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General Device Information

Table 6 Pin Definitions and Functions (cont'd)

Pin | Symbol Ctrl. | Type | Function

104 |P3.6 O0/1|St/B |Bit 6 of Port 3, General Purpose Input/Output
U2C1_DOUT |O1 St/B | USIC2 Channel 1 Shift Data Output
TxDC4 02 St/B | CAN Node 4 Transmit Data Output
UOCO_SELO |03 St/B | USICO Channel 0 Select/Control 6 Output
6
U2C1_DXO0A |I St/B | USIC2 Channel 1 Shift Data Input
U2C1_DX1B |1 St/B | USIC2 Channel 1 Shift Clock Input

105 |P10.7 O0/1|St/B |Bit7 of Port 10, General Purpose Input/Output
U0C1_DOUT |01 St/B | USICO Channel 1 Shift Data Output
CCU60_COU |02 St/B | CCU60 Channel 3 Output
T63
AD7 OH/ |St/B |External Bus Interface Address/Data Line 7

IH

U0C1_DX0B |I St/B | USICO Channel 1 Shift Data Input
CCuU60_CCP |1 St/B | CCU60 Position Input 0
OS0A
RxDC4C I St/B | CAN Node 4 Receive Data Input
T4INB I St/B | GPT12E Timer T4 Count/Gate Input

106 |[PO.7 O0/1|St/B |Bit7 of Port 0, General Purpose Input/Output
U1C1_DOUT |01 St/B | USIC1 Channel 1 Shift Data Output
U1CO_SELO |02 |St/B |USIC1 Channel 0 Select/Control 3 Output
3
TxDC3 o3 St/B | CAN Node 3 Transmit Data Output
A7 OH |St/B |External Bus Interface Address Line 7
U1C1_DX0B |I St/B | USIC1 Channel 1 Shift Data Input
CCU61_CTR |1 St/B | CCU61 Emergency Trap Input
APB

Data Sheet

37 V1.2, 2012-06



(infineon

XC2288l, XC2289I
XC2000 Family Derivatives / Premium Line

General Device Information

Table 6 Pin Definitions and Functions (cont'd)
Pin | Symbol Ctrl. | Type | Function
117 |[P10.10 O0/1|St/B |Bit10 of Port 10, General Purpose Input/Output
UOCO_SELO |O1 St/B | USICO Channel 0 Select/Control 0 Output
0
CCU60_COU |02 |St/B |CCU60 Channel 3 Output
T63
ERAY_TxEN |03 |St/B |ERAY Transmit Enable Output Channel A
A
AD10 OH/ |St/B |External Bus Interface Address/Data Line 10
IH
U0CO_DX2C |I St/B | USICO Channel 0 Shift Control Input
UOC1_DX1A |l St/B | USICO Channel 1 Shift Clock Input
TDI_B IH St/B |JTAG Test Data Input
If JTAG pos. B is selected during start-up, an
internal pull-up device will hold this pin high when
nothing is driving it.
118 [P10.11 O0/1|St/B |Bit11 of Port 10, General Purpose Input/Output
U1C0_SCLK |O1 St/B | USIC1 Channel 0 Shift Clock Output
ouT
BRKOUT 02 St/B | OCDS Break Signal Output
U3CO0_SELO |03 St/B | USIC3 Channel 0 Select/Control 0 Output
0
AD11 OH/ |St/B |External Bus Interface Address/Data Line 11
IH
U1C0_DX1D |l St/B | USIC1 Channel 0 Shift Clock Input
RxDC2B I St/B | CAN Node 2 Receive Data Input
TMS_B IH St/B | JTAG Test Mode Selection Input
If JTAG pos. B is selected during start-up, an
internal pull-up device will hold this pin high when
nothing is driving it.
U3CO0_DX2A |1 St/B | USIC3 Channel 0 Shift Control Input

Data Sheet
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General Device Information

Table 6 Pin Definitions and Functions (cont'd)
Pin | Symbol Ctrl. | Type | Function
131 [P1.5 O0/1|St/B |Bit5 of Port 1, General Purpose Input/Output
CCU62_COU |01 St/B | CCU62 Channel 0 Output
T60
U1C1_SELO |02 |St/B |USIC1 Channel 1 Select/Control 3 Output
3
BRKOUT O3 |St/B |OCDS Break Signal Output
A13 OH |St/B |External Bus Interface Address Line 13
U2C0_DXoC |I St/B | USIC2 Channel 0 Shift Data Input
132 |P9.6 O0/1|St/B |Bit 6 of Port 9, General Purpose Input/Output
CCU63_COU | O1 St/B | CCU63 Channel 3 Output
T63
CCUB3_COU |02 |[St/B |CCU63 Channel 2 Output
T62
CCuU62_COU |03 St/B | CCU62 Channel 1 Output
T61
CCu63 I St/B | CCU63 Emergency Trap Input
_CTRAPA
CCU60_CCP |1 St/B | CCU60 Position Input 1
0S1B
ERAY_RxDB || St/B | ERAY Receive Data Input Channel B
133 [P1.6 O0/1|St/B |Bit 6 of Port 1, General Purpose Input/Output
CCU62_CC6 |O1/1|St/B |CCU62 Channel 1 Output
1
U1C1_SELO |02 |St/B |USIC1 Channel 1 Select/Control 2 Output
2
U2C0_DOUT |03 St/B | USIC2 Channel 0 Shift Data Output
A14 OH |St/B |External Bus Interface Address Line 14
U2C0_DXO0D |I St/B | USIC2 Channel 0 Shift Data Input
CCu62_CC6 |1 St/B | CCU62 Channel 1 Input
1INA
U4C1_DXO0A |1 St/B | USIC4 Channel 1 Shift Data Input

Data Sheet
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Functional Description

With this hardware most XC228xl instructions are executed in a single machine cycle of

ns @ -MHz CPU clock. For example, shift and rotate instructions are always processed
during one machine cycle, no matter how many bits are shifted. Also, multiplication and
most MAC instructions execute in one cycle. All multiple-cycle instructions have been
optimized so that they can be executed very fast; for example, a 32-/16-bit division is
started within 4 cycles while the remaining cycles are executed in the background.
Another pipeline optimization, the branch target prediction, eliminates the execution time
of branch instructions if the prediction was correct.

The CPU has a register context consisting of up to three register banks with 16 word-
wide GPRs each at its disposal. One of these register banks is physically allocated within
the on-chip DPRAM area. A Context Pointer (CP) register determines the base address
of the active register bank accessed by the CPU at any time. The number of these
register bank copies is only restricted by the available internal RAM space. For easy
parameter passing, a register bank may overlap others.

A system stack of up to 32 Kwords is provided for storage of temporary data. The system
stack can be allocated to any location within the address space (preferably in the on-chip
RAM area); it is accessed by the CPU with the stack pointer (SP) register. Two separate
SFRs, STKOV and STKUN, are implicitly compared with the stack pointer value during
each stack access to detect stack overflow or underflow.

The high performance of the CPU hardware implementation can be best utilized by the
programmer with the highly efficient XC228xI instruction set. This includes the following
instruction classes:

« Standard Arithmetic Instructions

¢ DSP-Oriented Arithmetic Instructions
* Logical Instructions

* Boolean Bit Manipulation Instructions
* Compare and Loop Control Instructions
« Shift and Rotate Instructions

¢ Prioritize Instruction

« Data Movement Instructions

» System Stack Instructions

* Jump and Call Instructions

* Return Instructions

« System Control Instructions

¢ Miscellaneous Instructions

The basic instruction length is either 2 or 4 bytes. Possible operand types are bits, bytes
and words. A variety of direct, indirect or immediate addressing modes are provided to
specify the required operands.

Data Sheet 59 V1.2, 2012-06
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Functional Description

34 Memory Protection Unit (MPU)

The XC228xI's Memory Protection Unit (MPU) protects user-specified memory areas
from unauthorized read, write, or instruction fetch accesses. The MPU can protect the
whole address space including the peripheral area. This completes established
mechanisms such as the register security mechanism or stack overrun/underrun
detection.

Four Protection Levels support flexible system programming where operating system,
low level drivers, and applications run on separate levels. Each protection level permits
different access restrictions for instructions and/or data.

Every access is checked (if the MPU is enabled) and an access violating the permission
rules will be marked as invalid and leads to a protection trap.

A set of protection registers for each protection level specifies the address ranges and
the access permissions. Applications requiring more than 4 protection levels can
dynamically re-program the protection registers.

3.5 Memory Checker Module (MCHK)

The XC228xI’'s Memory Checker Module calculates a checksum (fractional polynomial
division) on a block of data, often called Cyclic Redundancy Code (CRC). It is based on
a 32-bit linear feedback shift register and may, therefore, also be used to generate
pseudo-random numbers.

The Memory Checker Module is a 16-bit parallel input signature compression circuitry
which enables error detection within a block of data stored in memory, registers, or
communicated e.g. via serial communication lines. It reduces the probability of error
masking due to repeated error patterns by calculating the signature of blocks of data.

The polynomial used for operation is configurable, so most of the commonly used
polynomials may be used. Also, the block size for generating a CRC result is
configurable via a local counter. An interrupt may be generated if testing the current data
block reveals an error.

An autonomous CRC compare circuitry is included to enable redundant error detection,
e.g. to enable higher safety integrity levels.

The Memory Checker Module provides enhanced fault detection (beyond parity or ECC)
for data and instructions in volatile and non volatile memories. This is especially
important for the safety and reliability of embedded systems.
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Functional Description

CCU6 Module Kernel
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Figure 4 CCUG6 Block Diagram

Timer T12 can work in capture and/or compare mode for its three channels. The modes
can also be combined. Timer T13 can work in compare mode only. The multi-channel
control unit generates output patterns that can be modulated by timer T12 and/or timer
T13. The modulation sources can be selected and combined for signal modulation.
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3.1 Real Time Clock

Functional Description

The Real Time Clock (RTC) module of the XC228xI can be clocked with a clock signal
selected from internal sources or external sources (pins).

The RTC basically consists of a chain of divider blocks:

» Selectable 32:1 and 8:1 dividers (on - off)
* The reloadable 16-bit timer T14

* The 32-bit RTC timer block (accessible via registers RTCH and RTCL) consisting of:

a reloadable 10-bit timer
a reloadable 6-bit timer
a reloadable 6-bit timer
a reloadable 10-bit timer

All timers count up. Each timer can generate an interrupt request. All requests are

combined to a common node request.

Jrre 1 oof2]ofox
RUN
RTCINT
MUX l¢{ -8 |« Interrupt Sub Node >
A 4 4 A
CNT CNT CNT CNT
\ PRE  REFOLK INTO INT1 INT2 INT3
REL-Register
T14REL 10 Bits 6 Bits 6 Bits 10 Bits
| i i i
V|« V|« Vit [Vies [V
1y i Iy Iy
font T14 »| 10 Bits [-*»|6 Bits|-+»|6 Bits|-+» 10 Bits [-
T14-Register CNT-Register
MCB05568B

Figure 7 RTC Block Diagram

Note: The registers associated with the RTC are only affected by a power reset.
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Functional Description

3.14 MultiCAN Module

The MultiCAN module contains independently operating CAN nodes with Full-CAN
functionality which are able to exchange Data and Remote Frames using a gateway
function. Transmission and reception of CAN frames is handled in accordance with CAN
specification V2.0 B (active). Each CAN node can receive and transmit standard frames
with 11-bit identifiers as well as extended frames with 29-bit identifiers.

All CAN nodes share a common set of message objects. Each message object can be
individually allocated to one of the CAN nodes. Besides serving as a storage container
for incoming and outgoing frames, message objects can be combined to build gateways
between the CAN nodes or to set up a FIFO buffer.

Note: The number of CAN nodes and message objects depends on the selected device
type.

The message objects are organized in double-chained linked lists, where each CAN
node has its own list of message objects. A CAN node stores frames only into message
objects that are allocated to its own message object list and it transmits only messages
belonging to this message object list. A powerful, command-driven list controller
performs all message object list operations.

MultiCAN Module Kernel

TXDCn
Clock Jfoan R g N%ﬁ: n RXOCn ™ ﬂ
Control
Message Linked
gc;c;r;sesr Object List : . Port
Buffer Control Control
TXDCO
CAN >
g Node 0 ﬂﬂ <_E]
Interrupt # # ’ [j
Control CAN Control

mc_multican_block.vsd

Figure 9 Block Diagram of MultiCAN Module
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Functional Description

MultiCAN Features

» CAN functionality conforming to CAN specification V2.0 B active for each CAN node
(compliant to ISO 11898)

* Independent CAN nodes

» Set of independent message objects (shared by the CAN nodes)

» Dedicated control registers for each CAN node

« Data transfer rate up to 1 Mbit/s, individually programmable for each node

» Flexible and powerful message transfer control and error handling capabilities

* Full-CAN functionality for message objects:
— Can be assigned to one of the CAN nodes
— Configurable as transmit or receive objects, or as message buffer FIFO
— Handle 11-bit or 29-bit identifiers with programmable acceptance mask for filtering
— Remote Monitoring Mode, and frame counter for monitoring

* Automatic Gateway Mode support

* 16 individually programmable interrupt nodes

* Analyzer mode for CAN bus monitoring

3.15 System Timer

The System Timer consists of a programmable prescaler and two concatenated timers
(10 bits and 6 bits). Both timers can generate interrupt requests. The clock source can
be selected and the timers can also run during power reduction modes.

Therefore, the System Timer enables the software to maintain the current time for
scheduling functions or for the implementation of a clock.

3.16 Watchdog Timer

The Watchdog Timer is one of the fail-safe mechanisms which have been implemented
to prevent the controller from malfunctioning for longer periods of time.

The Watchdog Timer is always enabled after an application reset of the chip. It can be
disabled and enabled at any time by executing the instructions DISWDT and ENWDT
respectively. The software has to service the Watchdog Timer before it overflows. If this
is not the case because of a hardware or software failure, the Watchdog Timer
overflows, generating a prewarning interrupt and then a reset request.

The Watchdog Timer is a 16-bit timer clocked with the system clock divided by 16,384
or 256. The Watchdog Timer register is set to a prespecified reload value (stored in
WDTREL) in order to allow further variation of the monitored time interval. Each time it
is serviced by the application software, the Watchdog Timer is reloaded and the
prescaler is cleared.

Time intervals between 3.2 us and 13.4 s can be monitored (@ 80 MHz).
The default Watchdog Timer interval after power-up is 6.5 ms (@ 10 MHz).
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Electrical Parameters

2) This parameter includes the sample time (also the additional sample time specified by STC), the time to
determine the digital result and the time to load the result register with the conversion result. Values for the
basic clock 75p, depend on programming.

3) The broken wire detection delay against V,g\p is measured in numbers of consecutive precharge cycles at a

conversion rate of not more than 500 ps. Result below 10% (66}).

4) The broken wire detection delay against V,ger is measured in numbers of consecutive precharge cycles at a
conversion rate of not more than 10 ps. This function is influenced by leakage current, in particular at high
temperature. Result above 80% (332,).

5) Van may exceed Vagnp OF Varer UP to the absolute maximum ratings. However, the conversion result in these

cases will be X000, or X3FF, respectively.

Table 21 ADC Parameters for Upper Voltage Range

Parameter Symbol Values Unit | Note /
Min. |Typ. |Max. Test Condition
Input resistance of the RynCC |- 0.9 1.5 kQ | not subject to
selected analog channel production test
1)
Input resistance of the Ryper |- 0.5 1 kQ | not subject to
reference input CcC production test
1)
Differential Non-Linearity | |EApy| |- 1.5 3.0 LSB | not subject to
Error 23145 cc production test
Gain Error 2249 |[EAganl | = 0.5 3.5 LSB | not subject to
CcC production test
Integral Non-Linearity |[EAn] |- 15 3.0 LSB | not subject to
231499) cc production test
Offset Error 2349 |[EAogel |- 1.0 4.0 LSB |not subject to
CcC production test
Total Unadjusted Error ¥ | |TUE| |- 25 4 LsSB |9
cC
Analog clock frequency | fapci SR |2 - 20 MHz | Std. reference
input (Varer)
2 - 17.5 MHz | Alt. reference
input (CHO)
Wakeup time from analog | tyar CC |- - 7 us
powerdown, fast mode
Wakeup time from analog | #yas CC |- - 115 |ups
powerdown, slow mode
Data Sheet 100 V1.2, 2012-06
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Electrical Parameters

Table 22 ADC Parameters for Lower Voltage Range (cont'd)

Parameter Symbol Values Unit | Note /

Min. |Typ. |Max. Test Condition

Wakeup time from analog | #yar CC |- - 8.5 us
powerdown, fast mode

Wakeup time from analog | #,yas CC |- - 15 us
powerdown, slow mode

These parameter values cover the complete operating range. Under relaxed operating conditions (room
temperature, nominal supply voltage) the typical values can be used for calculation.

The sum of DNL/INL/GAIN/OFF errors does not exceed the related TUE total unadjusted error.

If a reduced analog reference voltage between 1V and Vppp, / 2 is used, there is an additional decrease of
the ADC speed and accuracy.

If the analog reference voltage is below Vppp, but still in the range of Vpppa/ 2 and Vpppa, the ADC errors
increase. Reducing the reference voltage by a factor k (k < 1) increases TUE, DNL, INL, Gain and Offset errors
by a factor 1/k.

If the analog reference voltage is above Vppa, the ADC errors increase.

TUE is based on 12-bit conversions.

TUE is tested at Vager = Voppa = 3.3V, Vagnp = 0 V. It is verified by design for all other voltages within the
defined voltage range. The specified TUE is valid only if the absolute sum of input overload currents on analog
port pins (see Iy, specification) does not exceed 10 mA, and if Vager and Vagyp remain stable during the
measurement time.

e———eccccccc—cccccc——————

] A/D Converter-:
! RAIN, On

1
C

Source

i

=C =C

<—
|

AN Ext ANT ™ “AINS == Cans

r
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
W

MCS05570

Figure 13 Equivalent Circuitry for Analog Inputs
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Electrical Parameters

4.6.2 Definition of Internal Timing
The internal operation of the XC228xl is controlled by the internal system clock fgys.

Because the system clock signal fgys can be generated from a number of internal and
external sources using different mechanisms, the duration of the system clock periods
(TCSs) and their variation (as well as the derived external timing) depend on the
mechanism used to generate fgys. This must be considered when calculating the timing
for the XC228xI.

Phase Locked Loop Operation (1:N)

N I e

fSYS

Direct Clock Drive (1:1)

iU UL L

fSYS

Prescaler Operation (N:1)

o LT L L L L
oL L |

TCS

MC_XC2X_CLOCKGEN

Figure 16  Generation Mechanisms for the System Clock

Note: The example of PLL operation shown in Figure 16 uses a PLL factor of 1:4; the
example of prescaler operation uses a divider factor of 2:1.

The specification of the external timing (AC Characteristics) depends on the period of the
system clock (TCS).
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Electrical Parameters

4.6.4 Pad Properties

The output pad drivers of the XC228xI can operate in several user-selectable modes.
Strong driver mode allows controlling external components requiring higher currents
such as power bridges or LEDs. Reducing the driving power of an output pad reduces
electromagnetic emissions (EME). In strong driver mode, selecting a slower edge
reduces EME.

The dynamic behavior, i.e. the rise time and fall time, depends on the applied external
capacitance that must be charged and discharged. Timing values are given for a
capacitance of 20 pF, unless otherwise noted.

In general, the performance of a pad driver depends on the available supply voltage
Vope- Therefore the following tables list the pad parameters for the upper voltage range
and the lower voltage range, respectively.

Note: These parameters are not subject to production test but verified by design and/or
characterization.

Note: Operating Conditions apply.
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Electrical Parameters

4.6.6 Synchronous Serial Interface Timing

The following parameters are applicable for a USIC channel operated in SSC mode.

Note: These parameters are not subject to production test but verified by design and/or
characterization.

Note: Operating Conditions apply; C, = 20 pF.

Table 37 USIC SSC Master Mode Timing for Upper Voltage Range

Parameter Symbol Values Unit | Note /
Min. Typ Max. Test Condition

Slave select output SELO | ¢, CC fsys - - ns

active to first SCLKOUT -8"

transmit edge

Slave select output SELO |#, CC fsys - - ns

inactive after last -6"

SCLKOUT receive edge

Data output DOUT valid |#; CC -6 - 9 ns

time

Receive data input setup |7, SR 31 - - ns

time to SCLKOUT receive

edge

Data input DXO0 hold time | #5 SR -4 - . ns

from SCLKOUT receive

edge

1) teys =11 fsys

Table 38 USIC SSC Master Mode Timing for Lower Voltage Range

Parameter Symbol Values Unit | Note /
Min. |Typ. |Max. Test Condition
Slave select output SELO |¢, CC fsys - - ns
active to first SCLKOUT -10"
transmit edge
Slave select output SELO |#, CC fsys - - ns
inactive after last -9
SCLKOUT receive edge
Data output DOUT valid |#; CC -7 - 11 ns
time
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Table 38 USIC SSC Master Mode Timing for Lower Voltage Range (cont'd)

Parameter Symbol Values Unit | Note /
Min. Typ. Max. Test Condition
Receive data input setup |7, SR 40 - - ns
time to SCLKOUT receive
edge
Data input DXO0 hold time | #5 SR -5 - . ns

from SCLKOUT receive
edge

1) teys =11 fsys

Table 39 USIC SSC Slave Mode Timing for Upper Voltage Range

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

Select input DX2 setup to
first clock input DX1
transmit edge"

t SR

ns

Selectinput DX2 hold after
last clock input DX1
receive edge"

ns

Receive data input setup
time to shift clock receive
edge"

t;» SR

ns

Data input DX0 hold time
from clock input DX1
receive edge"

1,3 SR

ns

Data output DOUT valid
time

1,4 CC

33

ns

1) These input timings are valid for asynchronous input signal handling of slave select input, shift clock input, and

receive data input (bits DXnCR.DSEN = 0).
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Table 43 DAP Interface Timing for Lower Voltage Range
Parameter Symbol Values Unit | Note /

Min. |Typ. |Max. Test Condition
DAPO clock period t4SR 25" |- - ns
DAPO high time 1o SR |8 - - ns
DAPO low time 3SR |8 - - ns
DAPO clock rise time 14 SR |- - 4 ns
DAPO clock fall time ti5 SR |- - 4 ns
DAP1 setup to DAPO 1SR |6 - - ns pad_type= stan
rising edge dard
DAP1 hold after DAPO 7SR |6 - - ns pad_type= stan
rising edge dard
DAP1 valid per DAPO t9oCC |12 17 - ns pad_type= stan
clock period? dard

1) The debug interface cannot operate faster than the overall system, therefore #;, = tgys.

2) The Host has to find a suitable sampling point by analyzing the sync telegram response.

MC_DAPO

Figure 25
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5 Package and Reliability

The XC2000 Family devices use the package type PG-LQFP (Plastic Green - Low
Profile Quad Flat Package). The following specifications must be regarded to ensure
proper integration of the XC228xl in its target environment.

5.1 Packaging
These parameters specify the packaging rather than the silicon.

Table 46 Package Parameters (PG-LQFP-144-16)

Parameter Symbol Limit Values Unit | Notes
Min. Max.
Exposed Pad Dimension |Exx Ey |- 75x75 |mm |-
Thermal resistance Roua - 21 K/W | 4-layer,
Junction-Ambient pad soldered”

1) Device mounted on a 4-layer JEDEC board (according to JESD 51-7) with thermal vias; exposed pad soldered
to the board.
Using this device without the exposed pad soldered or on boards without thermal vias is not recommended.

Note: To improve the EMC behavior, it is recommended to connect the exposed pad to
the board ground, independent of the thermal requirements.
Board layout examples are given in an application note.

Usage in High-Performance Applications

The XC228xl can deliver a high performance to the system. In some cases additional
measures are required to remove the heat from the device.

This may be necessary if the XC228xl is supplied with Vpp =5V and is operated at a
high system frequency in a hot environment.

Applications with Vppe = 3.3 V usually require no extra measures.

Package Compatibility Considerations

The XC228xl is a member of the XC2000 Family of microcontrollers. Itis also compatible
to a certain extent with members of similar families or subfamilies.

Each package is optimized for the device it houses. Therefore, there may be slight
differences between packages of the same pin-count but for different device types. In
particular, the size of the Exposed Pad (if present) may vary.

If different device types are considered or planned for an application, it must be ensured
that the board layout fits all packages under consideration.
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