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About this document

Scope and purpose

AURIX™ is an Infineon family of microcontrollers that focus on the needs of the automotive industry in terms of
performance and safety. Its innovative multi-core architecture, based on up to three independent 32-bit
TriCore™ CPUs, has been designed to meet the highest safety standards, while simultaneously significantly
increasing performance.

This document explains basic hardware features and functions of the TC2xx devices in the AURIX™ family, and
provides related hardware design guidelines for reaching the best performance.

Intended audience

Engineers who need to become familiar with the hardware design principles of TC2xx AURIX™ devices.
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1 Introduction

The AURIX™ TriCore™ enables systems to achieve the highest safety level up to ASIL-D. The multi-core

architecture is designed to meet the highest safety standards (IEC61508/1S026262), while scaling from low-cost
to high performance devices.

The best cost-performance fit is offered by the wide range of flash, performance, and peripheral options
available within the AURIX™ family. With performance of 133 MHz-6x300 MHz, advanced timer unit, totally
flexible PWM generation and hardware input capture, Infineon SafeTcore library safety software, and many
other features, the system benefits include:

e Scalability over flash, RAM and peripherals, offering an excellent cost-performance ratio.

e Flexible power supply concept to select from various power topologies to reduce power consumption and
hardware system costs.

e The latest diverse lockstep technology.
e Secured high-speed communication: CAN FD, FlexRay, SPI and Ethernet.

4 TC2xx 32-bit Aurix™ TriCore™ (with FPU)
= Safety level up to ASIL-D
= CPU : 133-300MHz P~ v Em—
TC29x ™
= 1-3 CPUs 32-bit Aurix™ Tricore Triple-core
CPU at 300 MHz
= Flash : 512k - 8MB Flash P — Flash: 8 MB
TC27x ™ Ram: 728 KB/2728 KB
. . Packages: LFBGA-516
=Y = -
BAM sa8k=27MB.EaM Triple-core LFBGA-426/ LFBGA-292
’ CPU at 200MHz
= Packages : 80 - 516 pins Flash: 4 MB Main features
Carn )
9 TC26x ™ Ram: 472 KB » 2x FlexRay
C [|= Temperature : -40°C...+150°C Dual Packages: LFBGA-292 | | > Ethernet
© uai-core LQFP-176 » External Bus interface
&= ‘s CPU  at 200MHz » TC29xT
'5 = Connectivity and more Flash: 2.5 MB Main foatires e
= (TC23x ™ \ | Ram: 240 KB/752KB » FlexRay
CQL) Packages: LQFP-144 » CAN FD » TC29xTT
Lockstep core LQFP-176 /LFBGA-292 | ( » Ethernet J (> TC297TA (ADAS)
CPU at 200MHz ) (> Tcarxt )
—————— | Flash: 2Mbyte Main features
TC22x ™ Ram: 192 KB/704 KB : g‘:mfg
Lockstep core Packages: TQFP-144 2
P TQFP-100 / LFBGA-292 | | > Ethernet
oot
ash: e Main features
Ram: 96 KB , FlexRay » TC264DA(ADAS)
TC21x™ Packages : TQFP-100 » CAN FD
Lockstep core TQFP-80/ TQFP-144 S Ethamat
CPUat 133MHz Main features » TC23xL
Flash : 512Kbyte » 4x SENT » TC23xLX
Ram: 56 KB » 4x GSPI ) TC23xLA (ADAS)
Package : TQFP-100 » 2x ASCLIN
TQFP-80 TQFP-144 STC22AL
» TC21xL
» TC21xSC
Integration
Figure 1 Overview of scalability in the AURIX™ TC2xx platform
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Supply schemes
2 Supply schemes
2.1 Single power supply

The AURIX™ products need only a single supply from which all internal voltages are generated by means of
embedded voltage regulators EVR33 and EVR13.

The TLF35584 is a monolithic multi-voltage regulator for the AURIX™ product family. A nominal battery voltage
is regulated to Vipo_quc = 5.0 or 3.3 Volts with a precision of +2% through a buck boost pre-regulator and a LDO
post-regulator for uC load currents up to 600 mA.

The ADC is supplied with a dedicated accurate reference supply Vrer_qir= 5.0 Volts with a precision of +1% for
ADC load currents up to 150 mA.

The TLF35584 stand-by regulator Vipo_ost = 5.0 or 3.3 Volts with a precision of +2% supports standby current
from 20 pA up to 10 mA. Therefore the combination may be used in applications which are permanently
connected to Vear.

P + N Channel
MOSFET

VGATElP [7 q

VDDP3/ VDDFL3 Z Z

33V

j VELEx
VELex can be either connected to

FLEXPORT

Voors (3.3 V) or Vext (5.0 V)

] Exposed die pad is connected to digital ground.

Separate analog supply and ground pins

TLF35584 TC29x/7x/6x
Vioo quc |J.C
12V (5V or3.3V)
V
Pre- uC j EXT
Ej_ Reg LDO _Ej NAY, [ 4 sV FVR13S
EXT ClN External
Supply
Reset Port
( Control supply
\ Intelligent WDTSLCK
Watchdog Watchdog trigger
\ Safe state Error pin (SMUFSP) smu | —1 EVRS33
control
SPI
1
VREF STBY ESR1
LDO LDO NMI / Interrupt ADC
Vipo gst | VEVRsB (8GA 292)
(5V or 3.3V) J_ Standby - Varer | Vacno
I supply
VREFiQVR -
(V) J_ Rarer
—Jlj Charer T

Figure 2

Note:

Application Note

Single source power supply with TLF35584

The ADC low noise supply regulator is standalone in most applications because of stricter noise
filtering requirements. Generally it may not be present in the system, and therefore the Vpoom
domain is supplied from the same supply source as the Vextr domain with reduced ADC

performance.

40f51
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2.2

Dual power supply or multi-rail power supply schemes

It is possible to connect an additional switch-mode post regulator at pre-regulator output to realize an external
1.3V core supply voltage using TLF35584 dual-rail supply mode portrayed in the figure below.

Multi-rail topology is supported as well allowing all three voltage rails to be generated from external supply

components. The voltage rails are:

o VEXT:5V
e  Vppp3=3.3V
e Vpp=1.3V
TLF35584
V
PREREG Core
Post-Reg Loc
12V EVC 000
c.. L
DC
Pre- | | I
Reg T =
Buck- Boost S
Pre regulator vel TC29x/7x/6x
uC
Vibo_quc
| | uc 5V or3.3v o Vext
LDO o 5V
CIN External
~1-22KQ |— Supply Voo
PORST ™
Reset - Port Lav 1
Control Reset supply I
Intelligent | WDTSLCK =
Watchdog | Watchdog trigger
Safe state | Error pin (SMUFSP) oy | 1 EVvRas Voors/ VoorLs
control <Pl 33V Cour T
4 o =
VREF STBY ESR1 > & Vriex
LDO LDO NMI / Interrupt ADC %
”dJ VELEX can be either connected to
vV, VEVRSB (BGA 292) Voors (3.3 V) or Vext (5.0 V)
cpo-QsT I— Voom Vssm Varer | Vacnp
(5Vor3.3V) J_ Standby Lol
I supply
Exposed die pad is connected to digital ground.
VREF VR = Separate analog supply and ground pins
(CAY) A1 Rarer
I Charer T
Figure 3 Dual source power supply with TLF35584
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3 Basic pin configuration
For correct device operation care must be taken to connect the following pins correctly:

e Test pin (/TESTMODE)

e Debug pins (/TRST, TCK, TMS, TDO, TDI)

e Hardware configuration pins (HWCFGO, HWCFG1, HWCFG2, HWCFG3, HWCFG6, Voarexr)
e Reset/NMI pins (/PORST, /ESRO, /ESR1)

e Power supply pins (Vexr, Voo, Vooris, Voo, Voom, Varer, Vss, Vssu, Vacno)

HWCFGI[0,1,2,3,6]
Hardware Configuration pins Vexr
External Regulator or ~1KQ
System Basis Chip ITESTMODE
5v I n x 47-100 nF
decoupling  \/ EVR33
12V A External Supply T capaciors Efl"*i nternal 33y s Voors
([ Ew L J T g DO [ Supply byd L reor L ¢
C|N decoupling OuTs3
VEXT I regmator I capacitors I ~1-2.2uF
~1-2.2KQ
Reset M Power on /PORST_ p~
Control N4 reset 'Lj EVR13
Vext internal
~4,7KQ
Ej optonal  /HDRST ESRO P_j p regulator
- > o
4 |\ r
VEXT t
~4,7KQ
j optional NMI / Interrupt ESR1 F- S
(] (]
nteligent Ej‘ Communication (SPI) ~'Tj 10-22 uF+
Watchdog A n TN
DAP mode
Safe state P Error pin (SMUFSP) 'Tj [ [TRST
control NI . A JTAG mode
n
a
I OR XTAL2 ~lOpF
° P
9 20 MHz
Domain L : Crystal
XTALL ~10pF
ADC supply Voom| Vssm X:\REF Vacno|
= RAReF == Cager
4+ E0.-470 & 22uF
Figure 4 An example configuration; TC29x, TC27x, TC26x with 5V single supply
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3.1 Supply pins and ranges

The table below lists all supply pins grouped by acceptable operational voltages ranges.

Note: It is important to note that not all supply pins are available in each device variant.
Table1 Supply pins and ranges
Supply pin Operational Main functions
voltage range
Vixr 2.97-5.50 e Source voltage for EVR13 & EVR33 regulators in 29x, 27x, 26x. /0 supplies
Vevrss which decides the I/0 level in 29x, 27x, 26x.
VELex e Common standby supply pin
Vbom e ADC supply and reference
VAREFX
VFLEXE
Voops 2.97-3.63 e Source voltage for EVR13 regulator and I/O supply in 23x, 22x, 21x.
Vbooscs e Flash, JTAG & P21 supply in case of 29x,27x,26x
Vooris e HSCT and DTS supply Oscillator and PLL supply
Vesu e Flash sense amplifier supply.
VAGBT3
Voo 1.17-1.43 e Main core supply.
Vbposc e Oscillator and PLL supply.
Vbpss e Emulation Device EMEM (Emulation memory) supply.
Vgt e Supply for AGBT.
3.2 Hardware configuration pins

The Hardware configuration (HWCFG) pin functions are shown in the figure below.

Note: Not all of the listed HWCFG pins are present in the lower-end devices of the TC2xx family.
HWCFG [0] HWCFG [1] HWCFG [2]  HWCFG [3] HWCFG [4] HWCFG [5] HWCFG [6]
P14.6 P14.5 P14.2 P14.3 P10.5 P10.6 P14.4
0 - SMPS 0 - EVR330FF 0 -EVR130FF 0 - Boot from pins HWCFG [4:5] Default Pad state
1-LDO 1-EVR330N 1-EVR130N HWCFG [5:4] [0 0]- Generic Bootstrap (P14.0/1) 0 - Pins in tristate
(default) (default) (default) 1 - Flash BMI boot [0 1]- ABM, Generic Bootstrap on fail (P14.0/1) 1 - Pins with pull-up
(default) [1 0]- ABM, ASC Bootstrap on fail (P15.2/3) (default)
[1 1]- Internal start from Flash (default)

1.) HWCFG [6] has weak internal pull-up active at start-up if the pin is left unconnected.

2.) If HWCFG [6] is left unconnected or is externally pulled high, HWCFG [0:5] pins have weak internal pull-ups active at start-up.
3.) If HWCFG [6] is connected to ground, HWCFG [0:5] pins are in tristate. External pull devices required for all HWCFG pins.
4.) In packages smaller than LQFP144, HWCFG [0:2] pins are absent and are by default pulled high.

5.) HWCFG [0:2] and HWCFG [6] pins are latched during supply ramp-up (VEXT < 2.97V) and stored in PMSWSTAT.HWCFGEVR &
TRIST register bits. The remaining HWCFG pins are latched on internal reset release (between 100us — 180us after reset assertion)
and stored in STSTAT register.

Figure 5 HWCFG pins and functions
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These pins have weak internal pull-ups with a range of 30 - 105 pA.

In case an external pull-down is required, it is recommended that the value at the pin is lower than 0,8V or a
resistor of <4.7K Ohm is used.

Table 2 HWCFGx example configuration
HWCFG pins Example configuration
HWCFG [0:2] e Tied to external pull-ups or pull-downs corresponding to supply mode
HWCFG [3] e Pin may be used for application as Flash BMI boot is used.

e Pinisignored during boot as BMI.PINDIS is set (BMI.PINDIS=1).
HWCFG [4:5] e Pins may be used for application as BMI index in Flash is used.
HWCFG [6] o Tied to fixed external pull down (Tristate is selected as default mode)
Veaterp o Shall be connected to ground in TC26x to select internal pass devices.

e Shall be connected to the P channel MOSFET in case of EVR13 SMPS mode.

Vearen /P32.0 e Shall be connected to the N channel MOSFET in case of EVR13 SMPS mode.
e Otherwise is by default available as a port pin (P32.0).

3.3 Power supply related pins

The VeaTex or Vcapx pins are used by the EVR13 to drive external power components in either high-end or low-
end devices of the AURIX™TC2xx family accordingly. The exact pin configuration and use should be checked in
the device user manual.

Table3 EVR13 output control pins

EVR13 output pins | Pin function
Vearerp e Gate drive for P-channel MOSFET for SMPS EVR13 regulator.
e Gatedrive for P channel MOSFET pass device for LDO EVR13 regulator.

Veatein e Gatedrive for N-channel MOSFET for SMPS EVR13 regulator.

Vearo e Flying capacitor (1uF) terminals in switch capacitor EVR13 SMPS regulator in TC23x.
VCAPl

3.4 Test pin

The /TESTMODE pin is exclusively used for factory test modes after manufacture. In normal operation it shall be
connected directly to Vext (Main external 5V or 3.3V supply) rail.

J/TESTMODE pin has a weak internal pull-up which should be sufficient to ensure that the device does not enter
the test state when the pin is left open. Nevertheless it is recommended to connect it externally with a stronger
pull-up (~1- 4,7 K). No external connection to debug connectors is required.

/TESTMODE pin is present in all devices across all packages without exception.

Application Note 8 of 51 V1.0
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3.5 Debug pins

The default reset behavior of the debug pins is as described in the table below.

Debug pins are present in all devices across all packages.

Table 4 Debug pins and default state
Debug | Reset state/ JTAG mode DAP (2 pin) DAP (3 pin)
pins Internal pull devices IEEE 1149.1
JTRST | Weak internal pull-down | /TRST is asserted low on PORST TRST held high during /PORST
resistor. release to enter Locked mode and | release and to enter DAP mode.
Test Reset Input later de-asserted by the tool to TRST need to be held high during
enter JTAG mode. DAP operation phase.
TRST needs to be held high during | External pull-up may be used but
JTAG operation phase. may not be required as the debug
External pull-up not necessary as | tool drives and keeps the /TRST
above transition is handled by pin high to enter DAP mode.
debug tool.
TCK Weak internal pull-down | 40 MHz Test Clock Input to uC. DAPO DAPO
resistor. External pull-up not necessaryas | 160 MHz 160 MHz
handled by debug tool. Clock pin Clock pin
T™MS Weak internal pull-down | Test Mode Select Input to pC. DAP1 DAP1
resistor. External pull-up not necessary as | bidirectional Bi-directional
handled by debug tool. data
TDO Weak internal pull-up Test Data Output to uC Not used DAP2
(P21.7) | resistorin DAP mode The pull-up resistor is disabled in Bi-directional
JTAG mode
TDI Weak internal pull-up Test Data Input to uC Not used Not used
(P21.6) | resistor.
TGIx Weak internal pull-up /BRKIN - -
resistor
TGOx Weak internal pull-up - - -
resistor

Application Note
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3.6 [PORST pin

The Power-on Reset (PORST) pin has to be held high externally so that the microcontroller is in operational
RUN state.

e O - 2

VEXT supply level

Push pull
structure

Weak pull down current  Analog pad filter

— PORST IPORST~ 15-120 uA  PORST block < 80 ns
Il-< PORST through > 220 ns
'—‘
—
I
o Current
_I limiting i
resistor Strong PD/OD
IPORST ~ 11-13 mA
\\ VPORST = 1V
VEXT =3.0V /
E.g -TLF35584 VExT supply level TC2xx

O N

Open drain structure with

internal pull up resistor. External

pull-up

] Weak pull up current

IROT ~ 6 - 60 UA

:I resistor

~1-22KQ

Weak pull down current
IPORST ~ 15-120 uA

Analog pad filter
PORST block < 80 ns

ROT PORST through > 220 ns
— _
- PORST
J 4 /
Strong OD Strong PD/OD
IPORST < 10 mA IPORST ~ 11-13 mA
VPORST = 1V VPORST = 1V
\\ VEXT =2.97V / \\ VEXT =3.0V /
PORST pad Symbol Min Typ Max Unit Condition
Input high voltage, class LP pads CP Vine SR 2.0 \ _Il-l;_/Lsteress active;
Input low voltage Class LP pads CP Vi SR 0.8 \% _l;l_\r/Lsteresis active;
Reset Output ROT
Reset Output high level VRoT high 3.0 \Y
Reset Output low level VROT low 0.8 \Y

Figure 6 PORST connectivity

The PORST pin is a bi-directional reset pin with 11-13 mA output drive capability in case of supply fail on any of
the 5V, 3.3V or 1.3V supply rails. There is a weak internal pull-down (15 - 120puA pull current) on the /PORST pin
to ensure that the device is in reset (safe) state if the /PORST pin-to-pad bond-wire breaks.

Usually a strong pull-up is required to keep PORST high during the operational state. The pull-up has to work
against the microcontroller pull-down, the regulator pull-down and maybe also an additional pull device.

The PORST pin has default TTL level so that only 2.0V is required on the pin to keep microcontroller out of reset.

V1.0
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3.7 ADC supply

It shall be ensured that the analog reference supply (Voom*0,9) < Varerx < (Voom+ 0,05V) shall not deviate far away
from the main analog Voom supply to ensure ADC performance. Similarly, it shall be ensured that the analog
reference ground (Vssu- 0,05V) < Vaenox < (Vssm + 0,05V) shall not deviate far away from the main analog Vssw
ground as documented in the datasheet.

Depending on whether the external regulator provides a dedicated analog supply or a common supply, noise
de-coupling and monitoring should be appropriately addressed on a system level. Ensure that the ground
connection of ADC is decoupled as shown in the figure.

c [__j VDDD (digital supply)
DDD .
—— Microcontroller
[ ] VSSD diaital ﬁmund
&
=
v Supply Vi Rarer =%
ﬂ' r V analog su S E
5\ P CDDA L_j DDA (analog supply) E =
s — e
©
T il :
RN b VSSA (analog supply ground)
RAREF
| I L_j VAREF (analog reference)
_EAREF
=T ADCs
Ground plane ™.
p Y, [j VAGND {analog reference ground)
| _EEXT
RF\SRC
Sensor [P VAIN (analog Input)
Figure 7 Vexr and ADC supply with a common star ground connection
3.8 Oscillator and Flash supply

The oscillator supply constitutes a 3.3V Vppes supply and 1.3V Vpp supply and the Vss ground pin. The Vss ground
pin is the only distinct ground pin in QFP packages.

The flash supply constitutes a 3.3V Vpops supply and a sensitive 3.3V Vppris supply. The Vopris supplies the sense
amps and supplies the current required for normal read operations.

The important points to be taken care of for the Oscillator supply is the ground connection. This is to be
isolated to contain the noise to reduce the radiation and coupling from the oscillator circuit. A separated
ground island on the GND layer should be made. This ground island can be connected at one point to the GND
layer. This helps to keep noise generated by the oscillator circuit locally on this separated island.
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RC Filters can be inserted in the supply paths at the regulator output and at the branching to other module
supply pins such as Vpp and Vppes (for 0sc.), Vooris, and Voou. Using inductance or ferrite beads (5 - 10 pH) instead
of the resistors can improve the EME behavior of the circuit and reduce the radiation up to ~10dBuV on the
related supply net.

VDD (1.3V) VDDP3(3.3V)
o

¥DD{¥YDDOSC) YDDP3 ('U'DDD%C*S)

R*

¥SS (star point)

3.3V/ 5V R* ¥DDM ¥DDFL3 lu—*|_.

Tl T
100 nF

> Resistance values must be calculated according to the application curcuit tolerances.
**  YDD=> ¥24 (BGA516), F26 (BGA416), N19 (BGA292)
¥*% ¥YDDP3 => ¥25(BGAS516), E26 (BGA416), N20 (BGA292)

Figure8 Filtering of Vbp, Vbor, VboFL3, VDDM supply pins for TC29x and TC27x, with optional ferrite bead
components

A higher de-coupling capacitor of at least 330nF is recommended on Vpposcs. Optionally additional filtering may
be added to the Flash Vppes/Vooris 3.3V supply node and to the oscillator Vpposcs 3.3V supply node externally from
the Voops supply net.

The ground connections of the load capacitors and Vssosc should also be connected to this island. Traces for the
load capacitors and XTAL should be as short as possible.
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Low impedant connection between VDDP3 and
VDDFL3 is mandatory to avoid voltage drops to
flash. The VDDFL3 node is noise sensitive and
is not connected on chip to 3.3V supply rail.

Hence itis supplied externally using decoupling

capacitor from VDDP3

\

I%

N The main 3.3V buffer capacitor is to
(o]

—  be placed close to Flash VDDP3/

VDDFL3 supply node/pins.

<

\/ _
\_/
| COUT 33

o_f]) o A ;
5 & —— &
2 | wone < | 100nF > ~100 nF
Y _decoupling capacitor
TCZXX It is necessary to connect the
g - Flash VDDP3/VDDFL3 3.3V
lJ.C 2 @ - supply node (D) to the
Ny e <
3|3 _2 = (?i sy oscillator VDDOSC3 3.3V
'y \ 4 g‘ S pass device supply node (2) externally via
2 § a low impedant connection.
M O
Flash % O
Vext EVR33
internal =
regulator
5V>3.3V
pass device
JTAG Vbops Higher decoupling capacitor
HS CT < required at VDDOSC3
\ VDDOSC3 /VDDP3
LVDSH ? _|._
)
‘—
Vbposcs OR 7 -10pF
Sys
PLL XTAL2 I 5
@) 20 MHz 8
Crystal ——1 g
S| xTALl ¥ 5
C ] 5
Flex ~10pF E
PLL °
4 Vssosc /Vss
VDDOSC Single Viato ground
VDDOSC /VDD plane to keep noise
To Core ¢ A ~ I -330nE  contained in the island
Only in L
QIXP VEXT -
package
Figure 9 Flash and oscillator supply
Application Note 130f 51 V1.0

2016-03



o _.
TC2xx hardware design guide In f| neon
TriCore™ AURIX™ 32-bit microcontrollers

Basic pin configuration

3.9 [ESRO pin

Activation of PORST also activates ESRO reset output line by default. The ESRO pin may be used as a reset input,
reset output, or as a normal GPIO pin. Some applications require a reset out signal together with a reset out
delay after power-up as long the initialization is complete.

For example, memory devices such as external RAM, Flash, and EEPROM devices may require that reset be held
longer and released with a delay until after the main microcontroller reset has been released.

3.10 Considerations for unused pins

It is recommended to apply special measures for pins left unused by the application.

Table 5 Considerations for unused Output, Supply, Input and 1/0 pins

Supply Pins (Modules) e See the User Manual.

|/O-Pins e Should be configured as output and driven to static low in the
weakest driver mode in order to improve EMI behaviour.
Configuration of the I/0 as input with pull-up is also possible.

e Solder pad should be left open and not be connected to any
other net (layout isolated PCB-pad only for soldering).

Output Pins including LVDS ¢ Should be driven static in the weakest driver mode.
o |Ifstaticoutput levelis not possible, the output driver should be
disabled.

e Solder pad should be left open and not be connected to any
other net (layout isolated PCB-pad only for soldering).

Input Pins without internal pull device e For pins with alternate function see product target
specification to define the necessary logic level.

e Should be connected with high-ohmic resistor to GND (range
10k - 1Meg) wherever possible. No impact on design is however
expected if a direct connection to GND is made.

e Groups of 8 pins can be used to reduce the number of external
pull-up/down devices (keep in mind leakage current).

Input Pins with internal pull device e For pins with alternate functions, please see the product
specification to define the necessary logic level.

e Should be configured as pull-down and should be activated
static low (Exception: if the User Manual requires high level for
alternate functions). No impact on design is expected if static
high level is activated.

e Solder pad should not be connected to any other net (isolated
PCB-pad only for soldering)
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4 TC2xx board design

This chapter introduces some ground rules for EMC-friendly PCB layout. This document is recommended as an
additional information source.

4.1 Selection of stack-up for high-speed board design

Selection of the correct stack-up for a high-speed board should be made at the beginning of the board design
because the selection can have an effect on the routing and impedance control of the traces. Impedance
control of the traces is one of the main parameters of the high-speed design.

The following issues must be considered:

e Guarantee that high-speed lines have a solid GND reference without interruption of the impedance
continuity.

e Signal lines must have minimum distance to reference the plane layer.
e Ensure, as much as possible, a plane capacitance for the supply domains.
e Avoid vias or layer change on high-speed signals (if possible).

Since the discrete board de-coupling capacitors can only be effective up to 200MHz, the plane de-coupling
should be used where possible. The stack-up should be selected so that you can build a power plane
capacitance and have the benefit of the high frequency de-coupling effect which could be effective above
200MHz. Below is the example stack-up’s of 4-Layer and 6-Layer boards.

4-Layer Stack-up

Wetal (17-50pm) Single Ended Routing
FR4 (150-3000m )

Metal (17-30pm ) Power

FR4 (150-200pm)

Metal (17-30pm ) GND

FR4 (150-300pm)

Metal (17-50um) LVDS Routing

6-Layer Stack-up

Metal (17-50pm) Single Ended Routing + Power
FR4 (150-200um)

Metal (17-30um) GND

FR4 (150-200um)

Metal (17-30um) PO\Ner

FR4 (150-300um)
Metal (17-30um)

Single Ended Routing + GND

FR4 {150-200um)
Metal (17-30um) GND
FR4 {150-300urm) L\/DS Rout|ng

Metal (17-50um)

Figure 10 Sample stack-up’s for 4 and 6-layer boards

4.2 Component placement

e Place the uC and Connector with high-speed signals first, to ensure minimal length of the traces.

e Do not place other components between these Connectors and the pC.

e Place possible noise sources away from the high-speed signals.

e Components that communicate with devices outside the board should be placed at the edge of the board.

Application Note 150f51 V1.0
2016-03



o~ _.
TC2xx hardware design guide In f| neon
TriCore™ AURIX™ 32-bit microcontrollers

TC2xx board design

4.3 Board level filtering and de-coupling

De-coupling the Power Distribution Network of the microcontroller IC is critical to the PCB design process,
because careful selection of the de-coupling capacitors and placement has a big influence on the high-speed
performance of the board, and can reduce the emissions. The on-board de-coupling capacitors have an
effective range of IMHz - 200MHz. The range above 200MHz can be covered by using power plane capacitance.

The effectiveness of the de-coupling capacitors depends on the optimum placement and connection type.

e Place capacitors as close as possible to the uC.
e Keep theinterconnection inductance of capacitors to the uC as low as possible.
o Use low effective series resistance and inductance (ESR and ESL) capacitors.

- Since parasitic inductance is the limiting factor of the capacitor response to high frequency demand of
current from the device, the ESL of the capacitor and the connection inductance should be selected so that
the optimum value for the design is reached.

e Connect capacitors with vias close to the side of the pads.
- Use side placement of the vias to reduce the current loop.

Single Side Placement T to uC ¢ Double Side Placement

Via from
GND-Plane

Via from
Top View . VDD-Plane

Top View

Side View

GND
vece

Side View

Small current loop

Small current loop

Figure 11 Connection of decaps
e Dualvias can be used to reduce the parasitic inductance.
e Solderlands, traces and vias should be optimized for capacitor placement.
e Select the smallest package available for the capacitors.
- Select capacitors of type: ceramic multilayer X7R or X5R.
e Do not use long traces to connect capacitors to GND or to Vpp.
- Always keep the return path of the high frequency current (lowest inductance path) small.

4.3.1 Oscillator circuit PCB design

To reduce the radiation / coupling from the oscillator circuit, a separated ground island on the GND layer
should be made. This ground island can be connected at one point to the GND layer.

This helps to keep noise generated by the oscillator circuit locally on this separated island.
The ground connections of the load capacitors and Vssosc should also be connected to this island.
Traces for the load capacitors and XTAL should be as short as possible.
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NC-

Figure 12 Layout proposals for Oscillator circuit (shown for BGA package)

4.3.2 Recommendations for the supply noise filtering

e Ground for OSC/ PLL supply pins should be laid out as a local island.

¢ Analog and digital grounds are connected inside the microcontroller. Therefore the ground for ADC (Vssu for
Voom) should be routed depending on external noise conditions:
- Use a common star point when external noise should be prevented from entering the analog domain.
- Otherwise, use a common ground plane.

e The power distribution from the regulator to each power plane should be made over filters.

e RCFilters can be inserted in the supply paths at the regulator output and at the branching to other module
supply pins such as Vpposc and Vexrosc (for 0sc.), Varer and Vopm.

4.3.3 Recommendations to improve EMI

The following recommendations may improve system EMI performance:

e To minimize the EMI radiation on the PCB, the following signals are to be considered as critical.
- LVDS Pins (HSCT, MSC, QSPI, AGBT)

ERAY Pins

Ethernet Pins

QSPI Pins

MSC Pins

External Clock Pins

Supply Pins

e Route these signals with adjacent ground reference and avoid signal and reference layer changes.

e Route them as short as possible.

e Routing ground on each side can help to reduce coupling to other signals.

e OCDS must be disabled in production.

e Use lowest possible frequency for SYSCLK output of the PLL still allowing to reach necessary module clock
frequencies.

Application Note 17 of 51 V1.0
2016-03



o _.
TC2xx hardware design guide In f| neon
TriCore™ AURIX™ 32-bit microcontrollers

TC2xx board design

4.4 De-coupling components and layouts

Each device package has its own recommendations for a set of necessary de-coupling capacitors and their
optimized placement on the PCB.

The AURIX™ TC2xx microcontroller products are available in the following packages:

« TQFP-80
« TQFP-100
 LQFP-144
« LQFP-176
« BGA-292
« BGA-416
« BGA-516

There are example layouts and decoupling for various packages, given in the Appendix of this document.
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5 EVRs: Recommended settings, components and layout

The fully integrated DC/DC buck (step-down) converter generates a regulated 1.3 V nominal power supply out
of a 5V or 3.3V external supply, with a high efficiency. The converter modulates an external complementary
MOSFET to buffer the energy in an LC filter in order to generate a regulated core supply. In active mode, the
step-down converter operates with synchronous rectifying and fixed frequency Pulse Width Modulation (PWM).

The figure below provides a schema for EVR33 LDO and EVR13 in SMPS mode with necessary component set.

5V/I33V
External
Vexr | Supply vV
porz 3.3 V Supply
[ F— ]
= Couras
Feedback I
3.3VLDOEVR
Voo 1.3 V Suppl
N pply .
“S5V/33V
Ext. Supply
/ Loc
Compl.
TC2xx MOSFET
“-C switch 1

C
VGaTEIN @ oe I

Figure 13 Basic schema of the EVR33 LDO and EVR13 in SMPS mode (TC29x, TC27x, TC26Xx)
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5.1 Recommended settings for components and frequency for EVR13 in
SMPS mode for TC29x, TC27x, and TC26x

You must program EVR13 settings during the application start-up to match the chosen hardware configuration.
A suitable choice may be made from the 12 parameter sets documented in this section, based on:

e Maximum supported load current for supply dimensioning:

- 1AIDD current / 22uF output capacitor (TC29x for example)

- 400mA IDD current /10uF output capacitor (TC27x and TC26x for example)
e Switching Frequency of the SMPS regulator.

- 1MHz

- 1.5MHz

- 1.8 MHz
eV Voltage supply range

- 2.97V-5.5Vrange: Nominal 5V external single supply application

- 2.97V-3.63Vrange: Nominal 3.3V external single supply application

Attention: In the following table the capacitance sizes given include a derating of up to 30% with respect
to temperature, process, and ageing, as documented in the corresponding datasheets. For
higher temperature applications a derating of 50% on the capacitor nominal sizes needs to
be additionally considered, which would lead to higher nominal capacitance values.

Table 6 Component choice, load current, frequency selection and register settings

Set | Condition Register values Components
1 lop <400 mA | EVRSDCTRLI1 - 0937051Fy (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1.8 MHz | EVRSDCTRLLI - 493700024 (TC26xB, TC27xC, TC27xD, |e BSL215C (TSOP-6)

Vexr<5,5V TC29xB) Inductor
EVRSDCTRL2 - 15380688, . LTF3020T-3R3N-H/D'

EVRSDCTRL3 - 00090A304

OR
EVRSDCTRL4 - 00001001
: e SLF7045T-3R3M2R1
EVRSDCOEFF1 - 00997E7Cy ;
Output Capacitor
EVRSDCOEFF2 - 00D9AEBC 10UF
o u

EVRSDCOEFF3 - 009C5A024
EVRSDCOEFF4 - 000063554 .
EVRSDCOEFF5 - 001B1A02 Input Capacitor

EVRSDCOEFF6 - 0000231Cy e 6.8uF
e CGA5L1X7R1C685K (1206)

e CGA6M3X7R1C106K (1210)°

!If the loo current ripple needs to be further reduced, a higher inductance (LTFx02yT-4R7N-H/D) can be used.

2If 2 output capacitors are preferred instead of a single output capacitor for robustness or safety considerations, then 2x 10uF can be
considered instead of a single 10uF. Similarly, instead of a single 22 uF, 2x 10uF can be considered.
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2 lop <400 mA
ch =1.8 MHz
Vexr < 3.63V

EVRSDCTRL1 - 0937051F (TC26xA ,TC27xB, TC29xA)

EVRSDCTRL1 - 49370002} (TC26xB, TC27xC, TC27xD,
TC29xB)

EVRSDCTRL2 - 15240684y
EVRSDCTRL3 - 00090A304
EVRSDCTRL4 - 000010014
EVRSDCOEFF1 - 00997E7Cy
EVRSDCOEFF2 - 00D9AEBCH
EVRSDCOEFF3 - 009C5A024
EVRSDCOEFF4 - 00006355+
EVRSDCOEFF5 - 001B1A024

Complementary MOSFET

e BSL215C (TSOP-6)
Inductor

e LTF3020T-3R3N-H/D!

OR

e SLF7045T-3R3M2R1
Output Capacitor

e 10uF

o CGA6M3XTR1C106K (1210)2
Input Capacitor

EVRSDCOEFF6 - 0000231Cy * 6.8uF
e CGA5L1X7R1C685K (1206)
3 lop <400 mA | EVRSDCTRL1 - 0940051F, (TC26XA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1.5MHz | EVRSDCTRL1 - 49400002+ (TC26xB, TC27xC, TC27xD, |e BSL215C (TSOP-6)
Vexr < 5,5V TC29xB) Inductor
EVRSDCTRL3 - 00090A364 OR
EVRSDCTRL4 - 000010014 e SLE7045T-3R3M2R1
EVRSDCOEFF1 - 00A9ADADy ]
Output Capacitor
EVRSDCOEFF2 - 00F91919y
e 10uF

EVRSDCOEFF3 - 009C5A024
EVRSDCOEFF4 - 00006355+
EVRSDCOEFF5 - 001B1A024

e CGAB6M3XTR1C106K (1210)2
Input Capacitor

EVRSDCOEFF6 - 0000231Cy, e 6.8uF
e CGA5L1XTR1C685K (1206)
4 Iop <400 mA | EVRSDCTRL1 - 0940051F, (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1.5MHz | EVRSDCTRL1 - 49400002, (TC26xB, TC27xC, TC27xD, |e BSL215C (TSOP-6)
Vexr<3.63V | TC29xB) Inductor
EVRSDCTRL2 - 15240684 «  LTF3020T-3R3N-H/D"
EVRSDCTRL3 - 00090A364 OR
EVRSDCTRL4 - 000010014 e SLE7045T-3R3M2R1
EVRSDCOEFF1 - 00A9ADADy .
Output Capacitor
EVRSDCOEFF2 - 00F919194
e 10uF

EVRSDCOEFF3 - 009C5A024
EVRSDCOEFF4 - 00006355+
EVRSDCOEFF5 - 001B1A024
EVRSDCOEFF6 - 0000231Cy

o CGAB6M3X7R1C106K (1210)
Input Capacitor

e 6.8uF

e CGA5L1X7R1C685K (1206)
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5 lop <400 mA
ch =1MHz
Vext < 5,5 Vv

EVRSDCTRL1 - 0964051F (TC26xA ,TC27xB, TC29xA)

EVRSDCTRL1 - 49640003, (TC26xB, TC27xC, TC27xD,
TC29xB)

EVRSDCTRL2 - 153806B84
EVRSDCTRL3 - 00090A5A4
EVRSDCTRL4 - 000010014
EVRSDCOEFF1 - 00CA8D8Cy
EVRSDCOEFF2 - 00A97CT7BH
EVRSDCOEFF3 - 009C5A024
EVRSDCOEFF4 - 00006355+
EVRSDCOEFF5 - 001B1A024

Complementary MOSFET

e BSL215C (TSOP-6)
Inductor

e LTF3020T-4R7N-H/D

OR

e SLF7045T-4R7TM2R1
Output Capacitor

e 10uF

e CGA6M3XTR1C106K (1210)
Input Capacitor

EVRSDCOEFF6 - 0000231C * 6.8uF
o CGA5L1X7R1C685K (1206)
6 Iop <400 mA | EVRSDCTRL1 - 0964051F, (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1MHz | EVRSDCTRLI - 49640003y (TC26xB, TC27xC, TC27xD, |e BSL215C (TSOP-6)
Ver<3.63V | TC29xB) Inductor
EVRSDCTRL2 - 15240684y . LTF3020T-4R7N-H/D
EVRSDCTRL3 - 00090A5A, oR
EVRSDCTRL4 - 00001001 . SLET045T4RTMIRL
EVRSDCOEFF1 - 00CA8DSCy Output Capacitor
EVRSDCOEFF2 - 00A97C7By,
EVRSDCOEFF3 - 009C5A02, * 10uF
EVRSDCOEFF4 - 00006355 * CGAGM3X7RIC106K (1210)°
EVRSDCOEFFS - 001B1A024 Input Capacitor
EVRSDCOEFF6 - 0000231Cx * 6.8uF
o CGAS5L1X7R1C685K (1206)
7 |lo<1A EVRSDCTRLL - 0937051Fy (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc= 1.8 MHz | EVRSDCTRLL - 49370002, (TC26xB, TC27xC, TC27xD, |e BSZ15DCO2KD (S308)
Vexr < 5,5V TC29xB) Inductor

EVRSDCTRL2 - 15B406C8x
EVRSDCTRL3 - 00090A304
EVRSDCTRL4 - 000010014
EVRSDCOEFF1 - 00997E7Cy
EVRSDCOEFF2 - 00D9AEBCH
EVRSDCOEFF3 - 009B5A024
EVRSDCOEFF4 - 000062554
EVRSDCOEFF5 - 001B1A024
EVRSDCOEFF6 - 00002324y

e LTF5022T-3R3N2R5-H/D*
OR

e LTF4022T-3R3N-H/D

OR

e RLF7030T-3R3M4R1-T

OR

e SLF7045T-3R3M2R1
Output Capacitor

e 22uFor2x10uF

e CGAG6P1X7R1C226M (1210)>
Input Capacitor

e 10uF

e CGA6M3X7R1C106K (1210)

Application Note

22 of 51

V1.0
2016-03



TC2xx hardware design guide
TriCore™ AURIX™ 32-bit microcontrollers

(infineon

EVRs: Recommended settings, components and layout

8 |lo<1A EVRSDCTRL1 - 0937051Fy (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1.8 MHz | EVRSDCTRL1 -493700024(TC26xB, TC27xC, TC27xD, |e BSZ15DC02KD (S308)
Ver<3.63V | TC29xB) Inductor

EVRSDCTRL2 - 157406A8y e LTF5022T-3R3N2R5-H,D!
EVRSDCTRL3 - 00090A304 OR
EVRSDCTRL4 - 00001001 . LTF4022T-3R3N-H/D
EVRSDCOEFF1 - 00997E7Cy
EVRSDCOEFF2 - 00D9AEBCH OR
EVRSDCOEFF3 - 009B5A02 * RLFTO30T-3RSMA4RL-T
EVRSDCOEFF4 - 00006255y OR
EVRSDCOEFF5 - 001B1A02, * SLF7045T-3R3M2R1
EVRSDCOEFF6 - 00002324, Output Capacitor
e 22uFor2x10uF
o CGAG6P1XTR1C226M (1210):
Input Capacitor
e 10uF
o CGA6M3X7R1C106K (1210)

9 |lp<1A EVRSDCTRLI - 0940051Fy (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1.5MHz | EVRSDCTRLI - 49400002, (TC26xB, TC27xC, TC27xD, | BSZ15DCO2KD (S308)
Vexr <5,5V TC29xB) Inductor

EVRSDCTRL2 - 15B406C8x
EVRSDCTRL3 - 00090A364
EVRSDCTRL4 - 000010014
EVRSDCOEFF1 - 00B919184
EVRSDCOEFF2 - 00B818174
EVRSDCOEFF3 - 009B5A024
EVRSDCOEFF4 - 000062554
EVRSDCOEFF5 - 001B1A024
EVRSDCOEFF6 - 000023244

e LTF5022T-3R3N2R5-H/D*
OR

e LTF4022T-3R3N-H/D

OR

e RLF7030T-3R3M4R1-T

OR

e SLF7045T-3R3M2R1
Output Capacitor

e 22uF

OR

e 2x10uF

¢ CGAG6P1XTR1C226M (1210)2
Input Capacitor

e 10uF

o CGA6M3XTR1C106K (1210)
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10 |lp<1A EVRSDCTRL1 - 0940051F (TC26xA ,TC27xB, TC29xA)
foc=1.5MHz | EVRSDCTRLLI - 494000024 (TC26xB, TC27xC, TC27xD,

Vexr<3.63V | TC29xB)
EVRSDCTRL2 - 157406A84

EVRSDCTRL3 - 00090A364

EVRSDCTRL4 - 000010014

EVRSDCOEFF1 - 00B91918y
EVRSDCOEFF2 - 00B818174
EVRSDCOEFF3 - 009B5A024
EVRSDCOEFF4 - 000062554
EVRSDCOEFF5 - 001B1A024
EVRSDCOEFF6 - 00002324y

Complementary MOSFET

e BSZ15DC02KD (S308)
Inductor

e LTF5022T-3R3N2R5-H/D*
OR

e LTF4022T-3R3N-H/D
OR

e RLF7030T-3R3M4R1-T
OR

e SLF7045T-3R3M2R1
Output Capacitor

o 22uF

OR

e 2x10uF

e CGAG6P1X7R1C226M (1210)2
Input Capacitor

e 10uF
e CGA6M3X7R1C106K (1210)
11 |lp<1A EVRSDCTRL1 - 0964051F, (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc=1 MHz EVRSDCTRL1 - 49640003, (TC26xB, TC27xC, TC27xD, |e BSZ15DC02KD (S308)
VEXT < 5,5 \" TC29XB) Inductor

EVRSDCTRL2 - 15B406C8x
EVRSDCTRL3 - 00090A5A4
EVRSDCTRL4 - 000010014
EVRSDCOEFF1 - 00F919184
EVRSDCOEFF2 - 00F818174
EVRSDCOEFF3 - 009B5A024
EVRSDCOEFF4 - 000062554
EVRSDCOEFF5 - 001B1A024
EVRSDCOEFF6 - 000023244

e LTF5022T-4R7N2R0-H/D
OR

e LTF4022T-4R7TN-H/D

OR

e RLF7030T-4R7TM3R4-T
OR

e SLF7045T-4R7TM2R1
Output Capacitor

o 22Uf

OR

e 2x10uF

¢ CGAG6P1XTR1C226M (1210)2
Input Capacitor

e 10uF

e CGAB6M3X7R1C106K (1210)
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12 |Ilp<1lA EVRSDCTRL1 - 0964051F, (TC26xA ,TC27xB, TC29xA) | Complementary MOSFET
foc =1 MHz EVRSDCTRL1 - 49640003 (TC26xB, TC27xC, TC27xD, |e BSZ15DC02KD (S308)
Vexr<3.63V | TC29xB) Inductor
EVRSDCTRL2 - 157406A84 e LTF5022T-4R7N2R0-H/D
EVRSDCTRL3 - 00090A5A OR
EVRSDCTRLA4 - 000010014 . LTF4022T-4RTN-H/D
EVRSDCOEFF1 - 00F91918,
EVRSDCOEFF2 - 00F818174 OR
EVRSDCOEFF3 - 009B5A024 © RLFTOS0T-4R7TM3R4-T
EVRSDCOEFF4 - 00006255 OR
EVRSDCOEFFS5 - 001B1A024 * SLF7T045T-4R7TM2R1
EVRSDCOEFF6 - 00002324y Output Capacitor
o 22uF
OR
e 2x10uF
e CGAG6P1X7R1C226M (1210)2
Input Capacitor
o 10uF
e CGA6M3XT7R1C106K (1210)
Note: For TC29x to achieve 300 MHz performance, a higher nominal core voltage has to be supplied.
Table 7 Additional register updates for TC29x for 1.33V +- 7.5%

Set | Condition

Register values

Components

1 Vop=1.33V+-7.5% | EVRTRIM.SDVOUTSEL - 794

EVRRSTCON.RST13TRIM - DOy
EVRUVMON.EVR13UVVAL - D4
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5.1.1 EVR13 example layout

Here we show a sample layout for the design which use single supply mode with EVR13 in SMPS/DC-DC
regulator mode. The component references are the same in the table with recommended component values for
identification. In addition, EVR13 allows for the LDO mode with a minimal component set.

Figure 14 Layout schemes

5.2 Components for the EVR13 in LDO mode

A system integrator may decide to use EVR13 in LDO configuration if the power and thermal constraints of the
applications allow this. No software based adjustment of register settings is required in the application.

SVI33V
External
Supply

5VI33V
External

Supply

Vext Vexr

Voors 3.3 V Supply

I Couras

| Vooes 3.3 V Supply

I Coutsa

Feedback
3.3V LDOEVR

Voo 1.3V Supply

l

. Voo 1.3 V Supply
+AﬁI

Feedback

1.3V LDO EVR

o Veaterr ] Veatew
e Courts b
TC2xx TC2xx
SV/33V
nC Ext. Supply pC

External
P-channel
MOSFET

Figure 15 Basic schema of the EVR33 LDO and EVR13 in LDO mode with internal (right) and external
(left) pass devices
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Table 8 Components for the EVR13 on LDO mode

EVR13 LDO with an external P-Channel MOSFET as pass devices
Set Core maximum load | Pass device Buffer capacitor

1. lop <300 mA P-Channel MOSFET Output Capacitorl0 uF
SPD04P10PL (TO-252) | cGABL1X7R1C106K (1206)
IPD50P04PA4L (TO-252)

EVRx3 LDO with internal pass devices

2. lopx <100 mA - C3216X7R1C105K (1206)
3. loox <200 mA - C3216X7R1C225K (1206)
4. loox <300 mA - C3216X7R1C475K (1206)
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5.3 Recommended settings for components and frequency for EVR13 in
SMPS mode for TC23x

e Smaller devices of the TC2xx family (TC23x) provide the EVR13 SMPS regulator with switching capacitor
configuration. This allows for a smaller component set. The maximum supported load current for supply
dimensioning is:

- 230mA DD current / 10uF output capacitor (TC23x for example)
e Switching Frequency of the SMPS regulator:

- 1MHz

- 1.85MHz

e Vext Voltage supply range:

- 3.0V-3.63Vrange: Nominal 3.3V external single supply application.

1

Ve ap

‘ = Crrr

Veapo

Voo |

J‘ Cout
Vo3 ;[
A 1
I Cin

Voo

Figure 16 Basic schema EVR13 in SMPS mode in SCDCDC configuration
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Attention: In the following table the capacitance sizes include a derating of up to 35% with respect to
temperature process and aging, as documented in the corresponding datasheet. In case of
higher temperature applications, a derating of 50% on the capacitor nominal sizes needs to
be additionally considered, which would lead to higher nominal capacitance values.

Table 9 Component choice, Load current, Frequency selection and Register settings

Case | Condition Register values Component options

1 Iop<230 mA | EVRSDCTRL1 - 0829 2901, Output Capacitor (10 uF nominal value)
foc =1 MHz EVRSDCTRL2 - 1541 9100, e CGA6M3X7R1C106K (12xx)

Vadp3 < 3,63V | EVRSDCTRL3 - 3C49 0880, e (C3216X7R1C106 (1210)

EVRSDCOEFF2 - 0000 0507, | Flying Capacitor (1 uF nominal value)

e CGABP1X7R1C105K (12xx)

e (C2012X7R1E105 (0805)

Input Capacitor (4,7 uF nominal value)

e CGAG6P1X7R1C475K (12xx)

e C2012X7R1E475 (0805)

2 lop <230 mA | EVRSDCTRL1 - 0812 1201, Output Capacitor (10 uF nominal value)
foc = 1.85 MHz | EVRSDCTRL2 - 1541 9100, o CGA6M3X7R1C106K (12xx)

Vaap3 < 3,63V | EVRSDCTRL3 - 3C49 0880, e (3216X7R1C106 (1210)

EVRSDCOEFF2 - 0000 0407, | Flying Capacitor (1 uF nominal value)

o CGAG6P1XTR1C105K (12xx)

e C2012X7R1E105 (0805)

Input Capacitor (4,7 uF nominal value)
o CGAG6P1X7R1C475K (12xx)

e (C2012X7R1E475 (0805)
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6 Appendix
6.1 Example layouts for TC29x, TC27x and TC26x

The sample layout designs are based on the given stack-up and the following design rules:

e Trace=130um, Via-drill/-pad 0.3/0.6mm.

e 130um clearance for signal-to-signal and signal-to-pad.
e Top/Bottom Cu Thickness 50um.

e Inner layer Cu Thickness.

6.1.1 Example layout for BGA-516 package

SeemoEs S
fﬂ_::::::ﬂﬂ:::

HInonooong
IR0 NOOOOD

Figure 17 Example layout for BGA-516 package
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Table 10  De-coupling capacitor list for BGA-516 for external supply mode
Capacitor |Value Supply BGA-516 pin
C12, 3x100nF Voo V19//W18,
C13, V12//W13,
C15 M18//N19
Cl4 1x100nF Voo/Vooss (PD/ED) M13//N12
Co, 3x100nF VrLexe AK29,
Cr, AK20,
C8 AK11//AJ11
Cc21 1x100nF VFLEX J10
C5, 4 x 100nF Vexr AJ30//AH29,
C18, AD25//AC24,
c1o, A2//B3,
C25 F7//G8
C4, 2 x100nF VEBU AH30,
C3 J30//J29
Cc22 1x100nF VDDFL3 J21//K2O
C16 1x100nF Vooess (only for ED) R19
C1 1x100nF Vbors F24//623
C2 1 x330nF-470nF in case of external supplyor | Vopes A29//B28

1 x 1uF-2uF in case of internal LDO EVR supply

C23 1x100nF VAREFO / VAGNDO AE11
C24 1x100nF VAREF2 / VAGND2 AAG6
C9 1x100nF Voom AK9//AJ9//AE10
C19 1x330nF Vbors V25
C20 1x330nF Voo V24
C17 1x100nF VEVRSB AAl6
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6.1.2 Example layout for BGA-416 package
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Figure 18 Example layout for BGA-416 package
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Figure 19 De-coupling capacitor list for BGA-416 for external supply mode

Capacitor |Value Supply BGA-416 pin

C17, 7 x100nF Voo P23,

C18, V23,

C19, AB23//AC20,

C13, E23//D24,

C23, C25//B26,

C1o0, D9,

Cl11 Ha

C22, 2 x100nF VDDSTBY R1,

C24 (only forED) | R4

C9, 6 x 100nF VEXT K4,

C12, D14,

C3, AC16//AD16,

C26, AE16//AF16,

C27, D22//C23,

Cc28 B24/A25

c7 1x 330nF-470nF in case of external supply or Vbbp3 H24//H25//H26

1x 1uF-2uF in case of internal LDO EVR supply

Cl14, 3x100nF VEBU M23,

C15, T23,

Cl6 Y23

C20, 2x100nF VFLEXE AC18,

c21 AC22

C8 1x100nF VFLEX D7

(6(3) 1x100nF V/DDFL3 A18//B18

C5 1x330nF VbbP3 E26

C4 1x330nF Vo F26

C1, 2 x100nF VbbMm AE5,

C2 AE9

C25 1x100nF V/DDEVRSB AD9

C29 1x100nF VAREF1 AD6

C30 1x100nF VAREF2 W4

C31 1x100nF VDbDPSB P17
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6.1.3 Example layout for LFBGA-292 package
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Figure 20 Example layout for LFBGA-292 package
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Table 11 De-coupling capacitor list for LFBGA-292 package for external supply mode

Capacitor Value Supply BGA-292 pin

C9, 3x100nF \')) P13//N14,

C10, P8//NT7,

C11 H14//G13

C12 1x100nF Vop/Vopstey (PD/ED) H7//G8

C13 1x100nF VDDFL3 D16//E15

Cl14 1x100nF VFLEX D5

C2, 2 x100nF VEXT A2//B3,

C5 V19//W20

C1 1x 330nF-470nF in case of external supply or Vbbp3 A19//B18
1x 1uF-2uF in case of internal LDO EVR supply

C3 1x330nF Vob (Vbposc) N19

C4 1x330nF Vopp3 (VbDOsC3) N20

Cc7 1x100nF VoM / Vssm Y5

Co6 1x100nF VAREF1 / VAGND1 Y6

C8 1x100nF VAREF2 / VAGND2 T1

C15 1x100nF VEVRSB T11

Cl6 1x100nF Voopsg (only for ED) K14
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6.14 Example layout for LQFP-176 package

Top Layer Midlayerl
£ C3

'l

BottomLayer

4%

Figure 21 Example layout for LQFP-176 package

Application Note 36 of 51

(infineon

V1.0
2016-03



TC2xx hardware design guide
TriCore™ AURIX™ 32-bit microcontrollers

(infineon

Appendix

Table 12 De-coupling capacitor list for LQFP-176 package for external supply mode
Capacitor | Value Supply LQFP-176 pin
Cl, 4 x100nF Vbb 24,
C2, 68,
Cc4, 123,
c5 100
C3, 4 x100nF VEXT 25,
Ce6, 69,
Cs, 99,
C15 153
C7 1x 330nF-470nF in case of external supply or Vpopr3 154

1x 1uF-2uF in case of internal LDO EVR supply configuration

C14 1x330nF VbDoscC3 104
c1u1 1x100nF VDDFL3 155
Cle 1x100nF VDDSTBY 10
Cc9 1 x100nF VopM / Vssm 54 /53
C10 1x100nF VAReF1 /VaGND1 |52 /51
C13 1x100nF VAREF2 / VAGND2 | 26 /27
C12 1x100nF VFLEX 164
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6.1.5 Example layout for LQFP-144 package

Top Layer Midlayerl
£ C3

BottomLayer

1 1
c4 ¥ ci4t ¥ cs

m. C2

Figure 22 Example layout for LQFP-144 package
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Table 13 De-coupling capacitor list for LQFP-144 for external supply mode
Capacitor Value Supply | LQFP-144 pin
C1,C2,C4,C5 4 x100nF Voo 22,
58,
99,
79
C3,C6,C8,C15 | 4x100nF Vexr 23,
59,
78,
125
c7 1x 330nF-470nF in case of external supply or Voops 126
1x 1uF-2uF in case of internal LDO EVR supply configuration
Cl4 1x330nF Voposcs 83
C11 1x100nF VoorLs 127
Cle 1x100nF Vopstay 10
C9 1x100nF Voou / 44 /43
VSSM
C10 1x100nF Varer1 / 42 /41
VAGNDl
C13 1x100nF Varer2 / 24 /25
VAGNDZ
C12 1x100nF VELex 136
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6.2 Example layouts for TC23x, TC22x, TC21x
These microcontroller options have the following supply domains:

e VDD=1.3Vfor Core
e VDDP3=3.3Vforl/O Pad
e VDDM=3.3Vor 5V for ADC

The power supply feeding from the regulator outputs to each domain can be made on a supply layer (POWER).

C4 IIIIIIHHHIIIIII\H\HIIHIIHIIHHII
cs % Tc223
E c2 : £ c2
| C3 €10 3¢
Ci1 Cc1i
Cc4
o c12| 1° c12;
cs c11TC224 | | "
HC3 Ci1
C1 ci
C4 Ci4
ﬂﬂﬂﬂﬂﬂﬂﬂﬂf‘lﬂﬂﬂﬂﬂﬂﬂﬂl’]ﬂ R
[ e BeRsEaias hE C5
oo c1of ca_ -
s UTc222  f St
iFc2 g
=k spC3 B
c1 C1
Figure 23 De-coupling capacitor placement overview according to the layout examples for TC22x

and TC23x in figures 9 -12 (C8 / C13: Flying capacitor for SMPS mode)
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6.2.1 Example layout for LFBGA-292 package
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Figure 24 LFBGA-292 package
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Table 14 De-coupling capacitor list for LFBGA-292 package

Capacitor Value Supply LFBGA-292 pin

3, 5x 100nF VoD N19//L20,

C9, N14+P13//M13+N12,

C1o0, N7+P8//M8+N9,

C11, G8+H7//J8+H9,

C12 G13+H14//H12+J14

Cl4 1 x 2.2uF for LDO mode Vo VDD Plane

1 x 10uF for SMPS mode

C4 1x330nF \/opP3 N20//L20

Cl 1x100nF \/bpP3 A19//A20,
B18//B19,
D16//D17,
E15//E16

Cc2 1x100nF \bbP3 A2//B2,
B3//B2,
D5//D4

C5 1 x 100nF for external supply mode Vpppr3 W20// Y20,

1 x 4.7uF for SMPS mode V19//W19

C8 1 x100nF \bbP3 T11//P11

C7 1x100nF VoM / Vssm Y5//Y4

Co6 1x100nF VAREF / VAGND Y6//YT

C13 1 x 1uF only for SMPS mode Vcaro /Vcap1 Y17//Y18
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6.2.2 Example layout for TQFP-144 package

Figure 25 TQFP-144 package
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Table 15 De-coupling capacitor list for TQFP-144 package
Capacitor |Value Supply TQFP-144 pin
C12, 3x100nF VoD 99,
C9, 10 (VDDSB for ADAS device),
C11 22
C3 1 x2.2uF for TC224 with LDO mode VoD 79
1 x 100nF for all other cases
C10 1 x 100nF for TC234 for external supply mode VbD 70
1x2.2uF for TC234 for LDO mode
1 x 10uF for TC234 for SMPS mode
Cc2 1x330nF VbDP3 83
C1 1x4.7uF for TC234 in SMPS mode VbDP3 69
1 x 100nF for all other cases
C4, 2x100nF VbDP3 126,
C5 23
C8 1 x 1uF for TC234 in SMPS mode Vcapo-Veapr1 71//72
No cap required for all other cases
(o)) 1x100nF VAREF//VAGND 41//42
Cc7 1x100nF VopMm //Vssm 44//43
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6.2.3 Example layout for TQFP-100 package

i
S230uTRRERE

SESadS IR
aEIgEErasases
"%gflgwns::::

B auman
=

E333
CCRE
3

ZrLyrEcEEsasseas
30

Figure 26 TQFP-100 package
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Table 16 De-coupling capacitor list for TQFP-100 package
Capacitor Value Supply TQFP-100 pin
C9, 2 x100nF VoD 11,
Cc11 68
C3 1 x100nF for TC223 in external supply mode Vop 52
1x2.2uF for TC223 in LDO mode
C10 1 x100nF for TC233 in external supply mode Vob 48
1x2.2uF for TC233 in LDO mode
1 x 10uF for TC233 in SMPS mode
C2 1x330nF VbpP3 55
C4, 2x100nF VbDP3 86,
C5 12
C1 1 x 100nF for external supply mode Vpppr3 47
1x4.7uF for SMPS mode
(o)) 1x100nF VAREF//VAGND 31//30
Cc7 1x100nF Vopm//Vssm 33//32
Cs8 1 x 1uF only for TC233 in SMPS mode Vcapo-VcarP1 49,
50
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6.2.4 Example layout for TQFP-80 package
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Figure 27 TQFP-80 package
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Table 17 De-coupling capacitor list for TQFP-80 package

Capacitor Value Supply TQFP-80 pin

C9, 2 x100nF VoD 54,

C10 11

C3 1x 100nF for external supply mode VD 42

1x 2.2uF for LDO mode

C4, 2 x100nF VbDP3 71,

C5 12

C1 1x100nF VbbpP3 37

C2 1x330nF VbbpP3 45

C6 1x100nF VAREF//VAGND 26//25

Cc7 1x100nF Vopm//Vssm 28//27
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Acronyms and abbreviations

Table 18

Term Definition

ADC Analog-to-Digital Converter

AGBT Aurora Gigabit Trace (Interface)

BGA Ball Grid Array (Package)

DAP Debug Access Port

EEPROM Electrically Erasable Programmable Read-Only Memory
EME Electro Magnetic Emission

EMI Electro Magnetic Interference

ESR External Service Request (pin ESRx)

EVR Embedded Voltage Regulator

GPIO General Purpose Input Output

HSCT High Speed Communication Tunnel (module)
HSSI High Speed Serial Interface (Link)

LDO Low Drop Out (Voltage regulator)

LVDS Low Voltage Differenetial Interface

MSC Micro Second Channel

0CDS On-chip Debug Support

PCB Printed Circuit Board

PLL Phased Locked Loop

PWM Pulse Width Modulation

QFP Quad Flat Package

QSPI Queued Synchronous Peripheral Interface

RAM Random Access Memory

SMPS Switched Mode Power Supply (Voltage regulator)
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