up (DE mode). This is
because the start-up duty-cycle is predicted by the FF circuit based on Vour/(Vin*Ns/Np). This works when SR is
enabled. The actual desired duty-cycle is very narrow at no-load in DE mode. In DE mode, the energy delivered
to load is more than required, thus the output voltage is charged up with a step. The feedback loop will then
reduce the duty-cycle or even turn off primary PWM. But since there is no load to discharge the output
capacitor, the voltage plateau is held there until the internal ramp exceeds the plateau voltage and continues
to charge the output capacitor toward target Vour. At the end of the ramp, SR will turn on when Vour reaches the
target voltage, which is defined by (VOUT_COMMAND - Vout_target_window). There is a small glitch when SR
turns on, caused by the difference between body diode voltage drop and MOSFET channel voltage drop.

Ch1 =Vour without PRISEN patch, Ch4 = secondary gate, M1 = Vour using PRISEN patch

VOUT_PRISEN_PATCH
- - T E R Vour(1 V/div)
Jﬁ-___. ‘_____-f.-— i

x
20.0 Vidiv 500 ps/div] A\
-60.00 V ofst 500M8 1.006GS8/s|Edge Positivel

TELEDYNE LECROY 10/9/2019 4:49:28 PM

e
20.0 Vidiv| 500 psidiv| Stop 98V
-60.00 V ofst) 500MS 1.0GS/s|Edge  Positive]

TELEDYNE LECROY 10/9/2019 5:04:34 PM

72Vinput, Vour =12V, pre-bias 10.8 V, DE mode 72 Vinput, Vour = 12V, pre-bias 10.8 V, SR mode
vrect_voltage_init =58 (48 V) vrect_voltage_init =58 (48 V)

Figure 45 Pre-bias start-up at 90 percent Vour, 0 A load, 72 Vinput

At 72 Vinput pre-bias start-up, higher voltage spike is observed at the beginning of the ramp in both DE mode
and SR mode. This is because the initial voltage was set to 48 V and the FF duty-cycle is calculated based on 48
Vinput. This results in larger duty-cycle than the system requires. To solve this issue, the board adds another
input sensing channel using the PRISEN to sense the input voltage before switching starts. A FW patch is loaded
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in the chip. It copies the measured input voltage to the initial voltage register (vrs_voltage_init) when the
converter starts up. This ensures accurate calculation of the FF duty-cycle. The test result shows that the
output voltage spike is greatly reduced by the M1 plot in Figure 45.

5.4 Load transient of VYMC

The loop was optimized with the following PID values for VMC. For 36 V DC inut the output was set to regulate at
10V. E-load transition rate is set to 2.5 A/us.

Pid0_kp_index_1ph =39, Pid0_ki_index_1ph =25, Pid0_kd_index_1ph =60.

The overshoot and undershoot are less than 250 mV. The loop settling time is less than 50 ps.

Ch4: Vour (AC coupled 200 mV/div) e

—

Output Current 20A i
lour (10 A/div) lour (20 A/div)

18

=

-l -l
Vin=36VDC at 10 percent - 50 percent - 10 percent | Viy=36V DC at 50 percent - 100 percent - 50 percent
load transient load transient

(a) (b)

Ch4: Vour (AC coupled 200 mV/div) g
“ | H bk LR Qi | “ I | | | ‘M[ H "‘ }]1‘ H [!HIH{,

N— IOUT (20 A/le)

lout (10 A/le)

12

3

- T
Vin=48V DC at 10 percent - 50 percent - 10 percent | Viy=48V DC at 50 percent - 100 percent - 50 percent
load transient load transient

() (d)
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Figure 46 Load-transient waveforms

Ch4: Vour (AC coupled 200 mV/div), Ch3: lour
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5.5

Bode response

infineon

To verify the GUI design tool, the real measured bode plots are compared against GUI predicted bode response.
The accuracy of the predicted bode plot is highly dependent on the accuracy of the load model (i.e. the ESR of
output capacitors, the DCR of inductor and transformer). Please find the load model in each bode plot figure
section. The Bank 2 capacitors are the filter capacitors on the test fixture.

Below are measured bode response plots taken at 48 Vat 0 Aand 50 A.

Mag [B/A] (dB)
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20.000 e e e 100.000
—
10.000 ] 50.000
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Figure 47 Bode response at 48 Vinput, 0 A load
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Figure 48 Bode response at V,\y =48 VDC, 50 A load

It can be seen that the measured crossover is fairly close to the predicted GUI bode response at full load. The
small difference in crossover frequency is most likely due to tolerances in the loop values used plus in the
output filter itself. The bode plot at no-load does not exactly match the predicted response. This is because the

model assumes CCM operation and in DCM the model is not accurate.
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5.6 Input line transient and feed-forward

Line transient is tested with FF enabled. Set pid0_ff_vrect_sel =0 to select Vi..: as the source of input FF sensing.
The overshoot and undershoot are less than 100 mV in the line-transient test.

Ch1=Vour (200 mV/div), Ch2 = loyr (50 A/div), Ch3 =V)y (20 V/div)

Vour (200 mV/dIV)

y vourl 7' ' ' ﬁ' : :

5 3
¥ A ¥ i

09 [ mebase 10009 (Trigger  EHEM)]
50.0 Aldw| 200Vl 100 psidvfStop 514 V| 50.0 Aldy 20.0Vidi 100 sfdiv| Sto 514V
0.0 Aoffset] ~100.00 V| 5.00MS  5008/s]Edge  Positive) 0.0Aoffset -100.00V 500 M8 50 068/s]Edge  Negativel

L S| g
TELEDYNE LECROY 10/9/201910:49.22 AM TELEDYNE LECROY 10/9/2019 10:50:30 AN

Vin=48V DCto 72V DCinput line transient 2 V/us, 0 A Vin=72V DCto 48V DCinput line transient 2 V/us, 0 A
(@) (b)

3
(Timebase 10049 (Trigger  (EH)
50.0 Aldlv| 20.0 Vidiv| 50.0 A/dlv| 20.0 Vidiv| 100 psfdivl Stop 514V
0.0Aoffsel -100.00 V] 0.0Aoffsel -100.00 V| 500M8 5.0 08/s|Edge  Negative)

TELEDYNE LECROY 10122019 10,42 38 AN TELEDYNE LECROY 101812018 10:44:17 AW

Vin=48V DCto 72V DC input line transient 2 V/us, 50 A Vin=72V DCto 48V DCinput line transient 2 V/us, 50 A
(c) (d)
Figure 49 Input line transient waveforms
5.7 Flux balancing using VMC

The XDPP1100 implemented volt-second-based flux balancing. It uses the rectified voltage (Vr) for voltage and
timing measurement during each half-cycle. Error between the volt-second product of each half-cycle is fed to
a Pl compensation network for duty-cycle augmentation. The high-speed edge comparator ofvoltage sense
front-end has 5 ns accuracy for timing measurement, enabling high-performance flux balancing.

The adjustment only applies to odd half-cycles.

volt_second_error = vdt + tdv
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vdt = (vrs_vrect_even + vrs_vrect_odd) X (cnt_vrscomp_even — cnt_vrscomp_odd)
tdv = (ent_vrscomp_even + cnt_vrscomp_odd) X (vrs_vrect_even — vrs_vrect_odd)

The following registers are used for volt-second computation. Table 12 lists the registers of vsp1 for fbal.

Table 12 Status_Vsense registers for volt-second computation (vsp1)

Register name Description

vspl_vrs_vrect_even Measured VS1 (VRSEN) ADC rectification voltage on the even half-cycle.
LSB1.25mV

Range 0t05.11875V

vspl_vrs_vrect_odd Measured VS1 (VRSEN) ADC rectification voltage on the odd half-cycle.
LSB1.25mV

Range 0t0 5.11875V

vspl_cnt_vrscomp_e Non-averaged VRS1 VRS comp. pulse width measurement result for the even
half-cycle of bridge topologies.

LSB5ns

Range 0 to 10235 ns

vspl_cnt_vrscomp_o Non-averaged VRS1 VRS comp. pulse width measurement result for the odd
half-cycle of bridge topologies.

LSB 5ns

Range 0 to 10235 ns

The status registers can be read from the “common” register tab in the XDPP1100 GUI, under the Status_Vsense
folder. vrs_vrect_even and vrs_vrect_odd are the VRS ADC measured voltage after a low-pass filter. The value of
vrs_vrect can be estimated by input voltage Vin, MFR_TRANSFORMER_SCALE, and the V. resistor-divider scale
MFR_VRECT_SCALE.

MFR_TRANSFORMER_SCALE defines the transformer turns ratio; set this scale per Ng/N.
MFR_VRECT_SCALE is the resistor-divider ratio of Vyect.

For example, at 48 V input, transformer scale N¢/N; = 1:3, Vi« Scale = 0.073, the vrs_vrect_even and
48Vx5%0.073

vrs_vrect_odd are expected to be approximately equal to = 934,

1.25mvV

Register Map  Design Tools  Utiltes

fautD  fanD  fanl tsen timcom
faulkcom test teststat cse Ente t E Q
tim analog wvsen0 wsenl wvcontrolD
pid0 isen)  pwm common  telem(
fw_reset A
|- Status_Vsense
vsp1_vrs_vrect_even
vsp1_vrs_vrect_odd
vsp1_vrs_vrect
vsp2_vrs_vrect_even
vsp2_vrs_vrect_odd
- wsp2_vrs_vrect
-wsp1_cnt_sif_avg
_cnt_sm_avg

vspl

vsp1_cnt_sif 2vrsr

vsp1_cnt_vrsf2sm

-vspl_cnt_vrscomp_e Register Read and Write
vspl

vspl

_cnt_vrscomp_o vsp1_vrs_vrect_even

—sm_bA_yrst x70003034 [11:0] 230
-vsp1_vrsr_bd_sf
-vsp2_cnt_sif_avg
- vsp2_cnt_sm_avg
vsp2_cnt_sif2vrsr

vsp2_cnt_vrsf2sm hd Write

Figure 50 Vsense Status registers
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5.7.1 Flux balancing result with mis-matched dead-time

Flux balancing is enabled with kp_fbal =8, ki_fbal = 30, vbal_mode_sel =0, ramp0_dutyc_lock =1, and
fbal_time_only = 1 to enable time only balance.

Add 30 ns extra delay imbalance to one side of the primary-side gate drive using VMC. As shown below, PWM2
and PWM3 have longer dead-times than PWM1 and PWM4. This test shows how the XDPP1100 controller
compensates for this flux imbalance with the gate timing offset. Note that the flux balance is disabled in DCM
when load current is less than 13 A.

a<' XDPP1B Topology =r=

[ Topology | DeadTime |
Dead Time

Tswid Tawi2 - 3Tswia Tsw

Primary Side
Rising Edge Falling Edge Rising Edge Falling Edoe  551zti0n Delay
@T= D7l 20.00 RS NDR 000 [iGe 82— D73 110.00 [2{fps DM 0.00 [ihs 00 [
Q3= D5 20.00 |>{He b 000 |ine Q4 D1 11000 [2/pe DB 000 line :
Secondary Side -
Rising Edge Falling Edge Rising Edge Falling Edge
SR1- Do 140.00 < pe D10 000 ps SR2- DTil| 140.00 |+{fne DTI2| 000 [${ps
SR3- D713 140.00 5 ps Di4] 000 £ ns SR4- D15 14000 H{ps DT6| 000 [${ps
Write
Lok ] [ Cancel | [ pony ] [ Heo
Ready
Figure 51 Dead-time configuration for flux balancing test

Table 13 took measurements across input line and load range of vsp1_vrs_vrect_odd, vsp1l_vrs_vrect_even,
vspl_cnt_vrscomp_e and vspl_cnt_vrscomp_o registers as well as photos of the switching waveforms with the
30 ns imbalance with vbal_mode_sel=0.

Table 13 V..t sense register status
Vin Output |vspl_vrs_vrect_odd |vspl_vrs_vrect_even |vspl_cnt_vrscomp_e |vspl_cnt_vrscomp_o
load

36V 25A 689 687 341 340
DC | 50A 689 690 340 340

48V 25A 918 917 309 305
DC | 50A 901 896 315 314

IPAY 25A 1355 1353 210 211
DC | 50A 1313 1307 217 212

Ch1 = primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 = Vour (AC coupled), Ch4 = primary-side transformer winding
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Figure 52 Flux balance waveforms with VBAL_MODE_SEL =0

5.7.2 Output load transient with flux balancing

This test runs an output transient response with the flux balance enabled on the XDPP1100 controller. The
primary-side gate drive has the 30 ns gate drive timing imbalance with vbal_mode_sel=0. This keeps the
voltage mode flux balance active. Also fbal_time_only = 1.

Ch1 = primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 = Vour (AC 500 mV/div), Ch4 = primary-side transformer
winding

V11l
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Figure 53 Output traf\sient waveforms with 30 ns dead-time mis-match and flux balancing

It can be seen that during output transient with 30 ns primary gate-drive timin

imbalance in the voltage waveform taken across the primary transformer
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Operation waveforms

5.7.3 Output turn-on/-off with 30 ns primary gate-drive timing imbalance

Switching waveforms during output turn-on and turn-off with 30 ns primary gate-drive timing imbalance with
XDPP1100 flux balance enabled, vbal_mode_sel = 0. Also fbal_time_only = 0.

Chl=primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 = Vour, Ch4 = primary-side transformer winding

ﬁ? TELEDYNE LECROY
Everywhareyoulook

q? TELEDYNE LECROY
Everywhoroyoulook

Vour

VWinding

i H

2l il I
e ulmi,
5.00 Vidi| 500 Vidiv| 50.0 Vidiv| fdiv| Normal / 5,00 Vi
-19.75Vofst]  -1455Vofs -54.0V ofs 125M8 250MSis Ed Eﬂh 1

Vin=48VDCat50A load
(a)

I

Hﬂl =n

Vgs 13 B”

q? TELEDYNE LECROY t "P TELEDVNE LECROY
Everywhereyouwook | | L TP Everywhereyouiool

Vwmdmg

‘HH“‘

i

LLILLE

Vgs “B”
vgs <A W
(Trigger GG 5[0
s |l s e e i
Vin=72VDCat50A load Vin=72VDCat50A load
(c) (d)

Figure 54 Output turn-on and -off with gate-drive imbalance at V,y=48 VDC and 72V DC

The start-up and shutdown waveforms show no issue with the 30 ns imbalance when the flux balance is
enabled.

V11l
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Operation waveforms

5.7.4

Flux balance during input transient with VMC

An input line transient was applied to the quarter-brick and the switching waveforms were recorded with the 30
ns imbalance dead-time, tested at 0.33 V/us Vi slew rate. In this test, fbal_time_only =0 and vbal_mode_sel =

0.
Ch2 = primary-side transformer winding (50 V/div), Ch3

=Vour (200 mV/div, AC coupled), Ch4 =V, (20 V/div)

TELEDYNE LECROV
reyouloo

Vour

Vwinding

LTI

Vin

111

Vin=72V DCto 48V DCinputline tran5|ent Wlth 12 v

m [
4‘

/|

TELEDVNE LECROY
Everywhoreyoulook™

5 fidiv| 200 mVidiv
ofs! 3920 mvj

Vin=72V DCto 48V DCinputline transient W|th 12 \

AL H e

IN

Vin= 72 V DC to 48V DC input line transient with 12V
at50A

at25A at25A
(a) (b)
Vour .
%WMMMMWM‘WMWMW <A A i S
Vwinding

(c)

e LTI

g (Trigger @0
5Juusmw Normal 598V
Elther]

2,50 M8
Vin=72V DC to 48V DC input line transient with 12V
at50A

(d)

5.0 68/s| Edge

Figure 55

Flux balance during input line transient

Line transient waveforms show the power supply had no issues with the 30 ns imbalance.

5.8 Burst mode operation

To increase light load efficiency, the converter could enter burst mode to reduce switching losses. The burst
operation is enabled by setting PMBus command 0x34 POWER_MODE = 0.

The burst entry threshold is defined by register pid0_burst_mode_ith; LSB of this register is IOUT_APC/2. For
example, the IOUT_APC of this demo board is 0.334 A configured by PMBus MFR_IOUT_APC of Loopl. The LSB

of the burst threshold is 0.167 A.
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Operation waveforms

The burst error is configured by register pid0_burst_mode_err_thr, with resolution 1.25 mV. It defines the error
voltage at the VSEN pin, thus the output ripple will be:

__ pid0_burst_mode_err_thr x1.25mV
Burst,ippre =
VOUT_SCALE_LOOP

When the load current falls below the desired entry current level, the converter enters burst mode operation.
The converter stops switching when entering burst (burst-off). Switching is resumed when the output voltage
drops more than the burst error threshold. In burst mode, PID output is frozen to the value prior entering burst.
Thus during the burst-on period, the converter works in constant on-time mode. The number of switching
cycles in a burst-on period is defined by register pid0_burst_reps. A higher number count can be used to
increase the inductor peak current in a burst event, which will increase the burst-off time at a given load
condition, thus reducing the averaged power loss. On the other hand, higher burst count results in higher
voltage ripple. The optimized value should be determined by the load of burst and the desired output ripple.
The SRs are turned off during burst mode. For bridge topologies, the positive and negative half-cycles occurin
pairs.

Burst mode configuration:
Pid0_burst_mode_ith =50, Pid0_burst_mode_err_thr =15, and 0x34 POWER_MODE =0.

Ch1=primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 = Vour (200 mV/div, AC coupled), Ch4 = lour (10 A/div)

AN\ TELEDYNE LECROY ./ TELEDYNE LECROY
() plicrhlebes (L i »

erywhereyoulook

Vour
[=] l

73 ) | E Timebass -26.4 4 Tigger GG

(Tigger ¢ i

v 5,00 Vidi| T N ;‘,l‘,;‘g 5,00 Vidly 5,00 Vidiv 200 psidn|Stop 340V
14,60V ofst 125M5 25 GSis|Edge  Negalve ~19.60Vofst] _-14.60V.ofsl 1.00M3 50 6G8/s]Edge _ Positive)

Vin=48V DC at 0 A load in burst mode with 0 burst reps (1 cycle) Vin=48V DC at 2 A load in burst mode with 2 burst reps (4 cycles)
(a) (b)
P ey
Vour «

base 207 Tigger  GaE)
00 Vidh 5.00 Vidiv| 200 mVj " 2.00 ms/div] Stop 152 mV|
-14.60 V ofst] 178.0 10.0MS 500 MSis|Edge  Negative]

Vin=48VDC at 0 Ato 10 A transient, burst entry and exit waveform
(c)

Figure 56 Burst mode operation

Application Note 56 of 71 V11
2020-10-28



600 W FB-FB quarter brick using the XDPP1100 digital controller
48 V-to-12 V voltage mode control with flux balancing

Protections

6 Protections

(infineon

In this section, input and output fault protections are verified with different types of fault response. The default
fault threhsolds and fault response of the board are listed below.

Table 14 Default fault protection configuration
Protection type Default value Unit
(PMBus configurable)
Output over-voltage Fault limit threshold 14 v
Warn limit threshold 135 v
Fault response Disable and retry, no retry
Output under-voltage Fault limit threshold 8 v
Warn limit threshold 9 v
Fault response Ignore fault
Output over-current Fault limit threshold 60 A
Warn limit threshold 56 A
Fault response Operate for delay time 2 ms,
retry once with 2 ms delay
Output under-current Fault limit threshold -128 A
Fault response Disable and retry, no retry
Over-temperature Fault limit threshold 125 °C
Warn limit threshold 90 °C
Fault response Disable and resume when OK,
fault clears when on-board
NTC temperature falls below
the warn limit
Under-temperature Fault limit threshold -40 °C
Warn limit threshold -35 °C
Fault response Ignore fault
Input over-voltage Fault limit threshold 80 v
Warn limit threshold 78 Y
Fault response Disable and retry, no retry
Input under-voltage Fault limit threshold 31 Y
Warn limit threshold 33 v
Fault response Ignore fault
Input over-current Fault limit threshold 20 A
Warn limit threshold 17 A
Fault response Disable and retry, no retry
Max. output voltage Fault limit threshold 255 ms
turn-onrise time Fault response Ignore fault
Output over-current Fault limit threshold 65 A

fast fault or short-
circuit

Fault response

Shut down and no retry
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Protections

The fault threshold and response can be configured by the design tool “Fault Protections”. The 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. More details of
the fault and protections can be found in the XDPP1100 application note.

BJ XDPP1B Fault Protections — a b ! XDPP1B Fault Protections - o x
Protections  Fault Corfiguration Common Faults Pmbus Command protections Protections  Faukt Corfiguration  Common Faults Pmbus Command protsctions
Wamn Fault Response Retry Setti Delay Time Vout vn
pol &7 b fault0_vout_ov_fault_cnt |2 ~ faultd_vin_ov_fault_cnt [2 o
Voutovervoltage 13.5003 v 14.00(:3/y  [10:Disable and Rety | [N ety v | wiree faultd_vout_ov_warn_cnt |2 " faultd_vin_ov_warn_cnt |2 .
Voutunder voltage |9.000 3|y 8000 3]y [00ignore ] [Noreny V] [ ~ | wite fault0_vout_uv_fault cnt 2« foult0_vin_uv fautt_cnt 2
Output over current | 56.0 /A | 60.0 5 /A [0l:continues to operate (Cons - | [Retry once v| 2 | [wee ] fault0_vout_uv_warn_cnt |2 - faultd_vin_uv_warn_cnt |5 .
Output under current 12805 A [11Sudownand Rety | [Norety MR ~| [ wrte faultd_vout_fault_hyst |4 = fault0_vin_fault_hyst & -
MFR Ouiput over current fast 65.0 [<| A [11:Shutdown and Retry | Mo resy v | | wite Tout lin
~ ~ (0D | [« | [ | fault0_iout_oc_fault_cnt [4 v fault0_iin_oc_fault_cnt
Vinovervoltage  78.003/v 8000/ v jsable and Retry ] [No ety v || wite
9 fouk0_jout_oc worn_crt [+~ fault0_in_oc_warn_cnt
Vin under voltage 33005V 3100 V 00:lgnore ~ | [Noret “| [ ~
gt [00:qr | [Mo retry I [ | wres feut_mfe_iout_oc._fast_crt [5 = faultQ_iin_fault_hyst |1
Over lemperature 90.0 /€ 12503 C 11:Disable & Resume when o ~ | [Noretry ~l [ || i
B = e | I I T ol iout e fault <ot
Under temperature  -35.0 =€ 4005 € [00ignore v | [Narery ~| 1 | vt
faultd_iout_oc_fault_hyst [
The VOUT_UV_WARN_LIMIT command sets threshold for the output voktage low waming. This waming is masked unti the unit reaches the Read Al fault0_iout_uc_fault_hyst 4
programmed oufput voltage. The data bytes are two bytes formatted according to the setting of the VOUT_MODE command
The VOLIT_UV_WARN_LIMIT is used as the hysteresis threshold for VOUT_UV_FAULT Read Al
i
Select Loop oK Cancel Aooly Help | Select Loop oK Cancel Aoply Help
Ready Ready

Figure 57 Fault Protections design tool

6.1 Output OVP

Ch1l=primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 =Vour

" TELEDYNE LECROY "? TELEDYNE LECROY

Everywhoreyoulook

Everywhereyoulook

‘ (Tiebase 04 Tigger @Em) J (Toass 30677 (Tigger 9w
48 Vinput, 25 A load, disable and no retry 48 Vinput, 25 A load, disable and three retries
(a) (b)
Figure 58 Output OVP waveform
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Protections

6.2 Output OCP
Ch1=primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 = Vour, Ch4 = lour

Set e-load to CR mode for constant current test.

reyoulook”

P/ TELEDYNE LECROY P/ TELEDVNE LECROY
() i (i 5

Vour

lout

Vgs “A”

v S “B”
o) e e =
5.00 Vidiv| 5.00 Vidiv| 2.00 Vidiv| 5.00 msidiv| Stop 992V 5.00 Vidiv| 5.00 Vidiv| 20.0 Aidiv) 10, urysm,v Sto| p
-9.90 V ofst) -14.55 V ofst] -7.860 V ofst) 125MS 250 MS/s|Edge  Negative) -8.90 V ofst| -14.55V ofst| -20.20 A ofst) 10.0 M8 100 MS/s | Edge Nagauvs
48 Vinput, 50 A to over-current, constant current 48 Vinput, 50 A to over-current, shutdown with three retries
(a) (b)

Figure 59 Output OCP waveforms

6.3 Output short-circuit protection
The output was shorted with a load bank.

Ch1=primary Vgs “A”, Ch2 = primary Vgs “B”, Ch3 = Vour (2 V/div), Ch4 = loyr (50 A/div)

TELEDVNE LECRGY " TELED\'NE LECROY
areyoulod areyoulool

I lout le

H
\‘ M ” MW\M N‘L “l \\'\Hlllmﬂillllll"llllHH"llm\“\lllﬂ”7HHf":illl1"\\\|ll“i\\\ll'"!Wlu“W‘!i‘

”»
Vgs “B
4 (Trigger @8
5.00 Vidiv 5.00 Vidiv| ‘n 1 Stop 838V
-9.90 V ofst] -14.55V ofst S500MS 5. 0 Sls Edge  Negative]

—————— | =
Vin =48V DC, load changed from 50 A to short-circuit | Viy=75VDC, load changed from 50 A to short-circuit

=
A

(Timebase 10413 (Tiigger  EEIEH)

5,00 Vidi| 5.00 Vidiv| 2,00 Vidivl sidylStop 892V

-ga0voistl  -1455vorst]  -7.860Vofst 500 M3 5068/s Edge  Negative

with load bank with load bank
(a) (b)
Figure 60 Output short-circuit waveforms using load bank
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6.4 Input OVP

When the input voltage is sensed from the secondary side by Vi..: sensing, input over-voltage shutdown will be
latched shutdown. The converter could resume operation after the fault is cleared, Figure 61 (a).

With the help of the PRISEN circuit, the input voltage sensing could transfer from V. sensing to PRISEN sensing
after a fault shutdown. The converter could countinously monitor the input voltage and resume operation once
the fault is cleared, Figure 61 (b).

TELEDYNE LECROY
Vour | i

Vin

Vgs 13 B”

V S “A”

2 7S
11 i (Trigger _GAED) 1
500 Vidiy 500 Vi 200 Vidn| 100msidn]stop 480V 2.0 Vil 100 Aldly 500Vidiy
1a60vorst] -1e60orst 41,00 ofs 10015 10M5/s|Edge  Negatel _so00vorst] oooAofeet] 1000V oret

Vin =ramped up to 80 VDC at 25 A load Input voltage stepped between 48 Vand 80V,
(a) input OV resume when OK
Ch1=primary Vgs “A”, Ch2 = primary Vgs “B”, (b)

Ch3 =Vour (2 V/div), Ch4 = Vin (20 V/div) Ch1 =Vour (2 V/div), Ch2 = lour (10 A/div),

Ch3 =V (50 V/div), Ch4 = SR gate drive (20 V/div)

Figure 61 Viy OV fault protection

6.5 Input OCP
Note: Output current limit and output power limit were raised so as to not interfere with the test.

Ch2 = primary-side transformer winding, Ch3 = Vour (2 V/div), Ch4 = Iy (5 A/div)

q? TELEDYNE LECROY w TELEDYNE LECROY
VOU T Everywharoyoulook™ Everywhereyoulook™
e e e e e

VWinding

B
20.0 Vidv| 2,00 Vidiv
-79.00 V ofst] -6.060 V ofst]

Vin =48V DC at light load to over-current with resistive load. Vin=48V DC at light load to over-current with resistive load.
Input over-current set to ignore over-current fault. Input over-current set to disable and no retry.
(a) (b)
Figure 62 Input OCP waveforms
Application Note 60 of 71 V11
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Protections

6.6 Over-temperature protection

The quarter-brick has two thermistors with one located next to the CS copper trace and the other located next
to Q14. Over-temperature was tested by reducing the airflow over the unit under test while operating at full
load. For the disable and resume when OK waveform, the fault warning threshold is placed close to the fault

threshold to see the output resuming quickly.

Ch1=primary Vgs “A”, Ch3 = Vour (2 V/div), Ch4 = loyr (10 A/div)

A7\ TELEDYNE LECROY
Every ook

erywhereyouloo!

s
] {l
Vgs “A”
TiisbaEs 3953 (TiggerGaem)
100 psidiv] Stoj
o

e ol

-19.60V ofst -6.060 V ofst e

Vin =48V DC at 50 A load during over-temperature shutdown
Disable and no retry

(a)

Ay TELEDYNE LECROY
‘? Everywhoreyoulook™

LA ARA R ]

(Tigger Eaem
2.00 sidiv] Stop 712V
100MS 500 kSisjEdge Negative]

e
-19.60 V ofst -6.060 V ofst
Vin =48V DC at 50 A load during over-temperature shutdown
Disable and resume when OK

(b)

Figure 63 Over-temperature shutdown
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7 Current sharing
The XDPP1100 supports both passive current sharing by the load line, and active current sharing by IMON.

Load-line (droop) current sharing can be implemented without any external components or circuit. The
downside is that the load regulation is degraded. The maximum output power of each unit is reduced due to
the reduced output voltage at the maximum rated current.

Active current sharing involves using a current sharing wire, which connects all parallel modules to
communicate average current information between modules. The XDPP1100 offers a single-wire active current
sharing feature. Figure 64 shows the active current sharing example with two units in parallel.

lout1
Unit 1
—e— Vint +IOUT
P RC Load
1 Vin-
lout2
—>
Unit 2 Vout+
h— | \/iN+
i k—>*IOUt2 Ishare
— 9 RC IMON
Rishare
) \in- Vout-

Figure 64 XDPP1100 active current sharing

IMON is an analog DAC output representing the output current. IMON is used for output current monitoring,
and for active current balancing between multiple parallel modules. An internal current source proportional to
the output current of Loop0 sources comes out from the IMON pin. The IMON current DAC (IDAC) output current
range is 0 to 640 pA. The gain of the current source is configurable, which allows the user to scale the current
source per application. At no-load, this source currentis 320 pA. IMON source current lower than 320 pA
indicates negative current in this module.

A1.875k Q precision resistor (Rih,re) cONnected between IMON and ground presents a voltage proportional to
the output current of each module. At full load, the IMON voltage will be 1.2 V (640 pA x 1.875 k Q ); and at no-
load, IMON voltage is 0.6 V (320 pAx 1.875 k Q).

Connecting the IMON of each module together allows the XDPP1100 to detect the level of average current.

IOUT = loutl + Iout2 + --- + Ioutn

R; 10UT
Vimon = (k- Toutl + k - Iout2 + ---+ k - loutn) X ishare __

=k " Rishare X ——
lour is total current supplied to load, n is the number of units that are connected in parallel, k is the IMON source
current scale factor. The voltage of the IMON pin represents the average current.

Each module compares its own output current with the average current, therefore making the corresponding
adjustment.
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To prevent oscillation on a small error current, a dead zone applies to the current sharing block. When the error
current is less than the dead zone, current sharing is inactive.

The XDPP1100 provides both positive and negative clamps to voltage adjustment under active current sharing.
The active current sharing configuration can be done with the GUI design tool, under the “Advanced Features”.

Current sharing during start-up is always more challenging than in steady-state. The power supplies could have
different start-up delays or different ramp times due to device variation. The voltage difference between units
could be much more than the set-point error in the steady-state.

An added_droop feature was implemented in the FW patch. The droop is added during start-up ramp. The
added_droop helps to reduce the error of current sharing at start-up. It is removed once the power supply
reaches regulation, thus the max. output power won’t be sacrificed. It could be configured by the patched
PMBus command 0xFC MFR_ ADDED_DROOP_ DURING_RAMP. Use the “Load PMBus Spread Sheet” button to
import the MFR PMBus command into GUI. The PMBus command spreadsheet can be found in the GUI
installation folder.

More details of current sharing can be found in the XDPP1100 application note.

A test fixture that could fit three quarter-bricks is designed for the current sharing test. In this test, two units
were placed in parallel to verify the current sharing performance. Output voltge mis-match was set
intentionally to check the worst case. The current sharing by linear droop and by IMON active current sharing
are compared.

7.1.1 Start-up waveform with Vour mis-match =100 mV

Unit2, VOUT_COMMAND =12.05 V, xaddr 0x40

Test case 1: active current sharing is disabled, current sharing by droop only

e Added droop is 14 mQ at ramp and reduced to 9 mQ at regulation
e vc0_vavp_kfp =24 (output voltage sense low-pass filter)

e vc0_vavp_clamp_neg =0 (negative droop clamp)

e vc0_vavp_clamp_pos =24 (positive droop clamp, -480 mV at Vour)

e Enable DE start-up of one unit (can be either unit 1 or unit 2); the waveform is taken with unit 2 DE start-up
enabled

Test case 2: active current sharing is enabled

e No added droop at ramp, standard droop 4 m Q at regulation

e vc0_vavp_kfp=24

e Ishr_scale =10 (current share scale, defined per the maximum output current 50 A)
e ishr_ki=8,ishr_kp =0 (active current share Pl filter)

e ishare_clamp_neg=2 (negative clamp, -25 mV at Vour)

e ishare_clamp_pos =10 (positive clamp, +125 mV at Voyr)

e MFR_ISHARE_THRESHOLD = 0x0002 (2 A)

e Enable unit2 DE start-up

Ch2: Vour (2 V/div), Ch3: IMON pin (0.5 V/div), Ch4: loyr, of unit 2 (5 A/div)
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By droop only, 9 mQ and 14 mQ added droo Active current sharing with 4 mQ droop

Ch2: Vour (2 V/div)

Ch4: |ou'|'2 (5 A/le)

-

Ch1: loyr: (5 A/div)

A A
Measure Plimean(C1) PZmean(C2) PImean(C4) Pamean(C3) PEmean(C3 PBmean(C4) Measure P1mean(C1) P2mean(C2) Pamean(C4) Pamean(C3) PEmean(C3 PBmean(C4)
value 2814 7.345V 481A 27mv value <-432A 7.369V 3354 605.4 mV
status v v v v status [

v v v
(Trigger _ GAED (Trigger _ GAED

2.00 Vidiv 5.00 Afdiv| 5.00ms/divINormal 344V 5,00 Aldv| 2,00 Vidiv 500 mvidiv 5.00ms/div|Normal  3.44V|
-5.000 Vofst]  -10.00 A ofst] 250M8 50 MSis]Edge  Positive) -995A0fstl  -5.000Voist]  80.0mVofst 250M3 50 Msis|Edge  Positive

48V, 0 A start-up 48V, 0 A start-up

By droop only, 9 mQ and 14/mQ added droop

Active current sharing with 4 mQ droop

Ch4 IOUTZ (5 A/lV

Y Chlrlour: (5A/div)

« «
Ch2: Vour (2 V/d |V)
i i
Measure Pimean(Cl)  P2mean(C)  P3mean(C4  P4mean(C)  PSmeanCd  PEmean(CH) Measure Plmean(Cl)  P2mean(C)  P3mean(C4  P4mean(C)  PSmeanCd  PEmean(Cd)
value 10464 1323V 14544 11.3my value 10024 1347V 13034 7059 my
status v v v v status v v v v
2,00 Vidiv 5.00 Addiv, 5.00 ms/diviNormal 344 V| 5,00 Ardiv| 2,00 Vidiv 500 mVidiv, 5.00 ms/diviNormal 344 V|
5000Volst]  -500Aofst 250M3  s0Msjs]Edoe  Positve -500Aafst] -6.000V orst -1.0000V/ 25013 Edgs _Positi)
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Figure 65 Current sharing waveform at start-up

Itis obvious that the active current sharing has much better result than the droop-based current sharing,
especially in regulation state. It could bring the currents in each module close to each other. The error at start-
up ramp could be reduced by adding droop resistance to the ramp.

7.1.2 Load-transient waveform with Vour mis-match =100 mV

Unit2, VOUT_COMMAND =12.05V, xaddr 0x40
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Current sharing

Ch2: Vour (2 V/div), Ch3: IMON pin (0.5 V/div), Ch4: lour, of unit 2 (5 A/div)

By droop only, 9 mQ and,14 mQ added droop Active current sharing with 4 mQ droop
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MON

Chi: loum (5 A/div)
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Figure 66 Current sharing at dynamic load

The load-transient test also shows that active current sharing does a better job than the passive droop method.
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7.1.3 Start-up waveform with

TON_DELAY and Vour mis-match

Unit2, VOUT_COMMAND =12.05V, xaddr 0x40, TON_DELAY =10 ms, TON_RISE =30 ms

infineon

In the test, unit 2 has 10 ms turn-on delay. Unit 2 is started with pre-bias condition. DE start-up is configured in
unit 2. The output voltge shows smooth ramp up in both solutions. The active current sharing shows a better

current sharing result.

Ch2: Vour (2 V/div), Ch3: IMON pin (0.5 V/div), Ch4: lour, of unit 2 (5 A/div)

By droop only, 9 mQ and 14 mQ added droop

Active current sharing with4 m Q droop

i
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Figure 67
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Mechanical outline

8 Mechanical outline

Mechanical Outline
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Figure 68 Board mechanical outline

Application Note 670f 71 V11
2020-10-28



o _.
600 W FB-FB quarter brick using the XDPP1100 digital controller ‘ |n f| neon

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

9 Summary

This document introduces a complete Infineon system solution for a telecom 600 W FB-FB DB isolated DC-DC
converter achieving 96 percent peak efficiency.

The XDPP1100 is a highly integrated and programmable digital power supply controller. It has a unique
architecture that includes many optimized power-processing digital blocks to enhance the performance of
Isolated DC-DC converters, reduce external components and minimize FW development effort. For advance
power conversion and monitoring, the XDPP1100 device also provides accurate telemetry and power
management bus (PMBus) interface for system communication. These advanced features make it an ideal
power controller for modern high-end power systems employed in telecom infrastructure.

Specific power management peripherals have been added to enable high efficiency across the entire operating
range, high integration for increased power density, reliability, and lowest overall system cost and high
flexibility with support for the widest number of control schemes and topologies. Such peripherals include:
light-load burst mode, synchronous rectification, input voltage feed-forward, copper trace current sense with
temperature compensation, ideal diode emulation, flux balancing, secondary-side input voltage sensing, soft-
start with pre bias, feedback loop open or short-circuit protection, and fast load-transient response.

The XDPP1100 device supports many commonly used DC-DC topologies, such as hard-switched full-bridge and
half-bridge, phase-shifted full-bridge, active clamp forward, full-bridge and half-bridge current doubler
rectifier, interleaved active clamp forward, interleaved half-bridge, and interleaved full-bridge. A dual-rail
version also supports pre-buck or post-buck configuration.

Infineon’s 100 V OptiMOS™ 5 BSCO50N10NS5 SuperS08 and 40 V OptiMOS™ 6 BSCO10N04LS6 SuperS08 power
transistors, the latest and best-performing low parasitic devices from Infineon, combined with an optimized
layout and an optimized driving circuitry, achieve incomparable performance with minimum stress on the
devices. Both the primary and secondary OptiMOS™ FETs are driven from Infineon’s 2EDF7275K EiceDRIVER™
gate drivers. The EiceDRIVER™ 2EDi is a family of fast dual-channel isolated MOSFET gate-driver ICs providing
functional (2EDFx) or reinforced (2EDSx) input-to-output isolation by means of coreless transformer (CT)
technology. Due to high driving current, excellent common-mode rejection and fast signal propagation, 2EDi is
particularly well suited to driving medium- to high-voltage MOSFETs (CoolMOS™, OptiMOS™) in fast-switching
power systems.

This DC-DC converter proves the feasibility of telecom isolated FB-FB as a high-efficiency topology for an
isolated telecom 600 W quarter-brick converter, achieving the highest levels of efficiency when combined with
the latest, best-in-class Infineon devices with their benchmark low Rpsion) and low parasitics.
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