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Introduction

1 Introduction

The XC886/888 is a member of the high-performance XC800 family of 8-bit
microcontrollers. It is based on the XC800 Core that is compatible with the industry
standard 8051 processor. Furthermore, the XC886/888 is a superset of the Infineon
XC866 8-bit microcontroller, thus offering an easy upgrade path for XC866 users.

The XC886/888 features both a CAN controller and LIN support integrated on a single
chip to provide advance networking capabilities. The on-chip CAN module reduces the
CPU load by performing most of the functions required by the networking protocol
(masking, filtering and buffering of CAN frames).

The XC886/888 is equipped with either embedded Flash memory to offer high flexibility
in development and ramp-up, or compatible ROM versions to provide cost-saving
potential in high-volume production. The XC886/888 memory protection strategy
features read-out protection of user intellectual property (IP), along with Flash program
and erase protection to prevent data corruption.

The multi-bank Flash architecture supports In-Application Programming (IAP), allowing
user program to modify Flash contents during program execution. In-System
Programming (ISP) is available through the Boot ROM-based BootStrap Loader (BSL),
enabling convenient programming and erasing of the embedded Flash via an external
host (e.g., personal computer).

Other key features include a Capture/Compare Unit 6 (CCUG) for the generation of pulse
width modulated signal with special modes for motor control; a 10-bit Analog-to-Digital
Converter (ADC) with extended functionalities such as autoscan and result accumulation
for anti-aliasing filtering or for averaging; a Multiplication/Division Unit (MDU) to support
the XC800 Core in math-intensive real-time control applications; a CORDIC (COrdinate
Rotation Dlgital Computer) Coprocessor for high-speed computation of trigonometric,
linear or hyperbolic functions; and an On-Chip Debug Support (OCDS) unit for software
development and debugging of XC800-based systems.

The XC886/888 also features an on-chip oscillator and an integrated voltage regulator
to allow a single voltage supply of 3.3 or 5.0 V. For low power applications, various power
saving modes are available for selection by the user. Control of the numerous on-chip
peripheral functionalities is achieved by extending the Special Function Register (SFR)
address range with an intelligent paging mechanism optimized for interrupt handling.
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Figure 1-1 shows the functional units of the XC886/888.
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Flash or ROM" . o
24K/32K x 8 On-Chip Debug Support| 8-bit Digital I/O
Boot ROM Capture/Compare Unit o
12K x 8 16-bit 8-bit Digital I/O
Xc8oo Core |- ————— — — —
XRAM Compare Unit 8-bit Digital/
1.5K x 8 16-bit Analog Input
RAM Timer0 | Timer1 | Timer2 | Watchdog| APC
256x8 | 16-bit 16-bit 16-bit Timer 10-bit 8-bit Digital /0
8-channel
MDU | CORDIC | MulicAN | TMer2T | yaRTf Port 5 8-bit Digital /0
D Improved functionality in comparison to the XC866 @
1) All ROM devices come with an additional 4K x 8 Flash 1t Didital VO

Figure 1-1  XC886/888 Functional Units

The XC886/888 product family features devices with different configurations, program
memory sizes, package options, temperature and quality profiles (Automotive or
Industrial), to offer cost-effective solutions for different application requirements.

The list of XC886/888 device configurations are summarized in Table 1-1. For each

configuration, 2 types of packages are available:

+ TQFP-48, which is denoted by XC886 and;

+ TQFP-64, which is denoted by XC888.

Table 1-1 Device Configuration
Device Name CAN LIN BSL MDU
Module Support Module
XC886/888 No No No
XC886/888C Yes No No
XC886/888CM Yes No Yes
XC886/888LM No Yes Yes
XC886/888CLM Yes Yes Yes
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Note: For variants with LIN BSL support, only LIN BSL is available regardless of the
availability of the CAN module and UART BSL.

From these 10 different combinations of configuration and package type, each are
further made available in many sales types, which are grouped according to device type,
program memory sizes, power supply voltage, temperature and quality profile
(Automotive or Industrial), as shown in Table 1-2.

Introduction

Table 1-2 Device Profile
Sales Type Device | Program |Power |Temp- Quality
Type |Memory |Supply |erature Profile
(Kbytes) | (V) (°C)
SAA-XC886*-8FFA 5V Flash |32 5.0 -40 to 140 | Automotive
SAA-XC886*-6FFA 5V Flash |24 5.0 -40 to 140 | Automotive
SAK-XC886*/888*-8FFA 5V |Flash |32 5.0 -40 to 125 | Automotive
SAK-XC886*/888*-6FFA 5V |Flash |24 5.0 -40 to 125 | Automotive
SAF-XC886*/888*-8FFA 5V |Flash |32 5.0 -40 to 85 Automotive
SAF-XC886*/888*-6FFA 5V |Flash |24 5.0 -40 to 85 Automotive
SAF-XC886*/888*-8FFI 5V  |Flash |32 5.0 -40 to 85 Industrial
SAF-XC886*/888*-6FFI 5V |Flash |24 5.0 -40 to 85 Industrial
SAK-XC886*/888*-8FFA 3V3 | Flash |32 3.3 -40 to 125 | Automotive
SAK-XC886*/888*-6FFA 3V3 | Flash |24 3.3 -40to 125 | Automotive
SAF-XC886*/888*-8FFA 3V3 | Flash |32 3.3 -40 to 85 Automotive
SAF-XC886*/888*-6FFA 3V3 | Flash |24 3.3 -40 to 85 Automotive
SAF-XC886*/888*-8FFI1 3V3 |Flash |32 3.3 -40 to 85 Industrial
SAF-XC886*/888*-6FFI 3V3 |Flash |24 3.3 -40 to 85 Industrial

Note: The asterisk (*) above denotes the device configuration letters from Table 1-1.
Corresponding ROM derivatives will be available on request.

The term “XC886/888” in this document refers to all devices of the XC886/888 family
unless stated otherwise.
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1.1 Feature Summary

The following list summarizes the main features of the XC886/888:

* High-performance XC800 Core
— compatible with standard 8051 processor
— two clocks per machine cycle architecture (for memory access without wait state)
— two data pointers
* On-chip memory
— 12 Kbytes of Boot ROM
— 256 bytes of RAM
— 1.5 Kbytes of XRAM
— 24/32 Kbytes of Flash; or
24/32 Kbytes of ROM, with additional 4 Kbytes of Flash
(includes memory protection strategy)
* 1/O port supply at 3.3 or 5.0 V and core logic supply at 2.5 V (generated by embedded
voltage regulator)
* Power-on reset generation
* Brownout detection for core logic supply
* On-chip OSC and PLL for clock generation
— PLL loss-of-lock detection
* Power saving modes
— slow-down mode
— idle mode
— power-down mode with wake-up capability via RXD or EXINTO
— clock gating control to each peripheral
* Programmable 16-bit Watchdog Timer (WDT)
» Six ports
— Up to 48 pins as digital 1/0
— 8 pins as digital/analog input
* 8-channel, 10-bit ADC
* Four 16-bit timers
— Timer 0 and Timer 1 (TO and T1)
— Timer 2 and Timer 21 (T2 and T21)
* Multiplication/Division Unit for arithmetic calculation (MDU)
+ Software libraries to support floating point and MDU calculations
« CORDIC Coprocessor for computation of trigonometric, hyperbolic and linear
functions
* MultiCAN with 2 nodes, 32 message objects
» Capture/compare unit for PWM signal generation (CCUG6)
* Two full-duplex serial interfaces (UART and UART1)
* Synchronous serial channel (SSC)
* On-chip debug support
— 1 Kbyte of monitor ROM (part of the 12-Kbyte Boot ROM)
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— 64 bytes of monitor RAM

XC886/888CLM

« PG-TQFP-48 or PG-TQFP-64 pin packages
* Temperature range T:
— SAF (-40 to 85 °C)

— SAK (-40 to 125 °C)

— SAA (-40 to 140 °C)V
The block diagram of the XC886/888 is shown in Figure 1-2.
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XC886/888 -
19Kb Internal Bus -
-Kbyte AN
BootROM" [N/ @ D 5 G K2 Poo-Po7
XC800 Core
256-byte RAM ]
+ N -
64-byte monitor |\ TO&TT) | UART (=5 () Ko P1o-pP17
MBC —» L]
RESET—> K=){ CORDIC | | UART1 () —
Voop V=N
1.5-Kbyte XRAM () ~
Veep (e (o K= pP2o-pP27
Vosr— (0 wou | osse () R
Voo~ 24/32-Kbyte |1 L]
Flash or ROM2 [N~V ® WDT Timer 2 @
VAREF
Clock Generator (] A Vaaro
XTAL1 > (=) ocps || Timer21 (> —
XTAL2 « o 9-?1 _M%ZSC ™
n-chip = (e K K-> P3.0-P3.7
ccus () [TV 8 30-P3
PLL L]
L MultiCAN (> ]
<
(= ;:? (=] K=> P40-P4T
Lo
e (=) K= pso-Ps7
1) Includes 1-Kbyte monitor ROM g
2) The 24/32-Kbyte ROM has an additional 4-Kbyte Flash I
Figure 1-2 XC886/888 Block Diagram

1) The SAA temperature variant is available only in PG-TQFP-48 pin package, with 5.0 V power supply voltage.
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1.2 Pin Configuration

The pin configuration of the XC886, which is based on the PG-TQFP-48 package, is
shown in Figure 1-3, while that of the XC888, which is based on the PG-TQFP-64
package, is shown in Figure 1-4.

FOI\OC’)LOQ'C’)N\—OI\
N O M o AN
SO G W W W W W

HERREEEERREE

36 35 34 33 32 31 30 29 28 27 26 25
P32 | |37 24 | | Vager
P3.3| |38 23 | | Vaeno
P34 | |39 22| |P26
P35 |40 21| |P25
RESET | | 41 20 | |P24
Veep | | 42 - 19 | |P23
Voop| | 43 18 | |Vgepr
MBC | | 44 17 | [ Vpoe
P40 | |45 16 | |P22
P41 |46 15 | |[P21
PO.7 | |47 Q 14 | |P20
P03 | |48 13 | |PO1
10 11 12

Figure 1-3  XC886 Pin Configuration, PG-TQFP-48 Package (top view)
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P32 | |49
P33 | |50
P34 | |51
P35 | |52
RESET [ | 53
VSSP |: 54
VDDPl: 55
NC|[ |56
NC| |57
MBC | |58
P40 | |59
P41 |60
P42 | |61
PO.7 | |62
P03 | |63
P04 | |64

N

& | Pa7
X |Pas
& |Pas
&1 | Paa
2 |Pas
&1 | Pso
d| | P37

2| | P36

XC888

& | P43
& |P1s
& [P
4 |P13
& | P12
& P11
g ]P0
& P27

32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17

:| VAREF
:| VAGND
. |P2s6
. |P25
| |P24
. |P23
:| VSSP
:| VDDP
. |P22
j P2.1
. |P20
_|Po.1
| |ps7
| |P5s6
. |Po2
. |Poo

H
3 .

Note: The pins shaded in blue are not available in the PG-TQFP-48 package.

Figure 1-4 XC888 Pin Configuration, PG-TQFP-64 Package (top view)
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1.3 Pin Definitions and Functions

After reset, all pins are configured as input with one of the following:

* Pull-up device enabled only (PU)
* Pull-down device enabled only (PD)
* High impedance with both pull-up and pull-down devices disabled (Hi-Z)

The functions and default states of the XC886/888 external pins are provided in
Table 1-3.

Table 1-3 Pin Definitions and Functions

Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
PO I/0 Port 0
Port 0 is an 8-bit bidirectional general purpose
I/O port. It can be used as alternate functions
for the JTAG, CCU6, UART, UART1, Timer 2,
Timer 21, MultiCAN and SSC.
P0.0 11/17 Hi-Z |TCK 0 JTAG Clock Input
T12HR _1 CCUG6 Timer 12 Hardware Run
Input
CCo61_1 Input/Output of
Capture/Compare channel 1
CLKOUT_O0 Clock Output
RXDO_1 UART Transmit Data Output
PO0.1 13/21 Hi-Z |TDI O JTAG Serial Data Input
T13HR_1 CCUG6 Timer 13 Hardware Run
Input
RXD_1 UART Receive Data Input
RXDC1_0  MultiCAN Node 1 Receiver Input
COUT61_1 Output of Capture/Compare
channel 1
EXF2_1 Timer 2 External Flag Output
P0.2 12/18 PU CTRAP_2 CCUG6 Trap Input
TDO_O0 JTAG Serial Data Output
TXD_1 UART Transmit Data
Output/Clock Output
TXDC1_0  MultiCAN Node 1 Transmitter
Output
User’s Manual 1-8 V1.3, 2010-02
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P0.3 48/63 Hi-Z |SCK_1 SSC Clock Input/Output
COUT63_1 Output of Capture/Compare
channel 3
RXDO1_0 UART1 Transmit Data Output
P0.4 1/64 Hi-Z |MTSR_1 SSC Master Transmit Output/
Slave Receive Input
CCo62_1 Input/Output of
Capture/Compare channel 2
TXD1_0 UART1 Transmit Data
Output/Clock Output
P0.5 2/1 Hi-Z |MRST 1 SSC Master Receive Input/Slave
Transmit Output
EXINTO_ O External Interrupt Input O
T2EX1_1 Timer 21 External Trigger Input
RXD1_0 UART1 Receive Data Input
COUT62_1 Output of Capture/Compare
channel 2
PO0.6 —/2 PU GPIO
P0.7 47/62 PU CLKOUT_1 Clock Output
User’'s Manual 1-9 V1.3, 2010-02
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P1 I/0 Port 1
Port 1 is an 8-bit bidirectional general purpose
I/O port. It can be used as alternate functions
for the JTAG, CCUG6, UART, Timer O, Timer 1,
Timer 2, Timer 21, MultiCAN and SSC.
P1.0 26/34 PU RXD_0 UART Receive Data Input
T2EX Timer 2 External Trigger Input
RXDCO_0  MultiCAN Node 0 Receiver Input
P1.1 27135 PU EXINT3 External Interrupt Input 3
TO 1 Timer O Input
TDO _1 JTAG Serial Data Output
TXD_0 UART Transmit Data
Output/Clock Output
TXDCO 0  MultiCAN Node 0 Transmitter
Output
P1.2 28/36 PU SCK_0 SSC Clock Input/Output
P1.3 29/37 PU MTSR_O SSC Master Transmit
Output/Slave Receive Input
TXDC1_3  MultiCAN Node 1 Transmitter
Output
P1.4 30/38 PU MRST_O SSC Master Receive Input/
Slave Transmit Output
EXINTO_1  External Interrupt Input O
RXDC1_3  MultiCAN Node 1 Receiver Input
P1.5 31/39 PU CCPOSO0_1 CCUG6 Hall Input 0
EXINTS External Interrupt Input 5
T1 1 Timer 1 Input
EXF2_0 Timer 2 External Flag Output
RXDO_0 UART Transmit Data Output
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P1.6 8/10 PU CCPOS1_1 CCUG6 Hall Input 1
T12HR_0 CCUG6 Timer 12 Hardware Run
Input
EXINT6_0 External Interrupt Input 6
RXDCO_2  MultiCAN Node 0 Receiver Input
T21 1 Timer 21 Input
P1.7 9/11 PU CCPOS2_1 CCUG6 Hall Input 2
T13HR_0 CCUG6 Timer 13 Hardware Run
Input
T2 1 Timer 2 Input
TXDCO_2  MultiCAN Node 0 Transmitter

Output

P1.5 and P1.6 can be used as a software chip
select output for the SSC.
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P2 I Port 2
Port 2 is an 8-bit general purpose input-only
port. It can be used as alternate functions for
the digital inputs of the JTAG and CCUG. It is
also used as the analog inputs for the ADC.
P2.0 14/22 Hi-Z |CCPOS0_0 CCU®6 Hall Input 0
EXINT1_0 External Interrupt Input 1
T12HR_2 CCUG6 Timer 12 Hardware Run
Input
TCK 1 JTAG Clock Input
CCo61_3 Input of Capture/Compare
channel 1
ANO Analog Input 0
P2.1 15/23 Hi-Z |CCPOS1_0 CCUG6 Hall Input 1
EXINT2_0 External Interrupt Input 2
T13HR_2 CCUG6 Timer 13 Hardware Run
Input
TDI_1 JTAG Serial Data Input
CCo62_3 Input of Capture/Compare
channel 2
AN1 Analog Input 1
P2.2 16/24 Hi-Z |CCPOS2 0 CCUG6 Hall Input 2
CTRAP_1  CCUG6 Trap Input
CCo60_3 Input of Capture/Compare
channel 0
AN2 Analog Input 2
P2.3 19/27 Hi-Z | AN3 Analog Input 3
P2.4 20/28 Hi-Z | AN4 Analog Input 4
P2.5 21/29 Hi-Z | AN5 Analog Input 5
P2.6 22/30 Hi-Z | ANG6 Analog Input 6
P2.7 25/33 Hi-Z | AN7 Analog Input 7
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P3 I/0 Port 3
Port 3 is an 8-bit bidirectional general purpose
I/O port. It can be used as alternate functions
for CCU6, UART1, Timer 21 and MultiCAN.
P3.0 35/43 Hi-Z |CCPOS1_2 CCUG6 Hall Input 1
CCe60_0 Input/Output of
Capture/Compare channel 0
RXDO1_1 UART1 Transmit Data Output
P3.1 36/44 Hi-Z |CCPOS0_2 CCUG6 Hall Input O
CCo61_2 Input/Output of
Capture/Compare channel 1
COUT60_0 Output of Capture/Compare
channel 0
TXD1_1 UART1 Transmit Data
Output/Clock Output
P3.2 37/49 Hi-Z |CCPOS2_2 CCUG6 Hall Input 2
RXDC1_1 MultiCAN Node 1 Receiver Input
RXD1_1 UART1 Receive Data Input
CCo61_0 Input/Output of
Capture/Compare channel 1
P3.3 38/50 Hi-Z |COUT61_0 Output of Capture/Compare
channel 1
TXDC1_1 MultiCAN Node 1 Transmitter
Output
P3.4 39/51 Hi-Z |CC62_0 Input/Output of
Capture/Compare channel 2
RXDCO_1 MultiCAN Node 0 Receiver Input
T2EX1_0 Timer 21 External Trigger Input
P3.5 40/52 Hi-Z |COUT62_0 Output of Capture/Compare
channel 2
EXF21_0 Timer 21 External Flag Output
TXDCO 1 MultiCAN Node 0 Transmitter
Output
P3.6 33/41 PD CTRAP_O0 CCUG6 Trap Input
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Table 1-3 Pin Definitions and Functions (cont'd)

Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P3.7 34/42 Hi-Z |EXINT4 External Interrupt Input 4
COUT63_0 Output of Capture/Compare
channel 3
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
P4 I/0 Port 4
Port 4 is an 8-bit bidirectional general purpose
I/O port. It can be used as alternate functions
for CCUG, Timer 0, Timer 1, Timer 21 and
MultiCAN.
P4.0 45/59 Hi-Z |RXDCO_3  MultiCAN Node 0 Receiver Input
CCo60_1 Output of Capture/Compare
channel O
P4.1 46/60 Hi-Z |TXDCO_3  MultiCAN Node 0 Transmitter
Output
COUT60_1 Output of Capture/Compare
channel O
P4.2 —/61 PU EXINT6_1  External Interrupt Input 6
T21 0 Timer 21 Input
P4.3 32/40 Hi-Z |EXF21_1 Timer 21 External Flag Output
COUT63_2 Output of Capture/Compare
channel 3
P4.4 —/45 Hi-Z |CCPOS0_3 CCU®6 Hall Input 0
T0 0O Timer O Input
CCo61 4 Output of Capture/Compare
channel 1
P4.5 —/46 Hi-Z |CCPOS1_3 CCUG6 Hall Input 1
T1 0 Timer 1 Input
COUT61_2 Output of Capture/Compare
channel 1
P4.6 —147 Hi-Z |CCPOS2_3 CCUG6 Hall Input 2
T2 0 Timer 2 Input
CCo62_2 Output of Capture/Compare
channel 2
P4.7 —/48 Hi-Z |CTRAP_3 CCUG6 Trap Input
COoUT62_2 Output of Capture/Compare

channel 2
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Table 1-3 Pin Definitions and Functions (cont'd)

Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State

P5 I/0 Port 5
Port 5 is an 8-bit bidirectional general purpose
I/O port. It can be used as alternate functions
for UART, UART1 and JTAG.

P5.0 —/8 PU EXINT1_1  External Interrupt Input 1

P5.1 —/9 PU EXINT2_1  External Interrupt Input 2

P5.2 -/12 PU RXD 2 UART Receive Data Input

P5.3 -/13 PU TXD_2 UART Transmit Data

Output/Clock Output

P5.4 -/14 PU RXDO_2 UART Transmit Data Output

P5.5 -/15 PU TDO 2 JTAG Serial Data Output
TXD1 2 UART1 Transmit Data Output/

Clock Output

P5.6 -/19 PU TCK 2 JTAG Clock Input
RXDO1 2 UART1 Transmit Data Output

P5.7 —-/20 PU TDI_2 JTAG Serial Data Input
RXD1_2 UART1 Receive Data Input
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Table 1-3 Pin Definitions and Functions (cont'd)
Symbol | Pin Number | Type | Reset | Function
(TQFP-48/64) State
Voop 7,17, 43/ — — I/0 Port Supply (3.3 or 5.0 V)
7,25, 55 Also used by EVR and analog modules. All
pins must be connected.
Vssp 18, 42/26, 54 |- - /10 Ground
All pins must be connected.
Vobe 6/6 — — Core Supply Monitor (2.5 V)
Vssc 5/5 — - Core Supply Ground
Varer | 24/32 - - ADC Reference Voltage
Vacno | 23/31 - - ADC Reference Ground
XTAL1 4/4 I Hi-Z | External Oscillator Input
(backup for on-chip OSC, normally NC)
XTAL2 |3/3 O Hi-Z | External Oscillator Output
(backup for on-chip OSC, normally NC)
TMS 10/16 I PD Test Mode Select
RESET [41/53 I PU Reset Input
MBC" |44/58 I PU Monitor & BootStrap Loader Control
NC -/56, 57 — — No Connection

1) An external pull-up device in the range of 4.7 kQ to 100 kQ is required to enter user mode. Alternatively MBC
can be tied to high if alternate functions (for debugging) of the pin are not utilized.

1.4

Chip Identification Number

Each device variant of XC886/888 is assigned an unique chip identification number to
allow easy identification of one device variant from the others. The differentiation is
based on the product, variant type and device step information.

Two methods are provided to read a device variant’s chip identification number:

* In-application subroutine, see Chapter 4.8.6;
* Bootstrap loader (BSL) mode A, see Chapter 18.1.2.7 or Chapter 18.1.3.7.
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1.5 Text Conventions

This document uses the following text conventions for named components of the
XC886/888:

Functional units of the XC886/888 are shown in upper case. For example: “The SSC

can be used to communicate with shift registers.”

Pins using negative logic are indicated by an overbar. For example: “A reset input pin

RESET is provided for the hardware reset.”

Bit fields and bits in registers are generally referenced as “Register name.Bit field” or

“Register name.Bit”. Most of the register names contain a module name prefix,

separated by an underscore character “ ” from the actual register name. In the

example of “SSC_CON?”, “SSC” is the module name prefix, and “CON” is the actual

register name).

Variables that are used to represent sets of processing units or registers appear in

mixed-case type. For example, the register name “CC6xR” refers to multiple

“CC6xR” registers with the variable x (x =0, 1, 2). The bounds of the variables are

always specified where the register expression is first used (e.g., “x =0 - 2"), and is

repeated as needed.

The default radix is decimal. Hexadecimal constants have a suffix with the subscript

letter “H” (e.g., COy). Binary constants have a suffix with the subscript letter “B”

(e.g., 11p).

When the extents of register fields, groups of signals, or groups of pins are

collectively named in the body of the document, they are represented as

“‘NAME[A:B]”, which defines a range, from B to A, for the named group. Individual

bits, signals, or pins are represented as “NAME[C]", with the range of the variable C

provided in the text (e.g., CFG[2:0] and TOS[0]).

Units are abbreviated as follows:

— MHz = Megahertz

— us = Microseconds

— kBaud, kbit = 1000 characters/bits per second

— MBaud, Mbit = 1,000,000 characters/bits per second

— Kbyte = 1024 bytes of memory

— Mbyte = 1,048,576 bytes of memory
In general, the k prefix scales a unit by 1000 whereas the K prefix scales a unit by
1024. Hence, the Kbyte unit scales the expression preceding it by 1024. The
kBaud unit scales the expression preceding it by 1000. The M prefix scales by
1,000,000 or 1048576, and p scales by 0.000001. For example, 1 Kbyte is
1024 bytes, 1 Mbyte is 1024 x 1024 bytes, 1 kBaud/kbit are 1000 characters/bits
per second, 1 MBaud/Mbit are 1,000,000 characters/bits per second, and 1 MHz
is 1,000,000 Hz.

Data format quantities are defined as follows:

— Byte = 8-bit quantity
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1.6 Reserved, Undefined and Unimplemented Terminology

In tables where register bit fields are defined, the following conventions are used to
indicate undefined and unimplemented function. Further, types of bits and bit fields are
defined using the abbreviations shown in Table 1-4.

Table 1-4 Bit Function Terminology

Function of Bits

Description

Unimplemented

Register bit fields named “0” indicate unimplemented functions
with the following behavior.

Reading these bit fields returns 0.

Writing to these bit fields has no effect.

These bit fields are reserved. When writing, software should
always set such bit fields to 0 in order to preserve compatibility
with future products. Setting the bit fields to 1 may lead to
unpredictable results.

Undefined

Certain bit combinations in a bit field can be labeled “Reserved”,
indicating that the behavior of the XC886/888 is undefined for
that combination of bits. Setting the register to undefined bit
combinations may lead to unpredictable results. Such bit
combinations are reserved. When writing, software must always
set such bit fields to legal values as provided in the bit field
description tables.

The bit or bit field can be read and written.

The bit or bit field can only be read (read-only).

The bit or bit field can only be written (write-only). Reading
always return 0.

The bit or bit field can also be modified by hardware (such as a
status bit). This attribute can be combined with ‘rw’ or ‘r’ bits to
‘rwh’ and ‘rh’ bits, respectively.

1.7 Acronyms

Table 1-5 lists the acronyms used in this document.

Table 1-5 Acronyms

Acronym Description

ADC Analog-to-Digital Converter
ALU Arithmetic/Logic Unit

BSL BootStrap Loader
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Table 1-5 Acronyms (cont’d)

Introduction

Acronym Description

CAN Controller Area Network
CCU6 Capture/Compare Unit 6
CGuU Clock Generation Unit
CORDIC Cordinate Rotation Digital Computer
CPU Central Processing Unit

ECC Error Correction Code

EVR Embedded Voltage Regulator
FDR Fractional Divider

GPIO General Purpose 1/O

IAP In-Application Programming
I/0 Input/Output

ISP In-System Programming
JTAG Joint Test Action Group

LIN Local Interconnect Network
MDU Multiplication/Division Unit
NMI Non-Maskable Interrupt
OCDS On-Chip Debug Support

PC Program Counter

POR Power-On Reset

PLL Phase-Locked Loop

PSW Program Status Word

PWM Pulse Width Modulation

RAM Random Access Memory
ROM Read-Only Memory

SFR Special Function Register
SPI Serial Peripheral Interface
SSC Synchronous Serial Channel
UART Universal Asynchronous Receiver/Transmitter
WDT Watchdog Timer
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2 Processor Architecture

The XC886/888 is based on a high-performance 8-bit Central Processing Unit (CPU)
that is compatible with the standard 8051 processor. While the standard 8051 processor
is designed around a 12-clock machine cycle, the XC886/888 CPU uses a 2-clock
machine cycle. This allows fast access to ROM or RAM memories without wait state.
Access to the Flash memory, however, requires one wait state (one machine cycle).
See Section 2.3. The instruction set consists of 45% one-byte, 41% two-byte and 14%
three-byte instructions.

The XC886/888 CPU provides a range of debugging features, including basic stop/start,
single-step execution, breakpoint support and read/write access to the data memory,
program memory and Special Function Registers (SFRs).

Features

+ Two clocks per machine cycle architecture (for memory access without wait state)
+ Wait state support for Flash memory

*  Program memory download option

* 15-source, 4-level interrupt controller

* Two data pointers

* Power saving modes

* Dedicated debug mode and debug signals

* Two 16-bit timers (Timer 0 and Timer 1)

* Full-duplex serial port (UART)

21 Functional Description

Figure 2-1 shows the CPU functional blocks. The CPU consists of the instruction
decoder, the arithmetic section, and the program control section. Each program
instruction is decoded by the instruction decoder. This instruction decoder generates
internal signals that control the functions of the individual units within the CPU. The
internal signals have an effect on the source and destination of data transfers and control
the arithmetic/logic unit (ALU) processing.
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Figure 2-1 CPU Block Diagram

The arithmetic section of the processor performs extensive data manipulation and
consists of the ALU, ACC register, B register, and PSW register.

The ALU accepts 8-bit data words from one or two sources, and generates an 8-bit result
under the control of the instruction decoder. The ALU performs both arithmetic and logic
operations. Arithmetic operations include add, subtract, multiply, divide, increment,
decrement, BCD-decimal-add-adjust, and compare. Logic operations include AND, OR,
Exclusive OR, complement, and rotate (right, left, or swap nibble (left four)). Also
included is a Boolean processor performing the bit operations such as set, clear,
complement, jump-if-set, jump-if-not-set, jump-if-set-and-clear, and move to/from carry.
The ALU can perform the bit operations of logical AND or logical OR between any
addressable bit (or its complement) and the carry flag, and place the new result in the
carry flag.
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The program control section controls the sequence in which the instructions stored in
program memory are executed. The 16-bit Program Counter (PC) holds the address of
the next instruction to be executed. The conditional branch logic enables internal and
external events to the processor to cause a change in the program execution sequence.

2.2 CPU Register Description

The CPU registers occupy direct Internal Data Memory space locations in the range 80,
to FF.

221 Stack Pointer (SP)

The SP register contains the Stack Pointer (SP). The SP is used to load the Program
Counter (PC) into Internal Data Memory during LCALL and ACALL instructions, and to
retrieve the PC from memory during RET and RETI instructions. Data may also be saved
on or retrieved from the stack using PUSH and POP instructions, respectively.
Instructions that use the stack automatically pre-increment or post-decrement the stack
pointer so that the stack pointer always points to the last byte written to the stack, i.e.,
the top of the stack. On reset, the SP is reset to 07,,. This causes the stack to begin at a
location = 08, above register bank zero. The SP can be read or written under software
control.

222 Data Pointer (DPTR)

The Data Pointer (DPTR) is stored in registers DPL (Data Pointer Low byte) and DPH
(Data Pointer High byte) to form 16-bit addresses for External Data Memory accesses
(MOVX A, @DPTR  and MOVX @DPTR,A), for program  byte  moves
(MOVC A,@A+DPTR), and for indirect program jumps (JMP @A+DPTR).

Two true 16-bit operations are allowed on the Data Pointer: load immediate
(MOV DPTR,#data) and increment (INC DPTR).

2.2.3 Accumulator (ACC)

This register provides one of the operands for most ALU operations.

224 B Register

The B register is used during multiply and divide operations to provide the second
operand. For other instructions, it can be treated as another scratch pad register.
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225 Program Status Word

The Program Status Word (PSW) contains several status bits that reflect the current
state of the CPU.

PSW
Program Status Word Register Reset Value: 00,
7 6 5 4 3 2 1 0
cYy AC FO RS1 RSO ov F1 P
rwh rwh rw rw rw rwh rw rh
Field Bits | Type | Description
P 0 rh Parity Flag
Set/cleared by hardware after each instruction to
indicate an odd/even number of “one” bits in the
accumulator, i.e., even parity.
F1 1 rw General Purpose Flag
ov 2 rwh | Overflow Flag
Used by arithmetic instructions
RS1, 4:3 rw Register Bank Select
RSO These bits are used to select one of the four register
banks.
00 Bank O selected, data address 00,,-07,
01  Bank 1 selected, data address 08,,-0OF
10 Bank 2 selected, data address 10,-17
11 Bank 3 selected, data address 18,-1F,
FO 5 rw General Purpose Flag
AC 6 rwh | Auxiliary Carry Flag
Used by instructions that execute BCD operations
cY 7 rwh | Carry Flag
Used by arithmetic instructions
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2.2.6 Extended Operation (EO)

The instruction set includes an additional instruction MOVC @(DPTR++),A which allows
program memory to be written. This instruction may be used to download code into the
program memory when the CPU is initialized and subsequently, also to provide software
updates. The instruction copies the contents of the accumulator to the code memory at
the location pointed to by the current data pointer, and then increments the data pointer.

The instruction uses the opcode A5, which is the same as the software break instruction
TRAP (see Table 2-1). Register bit EO.TRAP_EN is used to select the instruction
executed by the opcode ASH. When TRAP_EN is 0 (default), the A5,, opcode executes
the MOVC instruction. When TRAP_EN is 1, the A5H opcode executes the software
break instruction TRAP, which switches the CPU to debug mode for breakpoint
processing.

EO
Extended Operation Register Reset Value: 00,
7 6 5 4 3 2 1 0
0 TRAP_EN 0 DPSELO
| r | rW | r | rW
Field Bits | Type | Description
DPSELO 0 rw Data Pointer Select
0 DPTRO is selected
1 DPTR1 is selected
TRAP_EN 4 rw TRAP Enable
0 Select MOVC @(DPTR++),A
1 Select software TRAP instruction
0 [3:1], |r Reserved
[7:5] Returns 0 if read; should be written with 0.
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2.2.7 Power Control (PCON)

The CPU has two power-saving modes: idle mode and power-down mode. The idle
mode can be entered via the PCON register. In idle mode, the clock to the CPU is
stopped while the timers, serial port and interrupt controller continue to run using a
half-speed clock. In power-down mode, the clock to the entire CPU is stopped.

PCON
Power Control Register Reset Value: 00,
7 6 5 4 3 2 1 0
SMOD 0 GF1 GFO0 0 IDLE
'w | r | 'w w r 'w
Field Bits | Type | Description
IDLE 0 rw Idle Mode Enable
0 Do not enter idle mode
1 Enter idle mode
GFO 2 rw General Purpose Flag Bit 0
GF1 3 rw General Purpose Flag Bit 1
0 1, r Reserved
[6:4] Returns 0 if read; should be written with O.
23 Instruction Timing

For