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Trademarks
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16/32-Bit Single-Chip Microcontroller with 32-Bit Performance
XC228xM (XC2000 Family)

1 Summary of Features
For a quick overview and easy reference, the features of the XC228xM are summarized
here.
• High-performance CPU with five-stage pipeline and MPU

– 12.5 ns instruction cycle at 80 MHz CPU clock (single-cycle execution)
– One-cycle 32-bit addition and subtraction with 40-bit result
– One-cycle multiplication (16 × 16 bit)
– Background division (32 / 16 bit) in 21 cycles
– One-cycle multiply-and-accumulate (MAC) instructions
– Enhanced Boolean bit manipulation facilities
– Zero-cycle jump execution
– Additional instructions to support HLL and operating systems
– Register-based design with multiple variable register banks
– Fast context switching support with two additional local register banks
– 16 Mbytes total linear address space for code and data
– 1024 Bytes on-chip special function register area (C166 Family compatible)
– Integrated Memory Protection Unit (MPU)

• Interrupt system with 16 priority levels for up to 96 sources
– Selectable external inputs for interrupt generation and wake-up
– Fastest sample-rate 12.5 ns

• Eight-channel interrupt-driven single-cycle data transfer with
Peripheral Event Controller (PEC), 24-bit pointers cover total address space

• Clock generation from internal or external clock sources,
using on-chip PLL or prescaler

• Hardware CRC-Checker with Programmable Polynomial to Supervise On-Chip
Memory Areas

• On-chip memory modules
– 8 Kbytes on-chip stand-by RAM (SBRAM)
– 2 Kbytes on-chip dual-port RAM (DPRAM)
– Up to 16 Kbytes on-chip data SRAM (DSRAM)
– Up to 32 Kbytes on-chip program/data SRAM (PSRAM)
– Up to 832 Kbytes on-chip program memory (Flash memory)
– Memory content protection through Error Correction Code (ECC)

• On-Chip Peripheral Modules
– Multi-functional general purpose timer unit with 5 timers
– 16-channel general purpose capture/compare unit (CAPCOM2)
– Up to 4 capture/compare units for flexible PWM signal generation (CCU6x)
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– Two Synchronizable A/D Converters with a total of up to 24 channels, 10-bit
resolution, conversion time below 1 μs, optional data preprocessing (data
reduction, range check), broken wire detection

– Up to 8 serial interface channels to be used as UART, LIN, high-speed
synchronous channel (SPI), IIC bus interface (10-bit addressing, 400 kbit/s), IIS
interface

– On-chip MultiCAN interface (Rev. 2.0B active) with up to 256 message objects
(Full CAN/Basic CAN) on up to 6 CAN nodes and gateway functionality

– On-chip system timer and on-chip real time clock
• Up to 12 Mbytes external address space for code and data

– Programmable external bus characteristics for different address ranges
– Multiplexed or demultiplexed external address/data buses
– Selectable address bus width
– 16-bit or 8-bit data bus width
– Four programmable chip-select signals
– Hold- and hold-acknowledge bus arbitration support

• Single power supply from 3.0 V to 5.5 V
• Power reduction and wake-up modes with flexible power management
• Programmable watchdog timer and oscillator watchdog
• Up to 119 general purpose I/O lines
• On-chip bootstrap loaders
• Supported by a full range of development tools including C compilers, macro-

assembler packages, emulators, evaluation boards, HLL debuggers, simulators,
logic analyzer disassemblers, programming boards

• On-chip debug support via Device Access Port (DAP) or JTAG interface
• 144-pin Green LQFP package, 0.5 mm (19.7 mil) pitch
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Ordering Information
The ordering code for an Infineon microcontroller provides an exact reference to a
specific product. This ordering code identifies:
• the function set of the corresponding product type
• the temperature range:

– SAF-…: -40°C to 85°C
– SAH-…: -40°C to 110°C
– SAK-…: -40°C to 125°C

• the package and the type of delivery.
For ordering codes for the XC228xM please contact your sales representative or local
distributor.
This document describes several derivatives of the XC228xM group:
Basic Device Types are readily available and
Special Device Types are only available on request.
As this document refers to all of these derivatives, some descriptions may not apply to a
specific product, in particular to the special device types.
For simplicity the term XC228xM is used for all derivatives throughout this document.

1.1 Basic Device Types
Basic device types are available and can be ordered through Infineon’s direct and/or
distribution channels.

Table 1 Synopsis of XC228xM Basic Device Types
Derivative1)

1) xx is a placeholder for the available speed grade (in MHz).

Flash 
Memory2)

2) Specific information about the on-chip Flash memory in Table 3.

PSRAM
DSRAM3)

3) All derivatives additionally provide 8 Kbytes SBRAM and 2 Kbytes DPRAM.

Capt./Comp. 
Modules

ADC4) 
Chan.

4) Specific information about the available channels in Table 5.
Analog input channels are listed for each Analog/Digital Converter module separately (ADC0 + ADC1).

Interfaces4)

XC2287M-
104FxxLR

832 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 6 CAN Nodes,
8 Serial Chan.
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1.2 Special Device Types
Special device types are only available for high-volume applications on request.

Table 2 Synopsis of XC228xM Special Device Types
Derivative1)

1) xx is a placeholder for the available speed grade (in MHz).

Flash 
Memory2)

2) Specific information about the on-chip Flash memory in Table 3.

PSRAM
DSRAM3)

3) All derivatives additionally provide 8 Kbytes SBRAM and 2 Kbytes DPRAM.

Capt./Comp. 
Modules

ADC4) 
Chan.

4) Specific information about the available channels in Table 5.
Analog input channels are listed for each Analog/Digital Converter module separately (ADC0 + ADC1).

Interfaces4)

XC2287M-
104FxxL

832 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 6 CAN Nodes,
8 Serial Chan.

XC2287M-
72FxxL

576 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 6 CAN Nodes,
8 Serial Chan.

XC2287M-
56FxxL

448 Kbytes 16/8 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 6 CAN Nodes,
8 Serial Chan.

XC2286M-
104FxxL

832 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 3 CAN Nodes,
8 Serial Chan.

XC2286M-
72FxxL

576 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 3 CAN Nodes,
8 Serial Chan.

XC2286M-
56FxxL

448 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1/2/3

16 + 8 3 CAN Nodes,
8 Serial Chan.

XC2285M-
104FxxL

832 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1

8 + 8 2 CAN Nodes,
4 Serial Chan.

XC2285M-
72FxxL

576 Kbytes 32/16 
Kbytes
16 Kbytes

CC2
CCU60/1

8 + 8 2 CAN Nodes,
4 Serial Chan.

XC2285M-
56FxxL

448 Kbytes 16/8 
Kbytes
16 Kbytes

CC2
CCU60/1

8 + 8 2 CAN Nodes,
4 Serial Chan.
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3.6 Interrupt System
The architecture of the XC228xM supports several mechanisms for fast and flexible
response to service requests; these can be generated from various sources internal or
external to the microcontroller. Any of these interrupt requests can be programmed to be
serviced by the Interrupt Controller or by the Peripheral Event Controller (PEC).
Where in a standard interrupt service the current program execution is suspended and
a branch to the interrupt vector table is performed, just one cycle is ‘stolen’ from the
current CPU activity to perform a PEC service. A PEC service implies a single byte or
word data transfer between any two memory locations with an additional increment of
either the PEC source pointer, the destination pointer, or both. An individual PEC
transfer counter is implicitly decremented for each PEC service except when performing
in the continuous transfer mode. When this counter reaches zero, a standard interrupt is
performed to the corresponding source-related vector location. PEC services are
particularly well suited to supporting the transmission or reception of blocks of data. The
XC228xM has eight PEC channels, each whith fast interrupt-driven data transfer
capabilities.
With a minimum interrupt response time of 7/111) CPU clocks, the XC228xM can react
quickly to the occurrence of non-deterministic events.

Interrupt Nodes and Source Selection
The interrupt system provides 96 physical nodes with separate control register
containing an interrupt request flag, an interrupt enable flag and an interrupt priority bit
field. Most interrupt sources are assigned to a dedicated node. A particular subset of
interrupt sources shares a set of nodes. The source selection can be programmed using
the interrupt source selection (ISSR) registers. 

External Request Unit (ERU)
A dedicated External Request Unit (ERU) is provided to route and preprocess selected
on-chip peripheral and external interrupt requests. The ERU features 4 programmable
input channels with event trigger logic (ETL) a routing matrix and 4 output gating units
(OGU). The ETL features rising edge, falling edge, or both edges event detection. The
OGU combines the detected interrupt events and provides filtering capabilities
depending on a programmable pattern match or miss.

Trap Processing
The XC228xM provides efficient mechanisms to identify and process exceptions or error
conditions that arise during run-time, the so-called ‘Hardware Traps’. A hardware trap
causes an immediate system reaction similar to a standard interrupt service (branching

1) Depending if the jump cache is used or not.
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to a dedicated vector table location). The occurrence of a hardware trap is also indicated
by a single bit in the trap flag register (TFR). Unless another higher-priority trap service
is in progress, a hardware trap will interrupt any ongoing program execution. In turn,
hardware trap services can normally not be interrupted by standard or PEC interrupts.
Depending on the package option up to 3 External Service Request (ESR) pins are
provided. The ESR unit processes their input values and allows to implement user
controlled trap functions (System Requests SR0 and SR1). In this way reset, wakeup
and power control can be efficiently realized.
Software interrupts are supported by the ‘TRAP’ instruction in combination with an
individual trap (interrupt) number. Alternatively to emulate an interrupt by software a
program can trigger interrupt requests by writing the Interrupt Request (IR) bit of an
interrupt control register.

3.7 On-Chip Debug Support (OCDS)
The On-Chip Debug Support system built into the XC228xM provides a broad range of
debug and emulation features. User software running on the XC228xM can be debugged
within the target system environment.
The OCDS is controlled by an external debugging device via the debug interface. This
either consists of the 2-pin Device Access Port (DAP) or of the JTAG port conforming to
IEEE-1149. The debug interface can be completed with an optional break interface.
The debugger controls the OCDS with a set of dedicated registers accessible via the
debug interface (DAP or JTAG). In addition the OCDS system can be controlled by the
CPU, e.g. by a monitor program. An injection interface allows the execution of OCDS-
generated instructions by the CPU.
Multiple breakpoints can be triggered by on-chip hardware, by software, or by an
external trigger input. Single stepping is supported, as is the injection of arbitrary
instructions and read/write access to the complete internal address space. A breakpoint
trigger can be answered with a CPU halt, a monitor call, a data transfer, or/and the
activation of an external signal.
Tracing data can be obtained via the debug interface, or via the external bus interface
for increased performance.
Tracing of program execution is supported by the XC2000 Family emulation device.
The DAP interface uses two interface signals, the JTAG interface uses four interface
signals, to communicate with external circuitry. The debug interface can be amended
with two optional break lines.
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3.8 Capture/Compare Unit (CAPCOM2)
The CAPCOM2 unit supports generation and control of timing sequences on up to
16 channels with a maximum resolution of one system clock cycle (eight cycles in
staggered mode). The CAPCOM2 unit is typically used to handle high-speed I/O tasks
such as pulse and waveform generation, pulse width modulation (PWM), digital to
analog (D/A) conversion, software timing, or time recording with respect to external
events.
Two 16-bit timers (T7/T8) with reload registers provide two independent time bases for
the capture/compare register array.
The input clock for the timers is programmable to several prescaled values of the internal
system clock, or may be derived from an overflow/underflow of timer T6 in module GPT2.
This provides a wide range or variation for the timer period and resolution and allows
precise adjustments to the application-specific requirements. In addition, an external
count input allows event scheduling for the capture/compare registers relative to external
events.
The capture/compare register array contains 16 dual purpose capture/compare
registers, each of which may be individually allocated to either CAPCOM timer and
programmed for capture or compare function.
All registers have each one port pin associated with it which serves as an input pin for
triggering the capture function, or as an output pin to indicate the occurrence of a
compare event.
When a capture/compare register has been selected for capture mode, the current
contents of the allocated timer will be latched (‘captured’) into the capture/compare
register in response to an external event at the port pin which is associated with this
register. In addition, a specific interrupt request for this capture/compare register is
generated. Either a positive, a negative, or both a positive and a negative external signal
transition at the pin can be selected as the triggering event.
The contents of all registers which have been selected for one of the five compare modes
are continuously compared with the contents of the allocated timers.
When a match occurs between the timer value and the value in a capture/compare
register, specific actions will be taken based on the selected compare mode.

Table 9 Compare Modes
Compare Modes Function
Mode 0 Interrupt-only compare mode;

Several compare interrupts per timer period are possible
Mode 1 Pin toggles on each compare match;

Several compare events per timer period are possible
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Mode 2 Interrupt-only compare mode;
Only one compare interrupt per timer period is generated

Mode 3 Pin set ‘1’ on match; pin reset ‘0’ on compare timer overflow;
Only one compare event per timer period is generated

Double Register 
Mode

Two registers operate on one pin;
Pin toggles on each compare match;
Several compare events per timer period are possible

Single Event Mode Generates single edges or pulses;
Can be used with any compare mode

Table 9 Compare Modes (cont’d)

Compare Modes Function
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Figure 6 CAPCOM2 Unit Block Diagram
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3.9 Capture/Compare Units CCU6x
The XC228xM types feature the CCU60, CCU61, CCU62 and CCU63 unit(s).
The CCU6 is a high-resolution capture and compare unit with application-specific
modes. It provides inputs to start the timers synchronously, an important feature in
devices with several CCU6 modules.
The module provides two independent timers (T12, T13), that can be used for PWM
generation, especially for AC motor control. Additionally, special control modes for block
commutation and multi-phase machines are supported.

Timer 12 Features
• Three capture/compare channels, where each channel can be used either as a

capture or as a compare channel.
• Supports generation of a three-phase PWM (six outputs, individual signals for high-

side and low-side switches)
• 16-bit resolution, maximum count frequency = peripheral clock
• Dead-time control for each channel to avoid short circuits in the power stage
• Concurrent update of the required T12/13 registers
• Center-aligned and edge-aligned PWM can be generated
• Single-shot mode supported
• Many interrupt request sources
• Hysteresis-like control mode
• Automatic start on a HW event (T12HR, for synchronization purposes)

Timer 13 Features
• One independent compare channel with one output
• 16-bit resolution, maximum count frequency = peripheral clock
• Can be synchronized to T12
• Interrupt generation at period match and compare match
• Single-shot mode supported
• Automatic start on a HW event (T13HR, for synchronization purposes)

Additional Features
• Block commutation for brushless DC drives implemented
• Position detection via Hall sensor pattern
• Automatic rotational speed measurement for block commutation
• Integrated error handling
• Fast emergency stop without CPU load via external signal (CTRAP)
• Control modes for multi-channel AC drives
• Output levels can be selected and adapted to the power stage
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Figure 7 CCU6 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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3.10 General Purpose Timer (GPT12E) Unit
The GPT12E unit is a very flexible multifunctional timer/counter structure which can be
used for many different timing tasks such as event timing and counting, pulse width and
duty cycle measurements, pulse generation, or pulse multiplication.
The GPT12E unit incorporates five 16-bit timers organized in two separate modules,
GPT1 and GPT2. Each timer in each module may either operate independently in a
number of different modes or be concatenated with another timer of the same module.
Each of the three timers T2, T3, T4 of module GPT1 can be configured individually for
one of four basic modes of operation: Timer, Gated Timer, Counter, and Incremental
Interface Mode. In Timer Mode, the input clock for a timer is derived from the system
clock and divided by a programmable prescaler. Counter Mode allows timer clocking in
reference to external events.
Pulse width or duty cycle measurement is supported in Gated Timer Mode, where the
operation of a timer is controlled by the ‘gate’ level on an external input pin. For these
purposes each timer has one associated port pin (TxIN) which serves as a gate or clock
input. The maximum resolution of the timers in module GPT1 is 4 system clock cycles.
The counting direction (up/down) for each timer can be programmed by software or
altered dynamically by an external signal on a port pin (TxEUD), e.g. to facilitate position
tracking.
In Incremental Interface Mode the GPT1 timers can be directly connected to the
incremental position sensor signals A and B through their respective inputs TxIN and
TxEUD. Direction and counting signals are internally derived from these two input
signals, so that the contents of the respective timer Tx corresponds to the sensor
position. The third position sensor signal TOP0 can be connected to an interrupt input.
Timer T3 has an output toggle latch (T3OTL) which changes its state on each timer
overflow/underflow. The state of this latch may be output on pin T3OUT e.g. for time out
monitoring of external hardware components. It may also be used internally to clock
timers T2 and T4 for measuring long time periods with high resolution.
In addition to the basic operating modes, T2 and T4 may be configured as reload or
capture register for timer T3. A timer used as capture or reload register is stopped. The
contents of timer T3 is captured into T2 or T4 in response to a signal at the associated
input pin (TxIN). Timer T3 is reloaded with the contents of T2 or T4, triggered either by
an external signal or a selectable state transition of its toggle latch T3OTL. When both
T2 and T4 are configured to alternately reload T3 on opposite state transitions of T3OTL
with the low and high times of a PWM signal, this signal can be continuously generated
without software intervention.
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Figure 8 Block Diagram of GPT1
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With its maximum resolution of 2 system clock cycles, the GPT2 module provides
precise event control and time measurement. It includes two timers (T5, T6) and a
capture/reload register (CAPREL). Both timers can be clocked with an input clock which
is derived from the CPU clock via a programmable prescaler or with external signals. The
counting direction (up/down) for each timer can be programmed by software or altered
dynamically with an external signal on a port pin (TxEUD). Concatenation of the timers
is supported with the output toggle latch (T6OTL) of timer T6, which changes its state on
each timer overflow/underflow.
The state of this latch may be used to clock timer T5, and/or it may be output on pin
T6OUT. The overflows/underflows of timer T6 can also be used to clock the CAPCOM2
timers and to initiate a reload from the CAPREL register.
The CAPREL register can capture the contents of timer T5 based on an external signal
transition on the corresponding port pin (CAPIN); timer T5 may optionally be cleared
after the capture procedure. This allows the XC228xM to measure absolute time
differences or to perform pulse multiplication without software overhead.
The capture trigger (timer T5 to CAPREL) can also be generated upon transitions of
GPT1 timer T3 inputs T3IN and/or T3EUD. This is especially advantageous when T3
operates in Incremental Interface Mode.



XC2287M, XC2286M, XC2285M
XC2000 Family / Base Line

Functional Description 

Data Sheet 71 V2.12, 2015-02
 

Figure 9 Block Diagram of GPT2
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3.11 Real Time Clock
The Real Time Clock (RTC) module of the XC228xM 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.

Figure 10 RTC Block Diagram
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The RTC module can be used for different purposes:
• System clock to determine the current time and date
• Cyclic time-based interrupt, to provide a system time tick independent of CPU

frequency and other resources
• 48-bit timer for long-term measurements
• Alarm interrupt at a defined time
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3.12 A/D Converters
For analog signal measurement, up to two 10-bit A/D converters (ADC0, ADC1) with
16 + 8 multiplexed input channels and a sample and hold circuit have been integrated
on-chip. 4 inputs can be converted by both A/D converters. Conversions use the
successive approximation method. The sample time (to charge the capacitors) and the
conversion time are programmable so that they can be adjusted to the external circuit.
The A/D converters can also operate in 8-bit conversion mode, further reducing the
conversion time.
Several independent conversion result registers, selectable interrupt requests, and
highly flexible conversion sequences provide a high degree of programmability to meet
the application requirements. Both modules can be synchronized to allow parallel
sampling of two input channels.
For applications that require more analog input channels, external analog multiplexers
can be controlled automatically. For applications that require fewer analog input
channels, the remaining channel inputs can be used as digital input port pins.
The A/D converters of the XC228xM support two types of request sources which can be
triggered by several internal and external events.
• Parallel requests are activated at the same time and then executed in a predefined

sequence.
• Queued requests are executed in a user-defined sequence.
In addition, the conversion of a specific channel can be inserted into a running sequence
without disturbing that sequence. All requests are arbitrated according to the priority
level assigned to them.
Data reduction features reduce the number of required CPU access operations allowing
the precise evaluation of analog inputs (high conversion rate) even at a low CPU speed.
Result data can be reduced by limit checking or accumulation of results.
The Peripheral Event Controller (PEC) can be used to control the A/D converters or to
automatically store conversion results to a table in memory for later evaluation, without
requiring the overhead of entering and exiting interrupt routines for each data transfer.
Each A/D converter contains eight result registers which can be concatenated to build a
result FIFO. Wait-for-read mode can be enabled for each result register to prevent the
loss of conversion data.
In order to decouple analog inputs from digital noise and to avoid input trigger noise,
those pins used for analog input can be disconnected from the digital input stages. This
can be selected for each pin separately with the Port x Digital Input Disable registers.
The Auto-Power-Down feature of the A/D converters minimizes the power consumption
when no conversion is in progress.
Broken wire detection for each channel and a multiplexer test mode provide information
to verify the proper operation of the analog signal sources (e.g. a sensor system).
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3.13 Universal Serial Interface Channel Modules (USIC)
The XC228xM features the USIC modules USIC0, USIC1, USIC2, USIC3. Each module
provides two serial communication channels.
The Universal Serial Interface Channel (USIC) module is based on a generic data shift
and data storage structure which is identical for all supported serial communication
protocols. Each channel supports complete full-duplex operation with a basic data buffer
structure (one transmit buffer and two receive buffer stages). In addition, the data
handling software can use FIFOs.
The protocol part (generation of shift clock/data/control signals) is independent of the
general part and is handled by protocol-specific preprocessors (PPPs).
The USIC’s input/output lines are connected to pins by a pin routing unit. The inputs and
outputs of each USIC channel can be assigned to different interface pins, providing great
flexibility to the application software. All assignments can be made during runtime.

Figure 11 General Structure of a USIC Module

The regular structure of the USIC module brings the following advantages:
• Higher flexibility through configuration with same look-and-feel for data management
• Reduced complexity for low-level drivers serving different protocols
• Wide range of protocols with improved performances (baud rate, buffer handling)
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Target Protocols
Each USIC channel can receive and transmit data frames with a selectable data word
width from 1 to 16 bits in each of the following protocols:
• UART (asynchronous serial channel)

– module capability: maximum baud rate = fSYS / 4
– data frame length programmable from 1 to 63 bits
– MSB or LSB first

• LIN Support (Local Interconnect Network)
– module capability: maximum baud rate = fSYS / 16
– checksum generation under software control
– baud rate detection possible by built-in capture event of baud rate generator

• SSC/SPI (synchronous serial channel with or without data buffer)
– module capability: maximum baud rate = fSYS / 2, limited by loop delay
– number of data bits programmable from 1 to 63, more with explicit stop condition
– MSB or LSB first
– optional control of slave select signals

• IIC (Inter-IC Bus)
– supports baud rates of 100 kbit/s and 400 kbit/s

• IIS (Inter-IC Sound Bus)
– module capability: maximum baud rate = fSYS / 2

Note: Depending on the selected functions (such as digital filters, input synchronization
stages, sample point adjustment, etc.), the maximum achievable baud rate can be
limited. Please note that there may be additional delays, such as internal or
external propagation delays and driver delays (e.g. for collision detection in UART
mode, for IIC, etc.).
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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.

Figure 12 Block Diagram of MultiCAN Module
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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.
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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 μs and 13.42 s can be monitored (@ 80 MHz).
The default Watchdog Timer interval after power-up is 6.5 ms (@ 10 MHz).

3.17 Clock Generation
The Clock Generation Unit can generate the system clock signal fSYS for the XC228xM
from a number of external or internal clock sources:
• External clock signals with pad voltage or core voltage levels
• External crystal or resonator using the on-chip oscillator
• On-chip clock source for operation without crystal/resonator
• Wake-up clock (ultra-low-power) to further reduce power consumption
The programmable on-chip PLL with multiple prescalers generates a clock signal for
maximum system performance from standard crystals, a clock input signal, or from the
on-chip clock source. See also Section 4.6.2.
The Oscillator Watchdog (OWD) generates an interrupt if the crystal oscillator frequency
falls below a certain limit or stops completely. In this case, the system can be supplied
with an emergency clock to enable operation even after an external clock failure.
All available clock signals can be output on one of two selectable pins.
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3.18 Parallel Ports
The XC228xM provides up to 119 I/O lines which are organized into 11 input/output ports
and 2 input ports. All port lines are bit-addressable, and all input/output lines can be
individually (bit-wise) configured via port control registers. This configuration selects the
direction (input/output), push/pull or open-drain operation, activation of pull devices, and
edge characteristics (shape) and driver characteristics (output current) of the port
drivers. The I/O ports are true bidirectional ports which are switched to high impedance
state when configured as inputs. During the internal reset, all port pins are configured as
inputs without pull devices active.
All port lines have alternate input or output functions associated with them. These
alternate functions can be programmed to be assigned to various port pins to support the
best utilization for a given application. For this reason, certain functions appear several
times in Table 10.
All port lines that are not used for alternate functions may be used as general purpose
I/O lines.

Table 10 Summary of the XC228xM’s Ports

Port Width I/O Connected Modules
P0 8 I/O EBC (A7…A0),

CCU6, USIC, CAN
P1 8 I/O EBC (A15…A8),

CCU6, USIC
P2 14 I/O EBC (READY, BHE, A23…A16, AD15…AD13, D15…D13),

CAN, CC2, GPT12E, USIC, DAP/JTAG
P3 8 I/O CAN, USIC
P4 8 I/O EBC (CS3…CS0),

CC2, CAN, GPT12E, USIC
P5 16 I Analog Inputs, CCU6, DAP/JTAG, GPT12E, CAN
P6 4 I/O ADC, CAN, GPT12E
P7 5 I/O CAN, GPT12E, SCU, DAP/JTAG, CCU6, ADC, USIC
P8 7 I/O CCU6, DAP/JTAG, USIC
P9 8 I/O CCU6, DAP/JTAG, CAN
P10 16 I/O EBC (ALE, RD, WR, AD12…AD0, D12…D0),

CCU6, USIC, DAP/JTAG, CAN
P11 6 I/O CCU6, USIC, CAN
P15 8 I Analog Inputs, GPT12E
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3.19 Power Management
The XC228xM provides the means to control the power it consumes either at a given
time or averaged over a certain duration.
Three mechanisms can be used (and partly in parallel):
• Supply Voltage Management permits the temporary reduction of the supply voltage

of major parts of the logic or even its complete disconnection. This drastically reduces
the power consumed because it eliminates leakage current, particularly at high
temperature.
Several power reduction modes provide the best balance of power reduction and
wake-up time.

• Clock Generation Management controls the frequency of internal and external
clock signals. Clock signals for currently inactive parts of logic are disabled
automatically. The user can drastically reduce the consumed power by reducing the
XC228xM system clock frequency.
External circuits can be controlled using the programmable frequency output
EXTCLK.

• Peripheral Management permits temporary disabling of peripheral modules. Each
peripheral can be disabled and enabled separately. The CPU can be switched off
while the peripherals can continue to operate.

Wake-up from power reduction modes can be triggered either externally with signals
generated by the external system, or internally by the on-chip wake-up timer. This
supports intermittent operation of the XC228xM by generating cyclic wake-up signals.
Full performance is available to quickly react to action requests while the intermittent
sleep phases greatly reduce the average system power consumption.
Note: When selecting the supply voltage and the clock source and generation method,

the required parameters must be carefully written to the respective bitfields, to
avoid unintended intermediate states. Recommended sequences are provided
which ensure the intended operation of power supply system and clock system.
Please refer to the Programmer’s Guide.
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3.20 Instruction Set Summary
Table 11 lists the instructions of the XC228xM.
The addressing modes that can be used with a specific instruction, the function of the
instructions, parameters for conditional execution of instructions, and the opcodes for
each instruction can be found in the “Instruction Set Manual”.
This document also provides a detailed description of each instruction.

Table 11 Instruction Set Summary
Mnemonic Description Bytes
ADD(B) Add word (byte) operands 2 / 4
ADDC(B) Add word (byte) operands with Carry 2 / 4
SUB(B) Subtract word (byte) operands 2 / 4
SUBC(B) Subtract word (byte) operands with Carry 2 / 4
MUL(U) (Un)Signed multiply direct GPR by direct GPR

(16- × 16-bit)
2

DIV(U) (Un)Signed divide register MDL by direct GPR (16-/16-bit) 2
DIVL(U) (Un)Signed long divide reg. MD by direct GPR (32-/16-bit) 2
CPL(B) Complement direct word (byte) GPR 2
NEG(B) Negate direct word (byte) GPR 2
AND(B) Bitwise AND, (word/byte operands) 2 / 4
OR(B) Bitwise OR, (word/byte operands) 2 / 4
XOR(B) Bitwise exclusive OR, (word/byte operands) 2 / 4
BCLR/BSET Clear/Set direct bit 2
BMOV(N) Move (negated) direct bit to direct bit 4
BAND/BOR/BXOR AND/OR/XOR direct bit with direct bit 4
BCMP Compare direct bit to direct bit 4
BFLDH/BFLDL Bitwise modify masked high/low byte of bit-addressable 

direct word memory with immediate data
4

CMP(B) Compare word (byte) operands 2 / 4
CMPD1/2 Compare word data to GPR and decrement GPR by 1/2 2 / 4
CMPI1/2 Compare word data to GPR and increment GPR by 1/2 2 / 4
PRIOR Determine number of shift cycles to normalize direct

word GPR and store result in direct word GPR
2

SHL/SHR Shift left/right direct word GPR 2
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ROL/ROR Rotate left/right direct word GPR 2
ASHR Arithmetic (sign bit) shift right direct word GPR 2
MOV(B) Move word (byte) data 2 / 4
MOVBS/Z Move byte operand to word op. with sign/zero extension 2 / 4
JMPA/I/R Jump absolute/indirect/relative if condition is met 4
JMPS Jump absolute to a code segment 4
JB(C) Jump relative if direct bit is set (and clear bit) 4
JNB(S) Jump relative if direct bit is not set (and set bit) 4
CALLA/I/R Call absolute/indirect/relative subroutine if condition is met 4
CALLS Call absolute subroutine in any code segment 4
PCALL Push direct word register onto system stack and call 

absolute subroutine
4

TRAP Call interrupt service routine via immediate trap number 2
PUSH/POP Push/pop direct word register onto/from system stack 2
SCXT Push direct word register onto system stack and update 

register with word operand
4

RET(P) Return from intra-segment subroutine
(and pop direct word register from system stack)

2

RETS Return from inter-segment subroutine 2
RETI Return from interrupt service subroutine 2
SBRK Software Break 2
SRST Software Reset 4
IDLE Enter Idle Mode 4
PWRDN Unused instruction1) 4
SRVWDT Service Watchdog Timer 4
DISWDT/ENWDT Disable/Enable Watchdog Timer 4
EINIT End-of-Initialization Register Lock 4
ATOMIC Begin ATOMIC sequence 2
EXTR Begin EXTended Register sequence 2
EXTP(R) Begin EXTended Page (and Register) sequence 2 / 4
EXTS(R) Begin EXTended Segment (and Register) sequence 2 / 4

Table 11 Instruction Set Summary (cont’d)

Mnemonic Description Bytes
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NOP Null operation 2
CoMUL/CoMAC Multiply (and accumulate) 4
CoADD/CoSUB Add/Subtract 4
Co(A)SHR (Arithmetic) Shift right 4
CoSHL Shift left 4
CoLOAD/STORE Load accumulator/Store MAC register 4
CoCMP Compare 4
CoMAX/MIN Maximum/Minimum 4
CoABS/CoRND Absolute value/Round accumulator 4
CoMOV Data move 4
CoNEG/NOP Negate accumulator/Null operation 4
1) The Enter Power Down Mode instruction is not used in the XC228xM, due to the enhanced power control

scheme. PWRDN will be correctly decoded, but will trigger no action.

Table 11 Instruction Set Summary (cont’d)

Mnemonic Description Bytes
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4 Electrical Parameters
The operating range for the XC228xM is defined by its electrical parameters. For proper
operation the specified limits must be respected when integrating the device in its target
environment.

4.1 General Parameters
These parameters are valid for all subsequent descriptions, unless otherwise noted.

4.1.1 Absolut Maximum Rating Conditions
Stresses above the values listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only. Functional operation of the
device at these or any other conditions above those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for
an extended time may affect device reliability.
During absolute maximum rating overload conditions (VIN > VDDP or VIN < VSS) the
voltage on VDDP pins with respect to ground (VSS) must not exceed the values defined by
the absolute maximum ratings.

Table 12 Absolute Maximum Rating Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Output current on a pin 
when high value is driven

IOH SR -30 − − mA

Output current on a pin 
when low value is driven

IOL SR − − 30 mA

Overload current IOV SR -10 − 10 mA 1)

1) Overload condition occurs if the input voltage VIN is out of the absolute maximum rating range. In this case the
current must be limited to the listed values by design measures.

Absolute sum of overload 
currents

Σ|IOV| 
SR

− − 100 mA 1)

Junction Temperature TJ SR -40 − 150 °C
Storage Temperature TST SR -65 − 150 °C
Digital supply voltage for 
IO pads and voltage 
regulators

VDDPA, 
VDDPB 
SR

-0.5 − 6.0 V

Voltage on any pin with 
respect to ground (Vss)

VIN SR -0.5 − VDDP
+ 0.5

V VIN ≤ VDDP(max)
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4.1.2 Operating Conditions
The following operating conditions must not be exceeded to ensure correct operation of
the XC228xM. All parameters specified in the following sections refer to these operating
conditions, unless otherwise noticed.
Note: Typical parameter values refer to room temperature and nominal supply voltage,

minimum/maximum parameter values also include conditions of
minimum/maximum temperature and minimum/maximum supply voltage.
Additional details are described where applicable.

Table 13 Operating Conditions
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Voltage Regulator Buffer 
Capacitance for DMP_M

CEVRM 
SR

1.0 − 4.7 μF 1)

Voltage Regulator Buffer 
Capacitance for DMP_1

CEVR1 
SR

0.47 − 2.2 μF 1)2)

External Load 
Capacitance

CL SR − 203) − pF pin out 
driver= default
4)

System frequency fSYS SR − − 100 MHz 5)

Overload current for 
analog inputs6)

IOVA SR -2 − 5 mA not subject to 
production test

Overload current for digital 
inputs6)

IOVD SR -5 − 5 mA not subject to 
production test

Overload current coupling 
factor for analog inputs7)

KOVA 
CC

− 2.5 x 
10-4

1.5 x 
10-3

- IOV < 0 mA;
not subject to 
production test

− 1.0 x 
10-6

1.0 x 
10-4

- IOV > 0 mA;
not subject to 
production test

Overload current coupling 
factor for digital I/O pins

KOVD 
CC

− 1.0 x 
10-2

3.0 x 
10-2

IOV < 0 mA;
not subject to 
production test

− 1.0 x 
10-4

5.0 x 
10-3

IOV > 0 mA;
not subject to 
production test
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Absolute sum of overload 
currents

Σ|IOV| 
SR

− − 50 mA not subject to 
production test

Digital core supply voltage 
for domain M8)

VDDIM 
CC

− 1.5 −

Digital core supply voltage 
for domain 18)

VDDI1 
CC

− 1.5 −

Digital supply voltage for 
IO pads and voltage 
regulators

VDDP SR 4.5 − 5.5 V

Digital ground voltage VSS SR − 0 − V
1) To ensure the stability of the voltage regulators the EVRs must be buffered with ceramic capacitors. Separate

buffer capacitors with the recomended values shall be connected as close as possible to each VDDIM and VDDI1
pin to keep the resistance of the board tracks below 2 Ohm. Connect all VDDI1 pins together. The minimum
capacitance value is required for proper operation under all conditions (e.g. temperature). Higher values
slightly increase the startup time.

2) Use one Capacitor for each pin.
3) This is the reference load. For bigger capacitive loads, use the derating factors listed in the PAD properties

section.
4) The timing is valid for pin drivers operating in default current mode (selected after reset). Reducing the output

current may lead to increased delays or reduced driving capability (CL).
5) The operating frequency range may be reduced for specific device types. This is indicated in the device

designation (...FxxL). 80 MHz devices are marked ...F80L.
6) Overload conditions occur if the standard operating conditions are exceeded, i.e. the voltage on any pin

exceeds the specified range: VOV > VIHmax (IOV > 0) or VOV < VILmin ((IOV < 0). The absolute sum of input
overload currents on all pins may not exceed 50 mA. The supply voltages must remain within the specified
limits. Proper operation under overload conditions depends on the application. Overload conditions must not
occur on pin XTAL1 (powered by VDDIM).

7) An overload current (IOV) through a pin injects a certain error current (IINJ) into the adjacent pins. This error
current adds to the respective pins leakage current (IOZ). The amount of error current depends on the overload
current and is defined by the overload coupling factor KOV. The polarity of the injected error current is inverse
compared to the polarity of the overload current that produces it.The total current through a pin is |ITOT| = |IOZ|
+ (|IOV|  KOV). The additional error current may distort the input voltage on analog inputs.

8) Value is controlled by on-chip regulator

Table 13 Operating Conditions (cont’d)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.
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4.1.3 Pad Timing Definition
If not otherwise noted, all timing parameters are tested and are valid for the
corresponding output pins operating in strong driver, fast edge mode.
See also “Pad Properties” on Page 118.

4.1.4 Parameter Interpretation
The parameters listed in the following include both the characteristics of the XC228xM
and its demands on the system. To aid in correctly interpreting the parameters when
evaluating them for a design, they are marked accordingly in the column “Symbol”:
CC (Controller Characteristics):
The logic of the XC228xM provides signals with the specified characteristics.
SR (System Requirement):
The external system must provide signals with the specified characteristics to the
XC228xM.
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4.2 DC Parameters
These parameters are static or average values that may be exceeded during switching
transitions (e.g. output current).
Leakage current is strongly dependent on the operating temperature and the voltage
level at the respective pin. The maximum values in the following tables apply under worst
case conditions, i.e. maximum temperature and an input level equal to the supply
voltage.
The value for the leakage current in an application can be determined by using the
respective leakage derating formula (see tables) with values from that application.
The pads of the XC228xM are designed to operate in various driver modes. The DC
parameter specifications refer to the pad current limits specified in Section 4.6.4.

Supply Voltage Restrictions
The XC228xM can operate within a wide supply voltage range from 3.0 V to 5.5 V.
However, during operation this supply voltage must remain within 10 percent of the
selected nominal supply voltage. It cannot vary across the full operating voltage range.
Because of the supply voltage restriction and because electrical behavior depends on
the supply voltage, the parameters are specified separately for the upper and the lower
voltage range.
During operation, the supply voltages may only change with a maximum speed of
dV/dt < 1 V/ms.
During power-on sequences, the supply voltages may only change with a maximum
speed of dV/dt < 5 V/μs, i.e. the target supply voltage may be reached earliest after
approx. 1 μs.
Note: To limit the speed of supply voltage changes, the employment of external buffer

capacitors at pins VDDPA/VDDPB is recommended.
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Pullup/Pulldown Device Behavior
Most pins of the XC228xM feature pullup or pulldown devices. For some special pins
these are fixed; for the port pins they can be selected by the application.
The specified current values indicate how to load the respective pin depending on the
intended signal level. Figure 13 shows the current paths.
The shaded resistors shown in the figure may be required to compensate system pull
currents that do not match the given limit values.

Figure 13 Pullup/Pulldown Current Definition
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4.2.1 DC Parameters
Keeping signal levels within the limits specified in this table ensures operation without
overload conditions. For signal levels outside these specifications, also refer to the
specification of the overload current IOV.
Note: Operating Conditions apply.

Table 14  is valid under the following conditions:
VDDP ≥ 4.5 V; VDDPtyp = 5 V; VDDP ≤ 5.5 V

Table 14 DC Characteristics for Upper Voltage Range
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Pin capacitance (digital 
inputs/outputs). To be 
doubled for double bond 
pins.1)

CIO CC − − 10 pF not subject to 
production test

Input Hysteresis2) HYS CC 0.11 x 
VDDP

− − V RS = 0 Ohm

Absolute input leakage 
current on pins of analog 
ports3)

|IOZ1| 
CC

− 10 200 nA VIN > 0 V;
VIN < VDDP

Absolute input leakage 
current for all other pins. 
To be doubled for double 
bond pins.3)1)4)

|IOZ2| 
CC

− 0.2 5 μA TJ ≤ 110 °C;
VIN < VDDP;
VIN > VSS

− 0.2 15 μA TJ≤ 150 °C;
VIN < VDDP;
VIN > VSS

Pull Level Force Current5) |IPLF| SR 250 − − μA 6)

Pull Level Keep Current7) |IPLK| 
SR

− − 30 μA 6)

Input high voltage
(all except XTAL1)

VIH SR 0.7 x 
VDDP

− VDDP
+ 0.3

V

Input low voltage
(all except XTAL1)

VIL SR -0.3 − 0.3 x 
VDDP

V

Output High voltage8) VOH CC VDDP
- 1.0

− − V IOH ≥ IOHmax

VDDP
- 0.4

− − V IOH ≥ IOHnom
9)
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Output Low Voltage8) VOL CC − − 1.0 V IOL ≤ IOLmax

− − 0.4 V IOL ≤ IOLnom
9)

1) Because each double bond pin is connected to two pads (standard pad and high-speed pad), it has twice the
normal value. For a list of affected pins refer to the pin definitions table in chapter 2.

2) Not subject to production test - verified by design/characterization. Hysteresis is implemented to avoid
metastable states and switching due to internal ground bounce. It cannot suppress switching due to external
system noise under all conditions.

3) If the input voltage exceeds the respective supply voltage due to ground bouncing (VIN < VSS) or supply ripple
(VIN > VDDP), a certain amount of current may flow through the protection diodes. This current adds to the
leakage current. An additional error current (IINJ) will flow if an overload current flows through an adjacent pin.
Please refer to the definition of the overload coupling factor KOV.

4) The given values are worst-case values. In production test, this leakage current is only tested at 125 °C; other
values are ensured by correlation. For derating, please refer to the following descriptions: Leakage derating
depending on temperature (TJ = junction temperature [°C]): IOZ = 0.05 x e(1.5 + 0.028 x TJ>) [μA]. For example, at
a temperature of 95 °C the resulting leakage current is 3.2 μA. Leakage derating depending on voltage level
(DV = VDDP - VPIN [V]): IOZ = IOZtempmax - (1.6 x DV) (μA]. This voltage derating formula is an approximation
which applies for maximum temperature.

5) Drive the indicated minimum current through this pin to change the default pin level driven by the enabled pull
device: VPIN ≤ VILmax for a pullup; VPIN ≥ VIHmin for a pulldown.

6) These values apply to the fixed pull-devices in dedicated pins and to the user-selectable pull-devices in
general purpose IO pins.

7) Limit the current through this pin to the indicated value so that the enabled pull device can keep the default
pin level: VPIN ≥ VIHmin for a pullup; VPIN ≤ VILmax for a pulldown.

8) The maximum deliverable output current of a port driver depends on the selected output driver mode. This
specification is not valid for outputs which are switched to open drain mode. In this case the respective output
will float and the voltage is determined by the external circuit.

9) As a rule, with decreasing output current the output levels approach the respective supply level (VOL->VSS,
VOH->VDDP). However, only the levels for nominal output currents are verified.

Table 14 DC Characteristics for Upper Voltage Range (cont’d)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.



XC2287M, XC2286M, XC2285M
XC2000 Family / Base Line

Electrical Parameters 

Data Sheet 93 V2.12, 2015-02
 

4.2.2 DC Parameters for Lower Voltage Area
Keeping signal levels within the limits specified in this table ensures operation without
overload conditions. For signal levels outside these specifications, also refer to the
specification of the overload current IOV.
Note: Operating Conditions apply.

Table 15  is valid under the following conditions:
VDDP ≥ 3.0 V; VDDPtyp = 3.3 V; VDDP ≤ 4.5 V

Table 15 DC Characteristics for Lower Voltage Range
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Pin capacitance (digital 
inputs/outputs). To be 
doubled for double bond 
pins.1)

CIO CC − − 10 pF not subject to 
production test

Input Hysteresis2) HYS CC 0.07 x 
VDDP

− − V RS = 0 Ohm

Absolute input leakage 
current on pins of analog 
ports3)

|IOZ1| 
CC

− 10 200 nA VIN > VSS;
VIN < VDDP

Absolute input leakage 
current for all other pins. 
To be doubled for double 
bond pins.3)1)4)

|IOZ2| 
CC

− 0.2 2.5 μA TJ ≤ 110 °C;
VIN < VDDP;
VIN > VSS

− 0.2 8 μA TJ ≤ 150 °C;
VIN < VDDP;
VIN > VSS

Pull Level Force Current5) |IPLF| SR 150 − − 6)

Pull Level Keep Current7) |IPLK| 
SR

− − 10 μA 6)

Input high voltage
(all except XTAL1)

VIH SR 0.7 x 
VDDP

− VDDP
+ 0.3

V

Input low voltage
(all except XTAL1)

VIL SR -0.3 − 0.3 x 
VDDP

V

Output High voltage8) VOH CC VDDP
- 1.0

− − V IOH ≥ IOHmax

VDDP
- 0.4

− − V IOH ≥ IOHnom
9)
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Output Low Voltage8) VOL CC − − 1.0 V IOL ≤ IOLmax

− − 0.4 V IOL ≤ IOLnom
10)

1) Because each double bond pin is connected to two pads (standard pad and high-speed pad), it has twice the
normal value. For a list of affected pins refer to the pin definitions table in chapter 2.

2) Not subject to production test - verified by design/characterization. Hysteresis is implemented to avoid
metastable states and switching due to internal ground bounce. It cannot suppress switching due to external
system noise under all conditions.

3) If the input voltage exceeds the respective supply voltage due to ground bouncing (VIN < VSS) or supply ripple
(VIN > VDDP), a certain amount of current may flow through the protection diodes. This current adds to the
leakage current. An additional error current (IINJ) will flow if an overload current flows through an adjacent pin.
Please refer to the definition of the overload coupling factor KOV.

4) The given values are worst-case values. In production test, this leakage current is only tested at 125 °C; other
values are ensured by correlation. For derating, please refer to the following descriptions: Leakage derating
depending on temperature (TJ = junction temperature [°C]): IOZ = 0.05 x e(1.5 + 0.028 x TJ>) [μA]. For example, at
a temperature of 95 °C the resulting leakage current is 3.2 μA. Leakage derating depending on voltage level
(DV = VDDP - VPIN [V]): IOZ = IOZtempmax - (1.6 x DV) (μA]. This voltage derating formula is an approximation
which applies for maximum temperature.

5) Drive the indicated minimum current through this pin to change the default pin level driven by the enabled pull
device: VPIN <= VIL for a pullup; VPIN >= VIH for a pulldown.

6) These values apply to the fixed pull-devices in dedicated pins and to the user-selectable pull-devices in
general purpose IO pins.

7) Limit the current through this pin to the indicated value so that the enabled pull device can keep the default
pin level: VPIN >= VIH for a pullup; VPIN <= VIL for a pulldown.

8) The maximum deliverable output current of a port driver depends on the selected output driver mode. This
specification is not valid for outputs which are switched to open drain mode. In this case the respective output
will float and the voltage is determined by the external circuit.

9) As a rule, with decreasing output current the output levels approach the respective supply level (VOL->VSS,
VOH->VDDP). However, only the levels for nominal output currents are verified.

10) As a rule, with decreasing output current the output levels approach the respective supply level (VOL->VSS,
VOH->VDDP). However, only the levels for nominal output currents are verified.

Table 15 DC Characteristics for Lower Voltage Range (cont’d)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.
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4.2.3 Power Consumption
The power consumed by the XC228xM depends on several factors such as supply
voltage, operating frequency, active circuits, and operating temperature. The power
consumption specified here consists of two components:
• The switching current IS depends on the device activity
• The leakage current ILK depends on the device temperature
To determine the actual power consumption, always both components, switching current
IS and leakage current ILK must be added:
IDDP = IS + ILK.
Note: The power consumption values are not subject to production test. They are

verified by design/characterization.
To determine the total power consumption for dimensioning the external power
supply, also the pad driver currents must be considered.

The given power consumption parameters and their values refer to specific operating
conditions:
• Active mode:

Regular operation, i.e. peripherals are active, code execution out of Flash.
• Stopover mode:

Crystal oscillator and PLL stopped, Flash switched off, clock in domain DMP_1
stopped.

• Standby mode:
Voltage domain DMP_1 switched off completely, power supply control switched off.

Note: The maximum values cover the complete specified operating range of all
manufactured devices.
The typical values refer to average devices under typical conditions, such as
nominal supply voltage, room temperature, application-oriented activity.
After a power reset, the decoupling capacitors for VDDIM and VDDI1 are charged with
the maximum possible current.

For additional information, please refer to Section 5.2, Thermal Considerations.
Note: Operating Conditions apply.
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Active Mode Power Supply Current
The actual power supply current in active mode not only depends on the system
frequency but also on the configuration of the XC228xM’s subsystem.
Besides the power consumed by the device logic the power supply pins also provide the
current that flows through the pin output drivers.
A small current is consumed because the drivers’ input stages are switched.
The IO power domains can be supplied separately. Power domain A (VDDPA) supplies the
A/D converters and Port 6. Power domain B (VDDPB) supplies the on-chip EVVRs and all
other ports.
During operation domain A draws a maximum current of 1.5 mA for each active A/D
converter module from VDDPA.
In Fast Startup Mode (with the Flash modules deactivated), the typical current is reduced
to (3 + 0.6×fSYS) mA.

Table 16 Switching Power Consumption
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Power supply current 
(active) with all peripherals 
active and EVVRs on

ISACT 
CC

− 10 + 
0.6 x 
fSYS

1)

1) fSYS in MHz.

10 + 
1.0 x 
fSYS

1)

mA 2)3)

2) The pad supply voltage pins (VDDPB) provide the input current for the on-chip EVVRs and the current
consumed by the pin output drivers. A small current is consumed because the drivers input stages are
switched.
In Fast Startup Mode (with the Flash modules deactivated), the typical current is reduced to 3 + 0.6 x fSYS.

3) Please consider the additional conditions described in section "Active Mode Power Supply Current".

Power supply current in 
standby mode4)

4) These values are valid if the voltage validation circuits for VDDPB (SWD) and VDDIM (PVC_M) are off. Leaving
SWD and PVC_M active adds another 90 μA.

ISSB CC − 100 250 μA Upper voltage 
range

− 70 150 μA Lower voltage 
range

Power supply current in 
stopover mode, EVVRs on

ISSO CC − 0.7 2.0 mA
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Figure 14 Supply Current in Active Mode as a Function of Frequency

Note: Operating Conditions apply.

MC_XC2XM_IS

fSYS [MHz]

IS [mA]

10

20

40

20 40 8060

50

60

70

90

100

ISACTtyp

ISACTmax

30

80



XC2287M, XC2286M, XC2285M
XC2000 Family / Base Line

Electrical Parameters 

Data Sheet 98 V2.12, 2015-02
 

Note: A fraction of the leakage current flows through domain DMP_A (pin VDDPA). This
current can be calculated as 7 000 × e-α, with α = 5 000 / (273 + 1.3×TJ).
For TJ = 150°C, this results in a current of 160 μA.

The leakage power consumption can be calculated according to the following formulas:
ILK0 = 500 000 × e-α, with α = 3 000 / (273 + B×TJ)
Parameter B must be replaced by
• 1.0 for typical values
• 1.6 for maximum values
ILK1 = 600 000 × e-α, with α = 5 000 / (273 + B×TJ)
Parameter B must be replaced by
• 1.0 for typical values
• 1.3 for maximum values

Table 17 Leakage Power Consumption
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Leakage supply current 
(DMP_1 powered)1)

1) All inputs (including pins configured as inputs) are set at 0 V to 0.1 V or at VDDP - 0.1 V to VDDP and all outputs
(including pins configured as outputs) are disconnected.

ILK1 CC − 0.03 0.05 mA TJ= 25 °C1)

− 0.5 1.3 mA TJ= 85 °C1)

− 2.1 6.2 mA TJ= 125 °C1)

− 4.4 13.7 mA TJ= 150 °C1)

Leakage supply current 
(DMP_1 off)2)

2) The supply current caused by leakage depends mainly on the junction temperature and the supply voltage.
The temperature difference between the junction temperature TJ and the ambient temperature TA must be
taken into account. As this fraction of the supply current does not depend on device activity, it must be added
to other power consumption values.

ILK0 CC − 20 35 μA TJ= 25 °C2)

− 115 330 μA TJ= 85 °C2)

− 270 880 μA TJ= 125 °C2)

− 420 1 450 μA TJ= 150 °C2)
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Figure 15 Leakage Supply Current as a Function of Temperature
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4.3 Analog/Digital Converter Parameters
These parameters describe the conditions for optimum ADC performance.
Note: Operating Conditions apply.

Table 18 ADC Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Switched capacitance at 
an analog input

CAINSW 
CC

− 4 5 pF not subject to 
production 
test1)

Total capacitance at an 
analog input

CAINT 
CC

− 10 12 pF not subject to 
production 
test1)

Switched capacitance at 
the reference input

CAREFSW 
CC

− 7 9 pF not subject to 
production 
test1)

Total capacitance at the 
reference input

CAREFT 
CC

− 13 15 pF not subject to 
production 
test1)

Differential Non-Linearity 
Error

|EADNL| 
CC

− 0.8 1.0 LSB not subject to 
production test

Gain Error |EAGAIN| 
CC

− 0.4 0.8 LSB not subject to 
production test

Integral Non-Linearity |EAINL| 
CC

− 0.8 1.2 LSB not subject to 
production test

Offset Error |EAOFF| 
CC

− 0.5 0.8 LSB not subject to 
production test

Analog clock frequency fADCI SR 0.5 − 20 MHz Upper voltage 
range

0.5 − 16.5 MHz Lower voltage 
range

Input resistance of the 
selected analog channel

RAIN CC − − 2 kOh
m

not subject to 
production 
test1)

Input resistance of the 
reference input

RAREF 
CC

− − 2 kOh
m

not subject to 
production 
test1)


