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600 W FBFB 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 performanaia digitally controlled isolated 600Wfull-bridgeto full-
bridge rectification converter with Voltage Mode Control (VMQhequarter-brick has a mairpower stagethat
converts 42Vto 75Vto 12V output and an auxiliary power supply to provide bigsltage or a primary gate
driver, secondarygate driver and 3.3/VDD The XDPPI0O0is a digital controller based on a2-bit, 1:00MHz
ARM® ortebMORISC microprocessor with analémixed-signal capabilities It has 64kBOTP, 3XB RAMand
80kB ROM memades. The digital controls provide the utmost flexibility in design, efficien@ptimization and
flux balance(as an alternative td®eak Current Mode ContrdPCM(Q to avoid DGlux walk-away. This 6@ W
evaluation unit follows the DOSA mechanical outline for higbrrent quarter-bricks.

The main Infineon components used in the 600 W digRBIFBquarter-brick are:

1 XDPP1008 $ 0 Hudiyitél #ontroller

7 100 VOpN C - / BFCOSHMNONS5100VE  GSAperS08 power transistors
7 40V/ J NC- /BSCALONDALSE0V 1G A SuperS08 power transistors

1 %C=29%2) 6 %2 HxinfinteB/LibkIatadgual gate driver

iz g (W

vo0l00ld B N =S,
5 3 i
B oy EI-- 8 =
[T ]

1
%)
g £ 1

- -mf “5=g g I'W{l
é = £

r?ﬁ

|
&

Figure 1  Infineon 600 Wdigital FB-FBquarter -brick evaluation unit outline
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Background and system description
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The trend in SMPS in recent years has bé&amard increased power density with optimized costable 1shows
the comparison of major topologies of theetecom bricksthat convert 48V input to 12V output.

High efficiency is a key parameter irclieving thisincreasing power densitybecauseheat dissipation must be
minimized. Furthermore, higher efficiency directly impacts the ownership cost during the lifetime of the
converter. Toward this goal, fubridge to fulkbridge topologies are often considered to be the best approach

in the 600W to 800N power range.

This documentdescribesthe system anchardwareof the digitally controlled isolated 600W fultbridge tofull-
bridge quarter-brick. With the digil controller XDPP1100, the dediine can be optimized for the best
efficiency; theFeed-Forward (FF)is achieved with secondaryoltage Sensing; the flux balancing enablegMC
without using DC blocking capacitors; the enhanced protection features elimeakternal fault comparators;
the active current sharingnakes the system scalable for higher power with parallel modules.

For further information on Infineon semiconductors see thafineonwebsite, as well as the Infineogvaluation
board searchtool, and the different websites for the different implemented components:

1 OptiMO$power MOSFETSs
1 Gate driver ICs
T 8%$0H ®icrbcdntrollers

Table 1 Major topologies of telecom bricks (quarter -brick and eighth -brick)
Topology Circuit Cost/complexity Efficiency | Output
power
HB_CT Excellent, low Medium 120Wto
o J o) component count 300W
4 - N1l on both primary
Vin© T3¢ . and secondary
e |
thl =
FB CT Medium, the High 300 Wto
Q Qs , secondary driver is 600W
ey N:1:1 reference to
Vin© 2e . ground
FB_FB A High, both primary | The 600Wto
L Qe e and secondary are | highest 800W
I SRl Isp
N:1 R HB type
Vin©O
QZIH e sa'@ £|SQ
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The600W isolated FE-Bquarter-brick DGDCconverter is a new generation afigital controlled DC to DC
power module designed to supgrt telecom 12V DGntermediate bus applications. The Infineon evaluation
unit operates from an input voltage range of 36 to YADGnd provides up to 600V output power. Note, below
42V DGhe converter will lose 1% DGegulationand will drop toaround 10.8V at 36V input. Bit it still
providesthe same output current. The output is fully isolated from the input, allowing versatile polarity
configurations and grounding connections to the input and output terminals. Teé@0Wdigital FB-FBquarter-
brick design consists of a primargide fultbridge converter with SR in fulbridge configuration switching at
250kHz, with an Infineordesigned CDL lossless snubber usedtba secondary side The isolated gate driver
2EDF7275K is usanh both the primary and secondargide to simplifythe Bill of Materials BOM and reduce
inventory management costasshown inthe block diagram Figure 2).

2EDR27K
Isolated
Driver
Vin ,_T SREr ~|'srRA
LB A
BSM5INLIONS BSMLINOAL S X2 | BsoiNoaL s
2EDR27 VRECT Vout
Isolated . e L )
Drlver JBSCDS(NlONSE BSO5INLONG H% §
— N
B 3
Isolated SRAH S'?E
Driver e Bh—]ie
BSM1NOALFH X2
B Wy BS@IMN0ALSBx2 [ 'F] |
A 1i*] BSM5NIONS
'ﬂ Isolated
_‘_ e Driver 2EDR27%K
SRA SRB
B
A
o
& ] - T
=~ | 3 Infineon
SPRTRETEY N
= XDPR10G F
I2C to GUI
VSEN o
VREF
To System
AuX
Power g
Figure 2 Infineon 600 Wdigital FB-FB evaluation board »simplified block diagram

The loop control is implemented with InfineoXDPP110@040 The XDPPDOis a digital power supply
controller with analog mixed-signal capabilities, orchip memories and communication peripheral3he
device is specifically optimized to enhance the performance of isolatedMTapplications and reduce the
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solution component count in the telecom brick converterf.has a40°Cto 125°C operational temperature
range.

The XDPPI100Osupports both VMCrad PCMC. This 680 demo board could be configured to operate in either
VMC or PCMUThis document describe VMCWhen configured to/MCflux balancing is enabled.

The voltage sense ADCan 11-bit ADC with 50 MHz sampling rate. The ADC resolutior2B hV and enhanced
with 3-bit digital modulation for output voltage regulation. This gives 156 yV 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 @n achieveHence, gtting PMBus command VOUT_MODE16 (resolution 0.976 mVj,
11 (resolution 0.488 mV) et2 (resolution 0.244 mV) wilivethe same result. This design configures
VOUT_MODE-%£2.

The voltage ADC is also designed to seaségh-frequency switchingsignal andmakes it perfectlysuited to
sendng the input voltage fromthe transformer secondary sidat the switching node ¥.. This eliminates the
use ofanisolated op-amp or other types of isolator for input voltage sensirithe nput voltage is computed
based on the resistodivider ratio and transformer turns ratio. Thmformation is used foViytelemetry,
protection andfeed-forward compensation.When the voltage ADC is configured as:¥ense modeit senses
both the amplitude ofthe voltage and the duration ofthe pulse.This feature is used for the ve#tecond flux
balancing control.

The current sense ADC ihi ADC with 25 MHz sampling rat&xceptional noise immunity is achieved by the
use of the internal current estinator. 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 measent can be filtered out without
losing the valuable ripple current information.

It can also sense input voltage throughe telemetry ADC inputRRISENbin) before switching starts up. In this
design, the input voltage information isaken from the bias power supply. The gain and offset of the PRISEN
voltage sense can be configured by two registers for accundtgéelemetry. The telemetry ADC is attit ADC
with a sample frequencyf1 MHz. The telemetry ADC block consisf eightchannels and can be configured to
digitize voltages, currents, impedance and temperature.

The XDPPIOOhas two temperature sense channels. In this design, ATS&MNesPCB shunt resistor
temperature andis used forcurrent sense temperature compensatioBTSEN sensSR MOSFET temperature
and is usedor overtemperature protection.

The XDPPI0Ohas two address pins. A resistor between the address pin and ground programs the address
offset of the device. Each address pin suppean 8-valent or 16valentaddress table. When more than one
quarter-brick module is connected in parallel, the address offsenhables thesystem tocommunicate and
programmultiple devicesvia the samedCbus. The address offset resistor is not populated on the brick board
and itis usually programmed by the resistor dhe system board.

Outstanding efficiencycan be achieved by using100 VOptiMO$b in aSuperS0&ackageat the primary

together witha40VOptiMOF 6 in aSuperS0&ackage for secondary syreETs Theoutstanding performance

of these semiconductor tehnologies, and the planar magnetic constructipenables power density in the

range of 22 W/cm3 (360 W/in3). The board was designed as a testing platform, with easy access to probe test
points, and easy rewarking/replacement of components.

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

The secondary sync rectifigiming is critical in telecom brick design for efficiency optimization. The isolator
delaymust be taken into account along with the propagation delays in drivers to makee there is no shoet
through between the primary and the secondary opposite phases. The daand of the sync redfication

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 timig diagram is shown iifrigure 3, and the bad gate timing diagram is shown gure 4for
reference.

Ideal Timing —
. Infineon
o] I — Cofeay
6scanis’ [FE00 -““n.m.; e SR | 1.a*d and b*c are pri. vgs
‘ u""‘ H 7 |[f B L' Er aandd & bandc are sec. vgs
[seome ] [roome] [Roee] E — <E~Eﬂdtlmg Tdeadtime
P
be aahdd P
500 300 3.00 280
2]
5? 5DD§200§ 00 & 150 2. Those are the gatg 3. Naw as_sﬁw at
*3 g = e waveforms (with Ideal sync the pri. Has a delay
between pri. and sec. The == | [arge than|the sdc ,
Tdeadtime is located iddaly. next page
150 100 -17.0 8.00 a*d
bandd E
8.00u 9.00u ime |:|Dsueléond$ 11.0u 12.0u
Figure 3 Ideal secondary gate timing example
Bad Timing

-
Infineon
1. Assume extra pri. Delay.

This causes an Toverlap,

. 'B H ‘
wecants fagor :J‘{ A..,,._‘._‘]ﬁ?:J_‘I: f

o I overlap period of primary &
=) I [Fes= SET
SR ‘@_":\G[ e I’] Primafy delay
A 8114 I 'S
[roame| [eeams] [reante] [Ar0asee] ==HeTbverlap andc
- a bandc
250 225 250 5.00 I a I
- Y l P

15.0

¥)
o

-5.00
[ elay

Plot1
bein volts
aanddip yolts
bandcn yolts
4
o
3
adin voits

500 250 175 -150f T

500 750 275 -250F

8.00u 9.00u 10.0u 11.0u 12.0u
ime in seconds

2. The overlap shorts the primary , since both StRl & SR2
are on while QB & QC are on as well , causing very large
pri currents and a failure of the pri. fets.

Figure 4 Bad gate timing example

Thebeauty of digital control ighat the parameters can béine-tuned after the board hardware is fixed. The
XDPP100enablesseparateconfiguration ofthe deadtime for each PWM outpuflhe rising edge and falling
edge delay can be programmed independently. See sectioh.6for details. Dynamic deadime can be
implemented by firmware(FW)o further improve efficiency ovethe full load range.
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The specification of th&00W FBFBboard isshownin Table 2

Table 2 Specification

Min. Typ. Max Unit

Input voltage range 36 75 \%
Vinturn-on threshold 33 \%
Vin turn-off threshold 32 Vv
Maximum input current (10@ercentload, 42Wy) 16 A
Output voltage(at Vin=42V to 72V) 12 \%
Output current 50 A
Recommended output capacitor 1000 10000 uF
Output voltage load regulation\{n=48V) +30 +80 mV
Output voltage line regulation @ur=0A) +50 mV
Output voltage regulatiorover-temperature +100 mV
(Mn=48V, T=-40°C to 85C)
Output voltage ripple (peako-peak at full load) 240 mV
With 100QuF output capacitor
Load transient (48/n, 1000uF and 1QuF, 1A/us) +300 mV
50percentto 75percentload
Loadtransient settling time 100 US
Vourover-voltage protection 13.2 \
Switchingfrequency 250 kHz
Frequency sepoint accuracy -1 %
External sync tolerance -6 %
Logic output high 2.6 \%
Logic output low 0.4 \%
Logic input high 1.2 \%
Logic input low 0.8 \%
Efficiencyat 48 \, half load 96.2 %
Operating temperature (ambient) -40 80 °C
Isolation voltage 1500 \%
Monitoring accuracykREAD_VIN -0.5 0.5 \%
Monitoring accuracykREAD_VOUT -10 10 mV
Monitoring accuracykREAD _I0OUT -1 1 A
Monitoring accuracykREAD_TEMPERATURE | -5 5 °C
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2.2 3=B?7G; NC=

Figure 5is the schematic of th@ower stage othe 12V/50AFB-FBconverter. Primary MOSFETSs are 1W@® mm
OptiMOS"BSC050N10NS5ATMAnfineon isolated gate driveeEDF7275Ks used to drive primary MOSFETS.
The 2EDF7275K providé.5kV functional isolation and A/8 A gate driver capability. The secondaBRuses

two 401 mm BSCO10NO4LSéh parallel at each location. The SR MOSFETS are also driveé&b¥7275Ko
simplify the BOM.

A planartransformer is used for the lowest board profileh& transformer core is ML95S EQ25 + plate from
Hitachi Metals. Tie transformer turns ratio is 3:ITransformer constructioris shown inFigure 12

0.10F ci210
36-75V INPUT oce R1
DN
vt
© pe o
ngdgm 220 zqugzuF 22k [220F [220F T2 $2 VDD3V3 u2 u3 voD3V3
. T 2EDF7275K 2EDF7275K T
[1oov T100v [100v [100v [100v [100v 100V [100v 3| L 3 17
® s et o o [ o i it T veer L:Ha
Cl2— - —T-Cs53
oe- syoC SivF] Al oo ) 010F
2 3
outa 1 — W T oute
3 2
R69 2 t s )
TR s s
2 U O s
m70pF —— 1 1
“"\'_r TPS —{ onot vs: VSSA NDI TPE
=—c26 R93{ R3—T-C65 | = 2EDFT275K 2EDF7275K 1
[a780pF NI 0301 [4760pF 3B TYP DELAY 350 TYP DELAY =
gl SERET ) .
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Pulse by Pulse Current Sense
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;" 33 5 s :23¢¢ REY
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Note: All caps and resistors are 0603 unless otherwise specified P100106 B

The schematic of control circuit and auxiliary power supply is showirigure 6.

In this reference desigrthe XDPP1100Q040digital controller enables one loop ivMC The output voltage is
sensed by VSEN/VREF ADit2 other ADC/RSEN/RRERs used to sense the input voltage throughe
transformer secondary windingThere are two higkspeed current ®Cs. AISEN is used to sense primary
current, BISEN is used to sense the output currdfdr theVMGC only BISEN dhe secondary current sensesi

enabled. The same power board also can be configuredP@&MCwhich enables both AISEN and BISENis
will be described in another document.

XDPP100devices can be configured withn easyto-use Graphial User Interface (GUIThe software can be
downloaded fromthe Infineon website
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ps1
n

o

Output Voltage Sense

SEC_OUTB
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uTE
UTA
Vet
R12 {R23
10K Q10K
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=-c61
frases

Primary and Secondary Bias with Start Up Circuit

FES®

Figure 6 XDPP1L0O0 control circuit schematic

2.3 4?7 MN @CRNOL ?

The cuarter-brick test fixtureis the testplatform for the quarter-brick. It provides power connection terminals,
communication and debugging ports, as well as a cooling fan.

Figure 7shows the schematic of the test fixturét. hasan I°C connector fordC and PMBus communication, and
a SWD debugger port féiWdebugging. Thdan shouldbe biased with externaDC power supplyinthe 5V to
12V range for different airflowThis bias is neessanto enable communication with theXDPP100to the USB
dongle.

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

JIF; LCNS I @ NB? ?H; <F? =;H <? =IH@CAOL?> <S 0-"OM

theusershouldwe€N? 0-"OM =1 GG; H> [ . nal &&u#/l . &) "' i H> =Bl | M?

4; =NCP? FIQAE CM M?F?=N?>H NB? | HYl @@ F; <?F | H NB? |
selected, the on/off label shows opposite status.

A3.3V LDQegulatoron the test fixture provides pulup voltage to the SDA/SCICl communication busvhen5
to 12V is applied tahe external bias connector
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Figure 8 Test fixture external bias connector and 12C connection
Application Note 11o0f71 V11l

20201028



o _.
600 W FBFB quarter brick using the XDPP1100 digital controller ‘ |nf|ne0n

48 \fto-12 V voltage mode control with flux balancing

Power board information

r
12V external
| Fan Bias
DMM (6 3 digits)
DC input lout= Voutshunt/Routshunt
supply
(0-75V) | _
A Routshunt
N T 0.00A
+ Rinshunt - f\/&_
0.01A V'V +|Electronic
_| Load
DMM (6 3 digits) 0-600W
lin= Vinshunt/Rinshunt
+
DMM (6 7 digits)
vo .+ L Vout_____
Figure 9 Test fixture board connection

Necessary connectiosito operate the board:

1 Connectthe quarter-brick to the test fixture. Make sur¢he DCinput, 12Voutput and signalconnector J6
have good contact.

71 Connectinput voltage to J1

1 Connect Hoad to J2 and J3

1 Connect the lasfan with 5~12/ DC power supply at J4 (EXT BIAS)

1 ConnectXDPP100USB dongle (USBO0O07 revA) to J8. Find the direction by identifying the ground pin G (black
wire). Theblue wire ofUSBOO0AIs not used and can be fefloating. If using the isolated dongle USB007
revB, the blue wire should be connected to the 3/Bin of J8

1 Make sure the switch SW1 isthre off position

1 Turnon the 8 Vinput power supply. Minimum 3 Woltage isrequired to enable the auxiliary power supply.

1 When the auxiliary power supply is in operation, the Y3should have 10/+1V voltage

1 This demo board comes with a default patch and configuration stored in ratatile memory (OTP) and
can be turnedon once the operation command is asserted from the XDPP1100 GUI.

T )H I'L>?L NI ; MM?2LN NB? 1J?L; NCI| HAuolp&EatedEr HatB3 2?7 H 8 $
populate option isin the top-left corner just below theHle option. Onceauto populated, the GUI readthe
configuration from the device.

1 Check if the PMBus commands are configured properly by reading VOUT_COMMAND. It should\fead 12

1T 7TLCN? &/ . £ NI M1 OPERATION, @rarn SN tolthi®dn position (the sequence is not
critical). Theconverter should regulate 1¥ outputfor an input voltage range of 4@ 75
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2.4 "1 :L> F; SI ON

The following layout guideline is recommended ftiie XDPP100controller.

Within the allotted implementation area, orient the switching components first. Theiwing 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 spalbetween the components is minimized.

Critical smaltsignal components including th& DD and VD12 decoupling capacitors, ISEN resistors, TSEN
capacitors and voltage feedback RC filters should be placed near the controller.

For each voltage sense and curriesense input, i.e. VSEN/VREF, ISEN/IREF, route the signal and its reference in
differential pairs (Kelvin connection).

Avoid rouing the VRSEN/VRREF, BVRSEN/BVIRfeERear any switching nodes, especially in ddalop or
two-phase applications. Unlikeutput voltage sensing, VRSEN measures pulse signal CN =larg¢ AN OM?
filter to reduce noise. Keepg the trace shielded by ground plane is recommended.

Avoidputting the current sense resistor or copper shunt next to any switching node. In fgigin current sense
mode, putthe XDPP100asclose as possible to the sense resistor. One good practig@uisng the XDPP100
on top of the sense resistor on the other sidetbé PCB. I copper shunt is used for current sense, put the
temperature sense NTC or sense diode closé¢h®copper shunt for acarate temperature compensation.

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

Figure 10and Figure 11 show the top and bottonof the 600W FBFB demo board

Primary
MOSFES Main transformer

BSCO50N
10NS5 SR MOSFETs
BSCO010NO4LS6

XDPP1100
Q040

Figure 10 Assemblysktop
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