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Scope and purpose

This document describes the features and hardware detaifsXMC420Digital Power Control Card
desigred to provide an evaluation platform for digital control applicationsith XMCARMCortexiM4F based
microcontroller.4 BCM <1 ; L > C MDigital PoiwerBxm@re)App@eatisiKit.H A M

Applicable Products
1 XMC420®icrocontroller

1 XMC Digital Power Explorer Kit
7T $! 6 %H

References(optional, may be shifted to Appendix)
) H@CH? | Htp:/Mvw hibebH.com/DAVE

Infineon: XMC Familfttp://www.infineon.com/XMC

XMC Digital Power Explorétitp://www.infineon.com/xmc_dp_exp

Example codes for this boardwww.infineon.com/DAVE
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Overview

1 Overview

The XMC4200 Digital Power Control Caslan evaluation board with the goal to help engineers in the
learning and testing of digital power control applications. The board features a XMC4@idocontroller
based on ARMCortexdM4F core.

The dimensions of the boar@60 mm height, 45 mm width to connectogllow the usage of thisevaluation

card into designswith high requirements on power density. In particular dimensions ofMC4200 Digital
Power Control Cardare suitable forlU rackdesigns The control card integrates an isolated dmoard
debugger forplug and play experience. The isolated debugger part da@ detached once the code is
finalized.

This board has been developed with the collaboration of Wiirth Elektronik whose passive components and
mechanical components are used.

1.1 Key Features

TheXMC4200 Digital Power Control Cascequipped with thefollowing features

1 Infineon XMC420 (ARMCortexsM4Fbased) Microcontroller, 258Byte onchip FlashL QFP64
1 Connection to powelboard like Digital Power Explorevja the power board connectotincluding analog
signals, PWM or serial interfaces
1 5LEDs
T 1Powerindicating LEDa 0 | Q ? ffrom pew& board side
1 2User LEB(P2.2, P2.§
T 2Debugger controllerLEB (DEBUG, COM)
7 IsolatedDebug options
T On-Board Debugger (SEGGERIdk LITE) via USB connector
T ARMCortex+9 pin connector (1.2™m pitch - double row)on norrisolated section.Isolation needs to
be built between this connector and the computer side avoid overvoltage in computer.
1 Isolated Connectivity
T UART channel of GBoard Debugger (SEGGERIdk LITE) via USB connector
1 Power supply of MCU dwain
T Via power board connectorl@V) Converted to 3.3With Infineon supply parts
1 Power supply of isolated debug domain
T Via Debug USB connector

1.2 Block Diagram

Figure 1shows the functional block diagram of thEMC4200 Digital Power Control CaFbr more
information about the power supply domains please refer to chap.

Thecontrol card has got the following building blocks:

1 Power Board Connector

1 12C controlled EEPROM for optional data storage

2User LED connected to GPIOs (P2.2 and)P2.6

2 user test points

USICO interface connector (P0.10, P0.14, P1.4, P1.5)

Isolated Onboard Debugger via Debug USB connector (Mitl8B) with UART channel (USJ@bannel
0)

= =4 =4 —a
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f Optional ARMCortexxDebuginterface connector

On-board
Debugger
XMC4200

isolation Eg

XMC4200 Digital Power Control Card V1
KIT_XMC42_DPCC_V1

[ 2x user LED] [Zx test point]

l l

-

o) @)

o o

) O
XMC4200
LQFP64

COMP+]
DAC

ADC
—
CCu8o

—
usIC
u1co/Cl
—

GPIO

3XxCOMP.
8X channels

4x GP10O

Power Board Connector

BlockDiagram_XMC4200.emf

Figure 1
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Block Diagram of XMC4200 Digital Power Control Card
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2 Hardware Description
The following sections give a detailed description of the hardware and how it can be used.
Test points
XMC4200
Test LEDs Microcontroller EEPROM
USB connector
toPC
| ADC inputs test
points
Debugger
controller 1 )
XMC4200 ARM Cortex 9 pin
debugger connector
option
Galvanic —  Power indicating
isolation IC LED
288008800
1C3e3
1
1
c 1 Powe_r SL_’pply Power Board
onnector 1 circuit Connector
options -
1 Split debugger
ine Board_Interfaces_ XMC42.emf
Figure2  XMC4200 Digital Power Control Cardhardware description

2.1

The XMC4200 Digital Power Control Chadrd is designed with two galvanically isolated supply domains.
On the left side, there is the debug domaim isolated domain which contains a XMC4200 MCU asbhoard
debug controller (OBD). Thisolated domainis powered via the USB plug (5V)

The rest of the control card is callggower GND supply domainThis part is supplied from the power board
connector and the control card will step down the input voltage toet3.3V that XMC4200equires. This
supply domain is usually powered from the power board connectdhetypical current drawn bythe drive
card at the power GND domais about 65 mAat 12 V input voltage

To indicate the power status of th@ower GND domainonepower indicating LEDs provided on board (see

Power Supply

Figure® n 4B? , %$ QCFF <? &/ . &£ QB?H NB? =1LL?MJI H>CHA
LED Reference| Power Rail Voltage

LED102 VDD3.3 3.3V

Board User Manual 5 V1.1 201602
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Figure 3shows details of the power supply concept of theontrol card. More detailed circuitry can be found

in section3.1

Digital Power Control Card XMC4200 |
KIT_XMC4200_DPCC_V1

Power ok
LED

IFX54441 VDD3.3ISO IFX54441

IFX90121

isolation

IC301 ~Jicion
XMS;SOO g 5N XMC4200
_________ swp| LQFP64

Power Board Connector

Power_Block_XMC4200.emf

Figure 3  Block Diagram of Powe Supply Concept

2.2 Clock Generation

Anexternaloscillator circuit is provided in the control card to provide @ystalsignal. The internal PLL of

XMC420Will trace care to generate all internal clocks needed ingmicrocontroller.

2.3

TheXMC4200 Digital Power Control Catgpbports2 different debug interfaces:
1 Isolated OnrBoard Debugger (OBD). This is the default connection.

Debug Interface

Connect to computer with atJSB cable. The control card includes a debugger controller and isolation
up to 1kV to protect the computer. This is the easiest way and is supported by TYaxé other

debuggers

TheOn-Board Debugger|[1] supports

1 Serial Wire Debug (SWD)

T UART communication via a Virtual COM port

o PC_RXDDEV P15USICOCHEDOUTO

o PC_TXDDEV P14 USICOCHDX®
(1]
a Serial Port DR? L ©#%$# >LCP?Le CHMN;
$LCP?LA QB?H CHUMKNdriveiHsedHiguredB? F;

FF?>
N? MN

Board User Manual

*

Attention: The firmware of the o#board debugger requirethe latest JLink driver (\6.000r higher) and

HLing Se@dl Port | GJ C
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7% Choose options @1

Choose optiohal componients that should be installed:
i
P Install J-Link. Serial Fort Driver ]

Chooge options for creating shortouts

[+ Create entoyin start meno
[~ Add shortcuts to desklop

< Back | Mest > | Cancel

Figure 4 Installation of J-Link Serial Port Driver

1 9 pin ARMCortexwconnectorad> ; H ? RN?LH; F A; FP; HC=; FFS CMI F;
option allows the user to utilize anpRMCortextdebugger in the market. The user must make sure that
the debugger box used provides galvanic isolation (typically 1kV) to avoid dantiageto high voltages
in the computer.

2.3.1 Debug ConnectorOptions

XMC4200 Digital Power Control Candludes 3connector optionsfor debugging The default configuration
of the control card ipreparedfor OBD @bug and therefore, none for the 3 connector options are
assembled. If required, user has to mount the corresponding pin head€he 3 connector options are:

1 Two 8 pins connectarOBDDebugConnector (X301) and Debug Connector (X#224 mmheaderpitch
1 9pin ARMCortexy(X101k1.27mm header pitch

Connectors are described iRigure 5

OBD Debug Debug .
Connector (8-pin) Connector (8-pin) ARM Cortex 9 pin
connector
SWCLK (TCK) [ 1 B8 E3 2 | SWIO (TMS) TCK |1 &3 E32 |TMS 33v 18 82 |swo
+33V|3 3 34 JGND +33VI13 K EI4 |GND oo |3 &8 @4 [swelk
GND |5 (3 £36 |+3.3v GND |5 £33 £36 |+3.3V ono |58 @6
PC_TXD DEV | 7 £3 8 | PC_RXD_DEV P14} 7 38 Ip1s 7 B8
o\ | B B10
Debug_8pin_XMC4200.emf
Figure5  Pin assignment of Debug Connector (8pin)
Board User Manual 7 V1.1201602
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2.3.2 Removing the On-Board Debugger

XMC4200 Digital Power Control Caiah bebroken offinto 2 parts by breaking the PCB as showrfFigure 6
This will reduce the size of the main controller part so that it can fit into 1U standard sizedsgsiemsonce
programmed The control card can still be debugged in 2 different wéydebugger part is removed (see
Figure §:

1. connecting a ribbon cable to both 8 pin connectors (main controller part and debugger part) or,

2. using the 9 pin connector option with an external debugger box. If the board is not broken, this
connection cannot work.

Attention: when using external debuggers, make sure that the debugger box includes a galvanic
[solation to the computer. If the control card is exp osed to high voltages, this could produce
damage to the computer

USB connector  ~oMm and DBG LEDs ARM Cortex 9 pin debugger
to PC connector option

@

Debugger
controller 1
XMC4200

Abi s

m: | @@

i

S X ) : RN

L ~
@ ri'low) e a8t S S
8 pin debug .
connector options Split_debugger_XMC42.emf

Figure 6  Debug options when removing debugger part of control card

2.4 User LEDsand test points

TheXMC4200 Digital Power Control Camavides atwo user LEB (P22 and P2.§. Next to the LE§two

test points (P2.0 and P2.1)are; P; CF; <F? CH I L>?L NI ?; MCFS =1 HH?=N

trigger signals.

Table 1 User LEDs

Board User Manual 8 V1.1,201602
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Table 1 User LEDs

User LEDs Connected to Port Pin
LED100 pP2.2
LED101 P2.6

Attention: The test points are referenced to power GND supply domain. Hence they may carry
hazardous voltages.

2.5 EEPROM

XMC4200 Digit Power Control Carthcludes as wellan external 4kB EEPROM for differ@uotrpose. This
EEPROM communicates wi¥MC420€nhrough 12C communicationXMC4200 can be configured as master
I12C for that purposeThis can bausedfor storing parameters for example

Both data and clock lines are pulled up with 10 kohm resistors to 3.3V

¢ {}
F—
o
EEPROM
Array
|
|

Sch_eeprom.emf

Figure 7  External EEPROM schematic

Table 2
Signal EEPROM Chip Signal XMC4200 port and channel
EEPROM_CLK SCL P2.4 - UOC1.SCLKOUT
EEPROM_DATAO SDA P2.5 - UOC1.DOUTO

2.6

Power Board Connector

TheXMC4200 Digital Power Control Camabvides a power board connector with set of signals that can be
extensively used in power supply applications, from server power supplies to UPS or lighting power
supplies.Signals availablan the conrector are:

1

= = =4 =4

8 PWM signals

8 ADC analog inputs
3 comparator inputs
2 Serial channels

4 general purpose pins

Board User Manual

V1.1 201602
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Sch_Power_Board_Connector.emf

Figure 8

Control card power connector schematic

Attention: The power board connector is alsoproviding the power supply for the power GND supply
domain. Hence it may carry hazardous voltages.

As it can be seen iRigure 8 each signal enteringKMC4200 Digital Power Control Cdirdm the power board
connector is additionally protected by aidirectional n ESD protection from Infineon.

XMC420bas internal ESD protection in each pin, however, given the genpuaposecharacteristicof this

control card, additional ESD protection is required to protect from very noisy power board environment that

could eventually damage the control card or the microcontroller in it.

The pin out of theconnector isdescribedin detailin Table 3

Table 3 Power board connector pin out
: : Portin Peripheral
Pin number | Signal Name XMC4200 | function Note
1 GND - Digital GND
5 VDD i 12V input from power board to control
card
3 USIC2/GP5 | PO.1 U1C1.DOUTO ;in be used as serial port or user port
U1CO0.DX1A or
4 USICO PO.11 U1C0.SCLKOUT]
5 USIC3/GP4 | PO.O U1C1.DXOD ;in be used as serial port or user port
U1C0.DOUTO or
6 USIC1 P2.14 U1CO.DXO0D
7 VDD3.3 - 3.3 V output to power board
8 GPO P1.3 User port pin
9 CMP10OUT P1.1 CSG.C1INA
10 GND - Digital GND
11 GND - Digital GND
12 CMPOOUT P1.0 CSG.COINA
13 CMP20OUT P1.2 CSG.C2INA
14 GND - Digital GND
15 GND - Digital GND
16 GP1 P1.8 User port pin
17 PWM4 P0.8 HROUT10
Board User Manual 10 V1.1 201602
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. . Port in Peripheral
Pin number | Signal Name XMC4200 | function Note
18 PWMO PO.7 HROUT11
HROUT30 or
19 PWM> P0.6 CCUS0.0UT30
HROUTO1 or
20 PWM1 P0.2 CCUS0.0UTO1
HROUT21or
21 PWMé P0.4 CCUS0.0UT10
HROUT?20 or
22 PWM2 P0.3 CCUS0.0UT20
HROUTOO or
23 PWM7 P0.5 CCuU80.0UTO00
HROUT31or
24 PWM3 P0.9 CCUS0.0UT12
25 AGND - Analog GND (ADC)
26 GP2 P0.10 User port pin
27 ADCA40UT P14.14 VADC.G1CH6
28 AGND - Analog GND (ADC)
29 AGND - Analog GND (ADC)
30 ADCOOUT P14.6 VADC.GOCH6
VADC.G1CH3
31 ADC50UT P14.3 or
VADC.GOCH3
32 AGND - Analog GND (ADC)
33 AGND - Analog GND (ADC)
34 ADC10OUT P14.5 VADC.GOCH5
35 ADC60OUT P14.4 VADC.GOCH4
36 AGND - Analog GND (ADC)
37 ADC70OUT P14.0 VADC.GOCHO
VADC.G1CH1
38 ADC20UT | P14.9 or DAC. OUTL
39 GP3 pP2.7 User port pin
VADC.G1CHO
40 ADC30UT P14.8 or
DAC_OUTO

Given the flexible pin out irXMC4200the functions above can be modified with SW configurations. In
Figure 9the PWM optiosare depicted. The pin out is done to fully cover High Resolution PWM (HRPWM)
outputs. However, combinations of CCU8RRPWM are possible.

Several topologies in power supplies can be controlled with that pin out including LLC with synchronous
rectification, multi-phasebuck/boost converters, PFC stages and much more.

Board User Manual
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m HROUT1017 PWM41 PO0.8
HROUT11i7 PWMOT PO.7

CCU80.00 i PWM7 i P0.5
X CCU80.017 PWMLi PO.2

x CCU80.10 17 PWM6 T P0.4
: CCuU80.12 17 PWM31 P0.9

x CCU80.20 7 PWM21i PO0.3

: CCU80.30 1T PWM51 P0.6 Option TRAP input

CCUB8O0.INXA T TRAP Input for all CCU80 slices i P0.7

HROUTOO i PWM71 P0O.5
HROUTO1 7 PWM11 PO.2

HROUT10 17 PWM4 1 PO.8
HROUT11i7 PWMO T PO.7

HROUT20 7 PWM2 i PO.3
HROUT21 7 PWM6 T P0.4

HROUT30 1T PWMS5 1 P0.6
HROUT311 PWM31 P0.9

Timer options XMC4200.emf

Figure 9 PWM output options- top, using CCUS8- bottom using only HRPWM

Additionally to the pins in the power board connectpthe microcontroller has pins connected internally.
Those are described in Table 3

Table 4
Signal Name Port in XMC4200 Peripheral function Note

LEDO pP2.2 User LED

LED1 P2.6 User LED

EEPROM_CLK P2.4 UOC1.SCLKOUT 12C clock signal for
external EEPROM

EEPROM_DATAO pP2.5 UOC1.DOUTO 12C data signal for
external EEPROM

2.7

Analog to Digital Converter (ADC)input sfilter

All ADC inputs in the contteard are filtered with a high frequency croswer frequency RC filter, as shown
in Figure 10 This will help to remove undesired high frequency noise from the input signals, and therefore,
will improve the measurement perfanance of the microcontroller

Board User Manual 12 V1.1,201602
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=
b4 =
$ =

j —

Sch_ADC _filter.emf

Figure 10 ADC input RC filter schematic

With respect to the analog signals rted into XMC420@DCa special plane is iplacefor increasing signal
integrity andbest signal noise ratio. Ifigure 1tan be seen that V@ Dplane has been layouted around all
ADC gnals in all 4 layers of the PCB

e H jﬁt

O3
O

Ta
e
ah

| e RS & 4
h - -t“\ AW | -\-'V el
SRR 7 2

Sch_ADC_signal_layout_XMC4200.emf

Figure 11 ADC grounding layout detail

Both GND and AGND are connected together in a single point through a ferrite bead.

Board User Manual 13 V1.1,201602
Customer Documentation



o~ __
XMC4200 Digital Power Control Card User Manual :
UG_201511 PL30 003 (Infmeon /

Production Data

3 Production Data

3.1 Schematics

This chapter contains the schematics f&tMC4200 Digital Power Control Card
The board has been designed with Eagle. The full PCB design data of this board can also be downloaded
from www.infineon.com/xmcdev.

Board User Manual 14 V1.1,201602
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Figure 12 Schematic page 0: cover

V1.1201602

Customer Documentation

15

Board User Manual



XMC42_1.emf

V1.1201602

tal Power Control Card User Manual

igi

8 | L | 9 S 2 € 4 [}

| yaEesl 0 | e BRI | s een e me e s e s R R S S S R R S e S A A =
[ BeoneT c1a790°70 | 3 wonmwor T |
6S:9+:€T GT0C°90°C0 ‘soqueLEm e pue Aue BusEpE Aquiey SeBORUPS OB SOy 94l 0 LoHEDYGe o) BURIESe) UoHPLLCH | \
= fum e ot e e — | '
TN-03"daZkINX presincped ' e ™o o ame awo |
nou sowiepsIq e6e] ! T i i ol !
- i !
3| ; W EOO P P
| | = =3 B '
i i = = S |
! | ONSY gno  guo gne  gne = == == !
, , b e B B!
1 ! o 3 o o i
| ” 3 e B E !
| | IEERIRES 3L HSWIOIMS ] ! - s = = )
m i A i R B 2 2 2z 2 B '
{ 1 = 2 5 olsleN) = = 3 1
1 ! = e H
| [ by ~ = i
| [aswin3a ox1 od A30_Ox¥ od] 1 S 18 = 3 h
: LB T E B s u
i PR EE E |
” PR i A <
! i — g |
al | z y e g |
” i 2000 " ssn ‘G500 [T © !
t MY ‘GdS ‘A ! < !
L = =4V Od80A ' » I ] Vv ou ] !
1 ZHNB9LZE oy Olumeweay 3 i
| 1010 v o !
P T o sssssoosossooses—o-ooa | 5z = |
H i TTEV T Qze/50av] i
i ' I
! i Soeuy '
i ane i
! s i <
| 4 rsse ou i 2
i ] 14 —| o4
i i
i © i
0| 1 * |
| 3 ] QS ¥/A30_aXL od]
! Ve i 161 SL¥A3G OXY Od
! 108X S ! 8zendo]
| & i
i i
i i
i i
i
L e e e e e OMS
““““““““““““““““““““““““““““““““““““““““““““ EEE)
20N QN9 QND ONSONS  QNSOND : [oviva viogd3a
= | [¥ZEEds
g o |
2 7 B H | CEEIRED)
5 = |
g | e -
- 8 i ] o
> 3 i % 22
L | ! = K7 2
2 i 2 |3 | 2 mv L%
S > b !y @ @
a2 = B 2 2
T 2 e =Moo 3 3
B 3 1 N N
: gy % i 3 e
i == EnZenz
N e |
ROTIPPPSXat s
€021 8! |
! -] i
| e g i
i 8 4 1

Customer Documentation

16

MCU

XMC4200 D

UG_201511_PL30_003

Production Data

Figure 13 Schematic pagel

Board User Manual



-
XMC4200 Digital Power Control Card User Manual infineon
UG_201511_PL30_003 —

Production Data

@
1w
|8
o>
I |1m
N
o
5% alx
oo Ola gle
o N .
El=l8|w
slo=|lu
B S|E|g|c
Bl X et
= i
3 ©
5 B
3 @
< 3
[o]
R N
o E = [ 7]
~ 3| 2 3| 3] 2 ~
2 2 <
3| 18 o
a2l |8 =
EIES S
Te0-8210AR0S3
oy i
s ) o
J G & It
- 4ﬁe—l, .
vizq =
1e0-8210A80S3
A =] '
w15 133
R ) §§
IE-810AG0S3 L34
- 23
4*7“ = =] i
pagol” i} H
N T i
IEC-8210AG0S3 i3
14 &3 = F’
Bt —i2
Blepalt ]
rEi B
Lea g
1E0-82100§053 q
TOU 4 £+ Z
|| e 7 % .
Beapalt <
Hi
0kea
TEC-8Z10MG0ST -
- 2
Baepalt =
B
6020 £
1E0-8210)8053 N H
[ts] T =) S 2 g [te
= w15 &
8T N
8 5
E
e - k] s
£eqan 18 £ i
, ] a :
i Ex :
. < 3 -
i FEER
&
|2
<+ iz <+
aaa (=]
2
0
<
]
- z ]
2
o
5
]
020
- 10-82100§053 o
~Bl€—|‘. =2
PP e
B
020 °
1E0-82100§053 £ .
- 2 o
P ] = s 2
g7 & r
T 0040 d 5
| 160-82700§053 g2 & & F 3 -
AR A =) e
sl 15 2 I
i £ o
1E0-8270A ’Livj = _|§
s = °
E*'IE]'“H‘ £
: Bl 5 & -
~ 1020 Z ~
b =
i B by
O g
& _ g
< I
=l E
- @ S &) @16
3 o <l (<] [<] ||
Q X o ol fo
S B MEENE
= b 2l 18] 2] [=
1=l g = 1= =] =)
i
—| 13 |
3
< [ o | o o w

Figure 14 Schematic page 2: connector
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Figure 15 Schematic page 3: JLink &UART
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