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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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General Device Information

Table 3 Pin Definitions and Functions P-BGA-176-2 (cont’d)

Symbol | Pin Input | Function

Num. | Outp.

P2 10 Port 2 is a 16-bit bidirectional 1/0 port. It is bit-wise
programmable for input or output via direction bits. For a pin
configured as input, the output driver is put into high-
impedance state. Port 2 outputs can be configured as
push/pull or open drain drivers. The input threshold of Port 2
is selectable (TTL or special).

The following Port 2 pins also serve for alternate functions:

P2.0 F3 I/1O CCOIO CAPCOML1: CCO Capture Inp./Compare Output

P2.1 F2 I/O CC1I0 CAPCOML1: CC1 Capture Inp./Compare Output

pP2.2 F4 I/0 CcC2io CAPCOML1: CC2 Capture Inp./Compare Output

P2.3 G4 I/0 CC3IO CAPCOML1: CC3 Capture Inp./Compare Output
P2.4 G3 I/0 CC410 CAPCOML1: CC4 Capture Inp./Compare Output
P2.5 G2 I/1O CC5IO CAPCOML1: CC5 Capture Inp./Compare Output
P2.6 Gl I/1O CcCoelO CAPCOML1: CC6 Capture Inp./Compare Output
P2.7 H1l I/O0 CC710 CAPCOML1: CC7 Capture Inp./Compare Output
P2.8 H4 I/0 Ccs8Io CAPCOML1: CC8 Capture Inp./Compare Output,
I EXOIN Fast External Interrupt O Input

P2.9 J1 I/0 CCalo CAPCOML1: CC9 Capture Inp./Compare Output,
I EX1IN Fast External Interrupt 1 Input

P2.10 |J2 I/O CC10I0 CAPCOML1: CC10 Capture Inp./Compare Outp.,
I EX2IN Fast External Interrupt 2 Input

P2.11 |J4 I/O CC1110 CAPCOML1: CC11 Capture Inp./Compare Outp.,
I EX3IN Fast External Interrupt 3 Input

P2.12 J3 I/0 CC1210 CAPCOM1: CC12 Capture Inp./Compare Outp.,
I EX4IN Fast External Interrupt 4 Input

P2.13 K1 I/1O CC13I0 CAPCOML1: CC13 Capture Inp./Compare Outp.,

I EXS5IN Fast External Interrupt 5 Input
P2.14 K2 I/0 CC14I10 CAPCOM1: CC14 Capture Inp./Compare Outp.,
I EXGIN Fast External Interrupt 6 Input

P2.15 L1 I/0 CC15I10 CAPCOM1: CC15 Capture Inp./Compare Outp.,
I EX7IN Fast External Interrupt 7 Input,
I T7IN CAPCOM2: Timer T7 Count Input

Varer | B2 — Reference voltage for the A/D converter.

Vaeno | C2 - Reference ground for the A/D converter.
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Functional Description

3 Functional Description

The architecture of the C167CR combines advantages of both RISC and CISC
processors and of advanced peripheral subsystems in a very well-balanced way. In
addition the on-chip memory blocks allow the design of compact systems with maximum
performance.

The following block diagram gives an overview of the different on-chip components and
of the advanced, high bandwidth internal bus structure of the C167CR.

Note: All time specifications refer to a CPU clock of 33 MHz
(see definition in the AC Characteristics section).
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Figure 4 Block Diagram

The program memory, the internal RAM (IRAM) and the set of generic peripherals are
connected to the CPU via separate buses. A fourth bus, the XBUS, connects external
resources as well as additional on-chip resources, the X-Peripherals (see Figure 4).
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Functional Description

3.4 Interrupt System

With an interrupt response time within a range from just 5 to 12 CPU clocks (in case of
internal program execution), the C167CR is capable of reacting very fast to the
occurrence of non-deterministic events.

The architecture of the C167CR supports several mechanisms for fast and flexible
response to service requests that can be generated from various sources internal or
external to the microcontroller. Any of these interrupt requests can be programmed to
being serviced by the Interrupt Controller or by the Peripheral Event Controller (PEC).

In contrast to a standard interrupt service where 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 or the destination pointer. An individual PEC transfer
counter is implicity 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 very
well suited, for example, for supporting the transmission or reception of blocks of data.
The C167CR has 8 PEC channels each of which offers such fast interrupt-driven data
transfer capabilities.

A separate control register which contains an interrupt request flag, an interrupt enable
flag and an interrupt priority bitfield exists for each of the possible interrupt sources. Via
its related register, each source can be programmed to one of sixteen interrupt priority
levels. Once having been accepted by the CPU, an interrupt service can only be
interrupted by a higher prioritized service request. For the standard interrupt processing,
each of the possible interrupt sources has a dedicated vector location.

Fast external interrupt inputs are provided to service external interrupts with high
precision requirements. These fast interrupt inputs feature programmable edge
detection (rising edge, falling edge or both edges).

Software interrupts are supported by means of the “TRAP’ instruction in combination with
an individual trap (interrupt) number.

Table 4 shows all of the possible C167CR interrupt sources and the corresponding
hardware-related interrupt flags, vectors, vector locations and trap (interrupt) numbers.

Note: Interrupt nodes which are not used by associated peripherals, may be used to
generate software controlled interrupt requests by setting the respective interrupt
request bit (XIR).
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Figure 6 CAPCOM Unit Block Diagram

3.6 PWM Module

The Pulse Width Modulation Module can generate up to four PWM output signals using
edge-aligned or center-aligned PWM. In addition the PWM module can generate PWM
burst signals and single shot outputs. The frequency range of the PWM signals covers
4 Hz to 16.5 MHz (referred to a CPU clock of 33 MHz), depending on the resolution of
the PWM output signal. The level of the output signals is selectable and the PWM
module can generate interrupt requests.
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3.9 Serial Channels

Serial communication with other microcontrollers, processors, terminals or external
peripheral components is provided by two serial interfaces with different functionality, an
Asynchronous/Synchronous Serial Channel (ASCO0) and a High-Speed Synchronous
Serial Channel (SSC).

The ASCO is upward compatible with the serial ports of the Infineon 8-bit microcontroller
families and supports full-duplex asynchronous communication at up to
781 kbit/s/1.03 Mbit/s and half-duplex synchronous communication at up to
3.1/4.1 Mbit/s (@ 25/33 MHz CPU clock).

A dedicated baud rate generator allows to set up all standard baud rates without
oscillator tuning. For transmission, reception and error handling 4 separate interrupt
vectors are provided. In asynchronous mode, 8- or 9-bit data frames are transmitted or
received, preceded by a start bit and terminated by one or two stop bits. For
multiprocessor communication, a mechanism to distinguish address from data bytes has
been included (8-bit data plus wake up bit mode).

In synchronous mode, the ASCO transmits or receives bytes (8 bits) synchronously to a
shift clock which is generated by the ASCO. The ASCO always shifts the LSB first. A loop
back option is available for testing purposes.

A number of optional hardware error detection capabilities has been included to increase
the reliability of data transfers. A parity bit can automatically be generated on
transmission or be checked on reception. Framing error detection allows to recognize
data frames with missing stop bits. An overrun error will be generated, if the last
character received has not been read out of the receive buffer register at the time the
reception of a new character is complete.

The SSC supports full-duplex synchronous communication at up to 6.25/8.25 Mbit/s
(@ 25/33 MHz CPU clock). It may be configured so it interfaces with serially linked
peripheral components. A dedicated baud rate generator allows to set up all standard
baud rates without oscillator tuning. For transmission, reception, and error handling three
separate interrupt vectors are provided.

The SSC transmits or receives characters of 2 ... 16 bits length synchronously to a shift
clock which can be generated by the SSC (master mode) or by an external master (slave
mode). The SSC can start shifting with the LSB or with the MSB and allows the selection
of shifting and latching clock edges as well as the clock polarity.

A number of optional hardware error detection capabilities has been included to increase
the reliability of data transfers. Transmit and receive error supervise the correct handling
of the data buffer. Phase and baudrate error detect incorrect serial data.
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3.10 CAN-Module

The integrated CAN-Module handles the completely autonomous transmission and
reception of CAN frames in accordance with the CAN specification V2.0 part B (active),
l.e. the on-chip CAN-Module can receive and transmit standard frames with 11-bit
identifiers as well as extended frames with 29-bit identifiers.

The module provides Full CAN functionality on up to 15 message objects. Message
object 15 may be configured for Basic CAN functionality. Both modes provide separate
masks for acceptance filtering which allows to accept a number of identifiers in Full CAN
mode and also allows to disregard a number of identifiers in Basic CAN mode. All
message objects can be updated independent from the other objects and are equipped
for the maximum message length of 8 bytes.

The bit timing is derived from the XCLK and is programmable up to a data rate of
1 Mbit/s. The CAN-Module uses two pins of Port4 to interface to an external bus
transceiver.

Note: When the CAN interface is to be used the segment address output on Port 4 must
be limited to 4 bits, i.e. A19 ... A16. This is necessary to enable the alternate
function of the CAN interface pins.

3.11 Watchdog Timer

The Watchdog Timer represents 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 a reset of the chip, and can only be
disabled in the time interval until the EINIT (end of initialization) instruction has been
executed. Thus, the chip’s start-up procedure is always monitored. The software has to
be designed to service the Watchdog Timer before it overflows. If, due to hardware or
software related failures, the software fails to do so, the Watchdog Timer overflows and
generates an internal hardware reset and pulls the RSTOUT pin low in order to allow
external hardware components to be reset.

The Watchdog Timer is a 16-bit timer, clocked with the system clock divided either by 2
or by 128. The high byte of the Watchdog Timer register can be 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 high byte of the
Watchdog Timer is reloaded. Thus, time intervals between 15.5 pus and 254 ms can be
monitored (@ 33 MHz).

The default Watchdog Timer interval after reset is 3.97 ms (@ 33 MHz).
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3.15 Special Function Registers Overview

The following table lists all SFRs which are implemented in the C167CR in alphabetical
order.

Bit-addressable SFRs are marked with the letter “b” in column “Name”. SFRs within the
Extended SFR-Space (ESFRs) are marked with the letter “E” in column “Physical
Address”. Registers within on-chip X-peripherals are marked with the letter “X” in column
“Physical Address”.

An SFR can be specified via its individual mnemonic name. Depending on the selected
addressing mode, an SFR can be accessed via its physical address (using the Data
Page Pointers), or via its short 8-bit address (without using the Data Page Pointers).

Note: Registers within device specific interface modules (CAN) are only present in the
corresponding device, of course.

Table 8 C167CR Registers, Ordered by Name
Name Physical |8-Bit | Description Reset
Address | Addr. Value
ADCIC b | FF98, CC, | A/D Converter End of Conversion 0000y
Interrupt Control Register
ADCON b | FFAO, DO, |A/D Converter Control Register 0000,
ADDAT FEAO, 50, | A/D Converter Result Register 0000,
ADDAT?2 FOAO, E |50, |A/D Converter 2 Result Register 0000y
ADDRSEL1 FE18, 0C,, |Address Select Register 1 0000,
ADDRSEL?2 FE1A, OD, |Address Select Register 2 0000,
ADDRSELS3 FE1C, OE, |Address Select Register 3 0000,
ADDRSELA4 FE1E, OF, |Address Select Register 4 0000,
ADEIC b |FFOA, CD,, |A/D Converter Overrun Error Interrupt 00004,
Control Register
BUSCONO b |FFOC, 86, | Bus Configuration Register O 0XXO0y
BUSCON1 b |FF14, 8A, | Bus Configuration Register 1 0000,
BUSCON2 b |FF16, 8B, | Bus Configuration Register 2 0000,
BUSCON3 b |FF18, 8C,, |Bus Configuration Register 3 0000,
BUSCON4 b |FF1A, 8D, | Bus Configuration Register 4 0000,
C1BTR EF04, X|- CANL1 Bit Timing Register Uuuu,
C1CSR EF00, X|- CANL1 Control / Status Register XX01,
C1GMS EF06, X|- CAN1 Global Mask Short UFUU,
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Table 8 C167CR Registers, Ordered by Name (cont'd)
Name Physical |8-Bit | Description Reset
Address | Addr. Value
CCi19IC b |F166, E|B3, |CAPCOM Reg. 19 Interrupt Ctrl. Reg. 0000y
CC1IC b|FF7A, BD, |CAPCOM Reg. 1 Interrupt Ctrl. Reg. 0000
CC2 FE84,, 42,, |CAPCOM Register 2 0000,
CC20 FE68,, 34,, | CAPCOM Register 20 0000,
Ccc20IC b|F168, E|B4, |CAPCOM Reg. 20 Interrupt Ctrl. Reg. 0000,
CC21 FEGA, 35, |CAPCOM Register 21 0000,
CC21iC b|F16A, E|B5,; |CAPCOM Reg. 21 Interrupt Ctrl. Reg. 0000
CC22 FE6C, 36, |CAPCOM Register 22 0000,
cc2z2iC b|F16C, E|B6, |CAPCOM Reg. 22 Interrupt Ctrl. Reg. 0000
CcC23 FEGE,, 37, | CAPCOM Register 23 0000,
ccza3IC b|F16E, E|B7, |CAPCOM Reg. 23 Interrupt Ctrl. Reg. 0000
CC24 FE70, 38, |CAPCOM Register 24 0000,
CcC24iC b |F170, E|B8,; |CAPCOM Reg. 24 Interrupt Ctrl. Reg. 0000,
CC25 FE72, 39, |CAPCOM Register 25 0000,
CC25IC b|F172, E|B9, |CAPCOM Reg. 25 Interrupt Ctrl. Reg. 0000,
CC26 FE74,, 3A, |CAPCOM Register 26 0000,
CC26IC b|F174, E|BA,; |CAPCOM Reg. 26 Interrupt Ctrl. Reg. 0000,
CcC27 FE76, 3B, |CAPCOM Register 27 0000,
CC271C b|F176, E|BB,; |CAPCOM Reg. 27 Interrupt Ctrl. Reg. 0000
CC28 FE78, 3C,; |CAPCOM Register 28 0000,
cczsiC b|F178, E|BC, |CAPCOM Reg. 28 Interrupt Ctrl. Reg. 0000
CC29 FE7A, 3D, |CAPCOM Register 29 0000,
CC29I1C b |F184, E|C2, |CAPCOM Reg. 29 Interrupt Ctrl. Reg. 0000
CccziC b|FF7C, BE, |CAPCOM Reg. 2 Interrupt Ctrl. Reg. 0000,
CC3 FES86,, 43, |CAPCOM Register 3 0000,
CC30 FE7C, 3E, |CAPCOM Register 30 0000,
CC30IC b |F18C, E|C6, |CAPCOM Reg. 30 Interrupt Ctrl. Reg. 0000,
CC31 FETE, 3F, | CAPCOM Register 31 0000,
CC31IC b|F194, E|CA, |CAPCOM Reg. 31 Interrupt Ctrl. Reg. 0000,
CCaIC b | FF7E, BF, |CAPCOM Reg. 3 Interrupt Ctrl. Reg. 0000,
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Table 8 C167CR Registers, Ordered by Name (cont'd)
Name Physical |8-Bit | Description Reset
Address | Addr. Value
T21C b | FF60, BO, |GPT1 Timer 2 Interrupt Control Register | 0000,
T3 FE42, 21, |GPT1 Timer 3 Register 0000,
T3CON b | FF42, Al, |GPT1 Timer 3 Control Register 0000,
T3IC b | FF62, B1l, |GPT1 Timer 3 Interrupt Control Register | 0000,
T4 FE44,, 22, | GPT1 Timer 4 Register 0000,
T4CON b | FF44,, A2, |GPT1 Timer 4 Control Register 0000,
T4IC b | FF64,, B2, |GPT1 Timer 4 Interrupt Control Register | 0000,
T5 FE46,, 23, |GPT2 Timer 5 Register 0000,
T5CON b | FF46,, A3, |GPT2 Timer 5 Control Register 0000,
T5IC b | FF66,, B3, |GPT2 Timer 5 Interrupt Control Register | 0000,
T6 FE48, 24,, | GPT2 Timer 6 Register 0000y
T6CON b | FF48,, A4, |GPT2 Timer 6 Control Register 0000,
T6IC b | FF68,, B4,, |GPT2 Timer 6 Interrupt Control Register | 0000,
T7 FO50, E |28, |CAPCOM Timer 7 Register 0000,
T78CON b |FF20, 90, |CAPCOM Timer 7 and 8 Ctrl. Reg. 0000y
T71C b |F17A, E|BE, |CAPCOM Timer 7 Interrupt Ctrl. Reg. 0000,
T7REL FO054, E|2A; |CAPCOM Timer 7 Reload Register 0000,
T8 F052, E |29, |CAPCOM Timer 8 Register 0000,
T8IC b|F17C, E|BF,; |CAPCOM Timer 8 Interrupt Ctrl. Reg. 0000,
T8REL FO056,, E|2B, |CAPCOM Timer 8 Reload Register 0000,
TFR b | FFAC, D6,, |Trap Flag Register 0000,
WDT FEAE, 57, | Watchdog Timer Register (read only) 0000,
WDTCON FFAE, D7, |Watchdog Timer Control Register 200X Xy,
XPOIC b|F186, E|C3,; |CAN1 Module Interrupt Control Register | 0000,
XP1IC b |F18E, E|C7, |Unassigned Interrupt Control Register 0000,
XP2IC b|F196, E|CB, |Unassigned Interrupt Control Register 0000,
XP3IC b |F19E,, E|CF, |PLL/OWD Interrupt Control Register 0000,
ZEROS b | FF1C, 8E, | Constant Value O’'s Register (read only) 0000,

1) The system configuration is selected during reset.

2) The reset value depends on the indicated reset source.
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