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circuits designed to perform specific tasks within larger
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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

2.2 Logic Symbol
The logic symbols of the SAA-XC886 are shown in Figure 3.

Voop Vssp
VAREF
> Port 0 7-Bit
VAGND
) Port18-Bit
RESET ——
XC886 Port 2 8-Bit
MBC ———
™S ——
> Port 3 8-Bit
XTALL ——
XTAL2 —— > Port 4 3-Bit

VDDC VSSC

Figure 3 SAA-XC886 Logic Symbol
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General Device Information

Table 2 Pin Definitions and Functions (cont'd)

Symbol | Pin Number |Type |Reset | Function
State

P3 1/0O Port 3

Port 3 is an 8-bit bidirectional general purpose
I/O port. It can be used as alternate functions
for CCU6, UARTL, Timer 21 and MultiCAN.

P3.0 35 Hi-Z |CCPOS1_2 CCU6 Hall Input 1

CC60_0 Input/Output of
Capture/Compare channel 0

RXDO1 1 UART1 Transmit Data Output

P3.1 36 Hi-Z |CCPOS0_2 CCUS6 Hall InputO

CC61 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 Hi-Z |CCPOS2_2 CCU6 Hall Input 2

RXDC1 1  MultiCAN Node 1 Receiver Input

RXD1_1 UARTL1 Receive Data Input

CC61 0 Input/Output of
Capture/Compare channel 1

P3.3 38 Hi-Z |COUT61_0 Output of Capture/Compare
channel 1
TXDC1 1  MultiCAN Node 1 Transmitter
Output
P3.4 39 Hi-Z | CC62_0 Input/Output of

Capture/Compare channel 2
RXDCO_1  MultiCAN Node 0 Receiver Input
T2EX1_O Timer 21 External Trigger Input

P3.5 40 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 PD CTRAP_O0O CCUG6 Trap Input
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3.2.1
The SAA-XC886 memory protection strategy includes:

Functional Description

Memory Protection Strategy

* Read-out protection: The user is able to protect the contents in the Flash memory
from being read
— Flash protection is enabled by programming a valid password (8-bit non-zero
value) via BSL mode 6.
» Flash program and erase protection.

3.2.1.1

As long as a valid password is available, all external access to the device, including the
Flash, will be blocked.

For additional security, the Flash hardware protection can be enabled to implement a
second layer of read-out protection, as well as to enable program and erase protection.

Flash hardware protection is available only for Flash devices and comes in two modes:

Flash Memory Protection

* Mode 0: Only the P-Flash is protected; the D-Flash is unprotected
* Mode 1: Both the P-Flash and D-Flash are protected

The selection of each protection mode and the restrictions imposed are summarized in
Table 3.

Table 3 Flash Protection Modes

Flash Protection | Without hardware | With hardware protection
protection

Hardware - 0 1

Protection Mode

Activation Program a valid password via BSL mode 6

Selection Bit 4 of password = 0 | Bit 4 of password = 1 | Bit 4 of password = 1
MSB of password = 0 | MSB of password = 1

P-Flash Read instructions in | Read instructions in | Read instructions in

contents can be |any program memory |the P-Flash the P-Flash or D-

read by Flash

External access |Not possible Not possible Not possible

to P-Flash

P-Flash program | Possible Not possible Not possible

and erase

D-Flash Read instructions in | Read instructions in | Read instructions in

contents can be
read by

any program memory

any program memory

the P-Flash or D-
Flash

Data Sheet

18

V1.1, 2010-08



(infineon

Table 3

SAA-XC886CLM

Functional Description

Flash Protection Modes (cont'd)

Flash Protection

Without hardware

With hardware protection

protection
External access |Not possible Not possible Not possible
to D-Flash
D-Flash Possible Possible Not possible
program
D-Flash erase Possible Possible, on Not possible
condition that bit
DFLASHEN in

register MISC_CON
is set to 1 prior to
each erase operation

BSL mode 6, which is used for enabling Flash protection, can also be used for disabling
Flash protection. Here, the programmed password must be provided by the user. A
password match triggers an automatic erase of the protected P-Flash and D-Flash
contents, including the programmed password. The Flash protection is then disabled
upon the next reset.

Although no protection scheme can be considered infallible, the SAA-XC886 memory
protection strategy provides a very high level of protection for a general purpose

microcontroller.

Data Sheet
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Functional

Description

SFR Data
(to/from CPU)

Standard Area (RMAP = 0)

w

A

FF,
Module 1 SFRs
SYSCONO.RMAP Module 2 SFRs
-
Module n SFRs
80,
Mapped Area (RMAP = 1)
FF,
Module (n+1) SFRs
Module (n+2) SFRs
L
Module m SFRs
80,
Direct

Internal Data
Memory Address

Figure 7

Data Sheet
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SAA-XC886CLM

Functional Description

Table 7 SCU Register Overview (cont'd)
Addr | Register Name Bit 7 6 5 4 3 2 1 0
BCH NMISR Reset: 00 | Bit Field 0 FNMI FNMI FNMI FNMI FNMI FNMI FNMI
NMI Status Register ECC VDDP VDD OCDS | FLASH PLL WDT
Type r rwh rwh rwh rwh rwh rwh rwh
BDY BCON Reset: 00 | Bit Field BGSEL 0 BRDIS BRPRE R
Baud Rate Control Register
Type rw r rw w rw
BEY BG Reset: OOH Bit Field BR_VALUE
Baud Rate Timer/Reload
Register Type rwh
E9%H FDCON Reset: 00 | BitField | BGS | SYNE | ERRS | EOFS BRK | NDOV | FDM FDEN
Fractional Divider Control N YN YN
Register
Type w rw rwh rwh rwh rwh rw w
EAH FDSTEP Reset: 00 | Bit Field STEP
Fractional Divider Reload
Register Type w
EBY FDRES Reset: OOH Bit Field RESULT
Fractional Divider Result
Register Type rh
RMAP =0, PAGE 1
B3y ID Reset: UUy | Bit Field PRODID VERID
Identity Register
Type r r
B4y PMCONO Reset: OOH Bit Field 0 WDT | WKRS WK SD PD WS
Power Mode Control Register 0 RST SEL
Type r rwh rwh rw rw rwh rw
BS54 PMCON1 Reset: 00 | Bit Field 0 CDC_ | CAN_ | MDU_ | T2_ | CCU_ | SSC_ | ADC_
Power Mode Control Register 1 DIS DIS DIS DIS DIS DIS DIS
Type r rw w rw w w rw rw
B6 OSC_CON Reset: 08y | Bit Field 0 osC XPD osC ORD | OSCR
OSC Control Register PD SS RES
Type r rw w w rwh rh
B7H PLL_CON Reset: 90H Bit Field NDIV VCO osC RESL | LOCK
PLL Control Register BYP DISC D
Type w w w rwh rh
BAY CMCON Reset: 10H Bit Field VCO KDIV 0 FCCF CLKREL
Clock Control Register SEL G
Type w w r w w
BB PASSWD Reset: O7H Bit Field PASS PROT MODE
Password Register ECT_S
Type wh rh rw
BCH FEAL Reset: OOH Bit Field ECCERRADDR
Flash Error Address Register
Low Type rh
BDH FEAH Reset: 00 | Bit Field ECCERRADDR
Flash Error Address Register
High Type rh
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Functional Description

Table 10 ADC Register Overview (cont'd)
Addr | Register Name Bit 7 6 5 4 3 2 1 0
CDy ADC_LCBR Reset: B7 | BitField BOUND1 BOUNDO
Limit Check Boundary Register
Type w rw
CEn ADC_INPCRO Reset: 00y | BitField STC
Input Class 0 Register
Type w
CFy ADC_ETRCR Reset: 00y Bit Field | SYNE | SYNE ETRSEL1 ETRSELO
External Trigger Control N1 NO
Register
Type w w w rw
RMAP =0, PAGE 1
CAY ADC_CHCTRO  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 0
Type r w w
CBy ADC_CHCTR1  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 1
Type r w w
CCH ADC_CHCTR2  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 2
Type r w w
CDy ADC_CHCTR3  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 3
Type r rw w
CEq ADC_CHCTR4  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 4
Type r w w
CFH ADC_CHCTR5  Reset: 00 | BitField 0 LCC RESRSEL
Channel Control Register 5
Type r w w
D2y ADC_CHCTR6  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 6
Type r w w
D3n ADC_CHCTR7  Reset: 00y | BitField 0 LCC RESRSEL
Channel Control Register 7
Type r w w
RMAP = 0, PAGE 2
CAY ADC_RESROL Reset: 00 | Bit Field RESULT 0 VF DRC CHNR
Result Register 0 Low
Type rh r rh rh rh
CBy ADC_RESROH  Reset: 00 | BitField RESULT
Result Register 0 High
Type rh
CChx ADC_RESRI1L Reset: 00y Bit Field RESULT 0 VF DRC CHNR
Result Register 1 Low
Type rh r rh rh rh
CDy ADC_RESR1H  Reset: 00y | BitField RESULT
Result Register 1 High
Type rh
CEq ADC_RESR2L Reset: 00y | Bit Field RESULT 0 VF DRC CHNR
Result Register 2 Low
Type rh r rh rh rh
CFy ADC_RESR2H Reset: 00y Bit Field RESULT
Result Register 2 High
Type rh
D2y ADC_RESR3L Reset: 00 | Bit Field RESULT 0 VF DRC CHNR
Result Register 3 Low
Type rh r rh rh rh
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Functional Description

3.3 Flash Memory

The Flash memory provides an embedded user-programmable non-volatile memory,
allowing fast and reliable storage of user code and data. Itis operated from a single 2.5V
supply from the Embedded Voltage Regulator (EVR) and does not require additional
programming or erasing voltage. The sectorization of the Flash memory allows each
sector to be erased independently.

Features

* In-System Programming (ISP) via UART

* In-Application Programming (IAP)

» Error Correction Code (ECC) for dynamic correction of single-bit errors
» Background program and erase operations for CPU load minimization
» Support for aborting erase operation

«  Minimum program width® of 32-byte for D-Flash and 64-byte for P-Flash
* 1-sector minimum erase width

» 1-byte read access

* Flash is delivered in erased state (read all zeros)

e Operating supply voltage: 2.5V £7.5 %

+ Read access time: 3 x t ¢ = 125 ns?

+ Program time: 248256 / fg g = 2.6 ms®

+ Erase time: 9807360 / fq,s = 102 ms®

1) P-Flash: 64-byte wordline can only be programmed once, i.e., one gate disturb allowed.
D-Flash: 32-byte wordline can be programmed twice, i.e., two gate disturbs allowed.

2) Values shown here are typical values. f =96 MHz +7.5% (foqix =24 MHz £7.5 %) is the maximum

frequency range for Flash read access.
3) Values shown here are typical values. f, =96 MHz +7.5% is the only frequency range for Flash
programming and erasing. f is used for obtaining the worst case timing.

sys

sysmin
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Functional Description

3.4 Interrupt System

The XC800 Core supports one non-maskable interrupt (NMI) and 14 maskable interrupt
requests. In addition to the standard interrupt functions supported by the core, e.g.,
configurable interrupt priority and interrupt masking, the SAA-XC886 interrupt system
provides extended interrupt support capabilities such as the mapping of each interrupt
vector to several interrupt sources to increase the number of interrupt sources
supported, and additional status registers for detecting and determining the interrupt
source.

341 Interrupt Source

Figure 12 to Figure 16 give a general overview of the interrupt sources and nodes, and
their corresponding control and status flags.

WDT Overflow FNMIWDT O
NMIISR.0 NMIWDT
NMICON.O
PLL Loss of Lock FNMIPLL O
NMIISR.1 NMIPLL
NMICON.1
Flash Operation
Complete 4' FNMIFLASH O
NMIISR.2 NMIFLASH
>=1 *Oo0——)
Non
VDD Pre-Warning FNMIVDD oo 0073 1y | Maskable
Interrupt
NMIISR.4 NMIVDD
NMICON.4
VDDP Pre-Warning FNMIVDDP o)
NMIISR.5 NMIVDDP
NMICON.5
Flash ECC Error FNMIECC O
NMIISR.6 NMIECC
NMICON.6

Figure 12 Non-Maskable Interrupt Request Sources
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Functional Description

Highest!
o/ Lowest
EINT3 ./o EXINTS Priority Leve
O\ IRCONO.3
EXINT3
EXICONO.6/7
EINT4__./0' EXINT4
Q| IRCONO.4 :
0
|
EXINT3 |
EXICONL.0/1 i
: N n
d >21 o oo o | & 5 9
EXINT5 >
EINTS___| g~ O - EXM 0048 |, ’
o\ IRCONO.5 IP1.3/ S
IEN1.3 IPH1.3 e
EXINT q
EXICON1.2/3 "
e
4 c
EINT6 _‘/o_ EXINT6 .
] e
Q| IRCONO.6
EXINT v
EXICON1.4/5
MUltiCAN_3 CANSRC3 T
IRCON2.4 EA I T

) IENO.7
1 Bit-addressable

] Request flag is cleared by hardware

Figure 16 Interrupt Request Sources (Part 4)
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3.4.3 Interrupt Priority

Functional Description

An interrupt that is currently being serviced can only be interrupted by a higher-priority
interrupt, but not by another interrupt of the same or lower priority. Hence, an interrupt of
the highest priority cannot be interrupted by any other interrupt request.

If two or more requests of different priority levels are received simultaneously, the
request of the highest priority is serviced first. If requests of the same priority are
received simultaneously, then an internal polling sequence determines which request is
serviced first. Thus, within each priority level, there is a second priority structure
determined by the polling sequence shown in Table 20.

Table 20 Priority Structure within Interrupt Level
Source Level
Non-Maskable Interrupt (NMI) (highest)
External Interrupt O 1
Timer O Interrupt 2
External Interrupt 1 3
Timer 1 Interrupt 4
UART Interrupt 5
Timer 2,UART Normal Divider Overflow, 6
MultiCAN, LIN Interrupt

ADC, MultiCAN Interrupt

SSC Interrupt

External Interrupt 2, Timer 21, UART1, UART1 9
Normal Divider Overflow, MDU, CORDIC Interrupt
External Interrupt [6:3], MultiCAN Interrupt 10
CCUG Interrupt Node Pointer 0, MultiCAN interrupt | 11
CCUG6 Interrupt Node Pointer 1, MultiCAN Interrupt | 12
CCUBG Interrupt Node Pointer 2, MultiCAN Interrupt | 13
CCUG Interrupt Node Pointer 3, MultiCAN Interrupt | 14

Data Sheet 61
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Functional Description

Figure 18 shows the structure of a bidirectional port pin.

AN
Internal Bus Px_PUDSEL
< Pull-up/Pull-down
Select Register
Px_PUDEN
Pull-up/Pull-down
Enable Register
Px_OD
Open Drain
Control Register
) ) Px_DIR "
Direction Register %
Px_ALTSELO
< P| Alternate Select
Register 0
VDDP
Px_ALTSEL1 pul
< p| Alternate Select [ enable U
Register 1 > Devli:::e
AltDataOut 3 p| 1 enable Output
AltDataOut 2 » 0 FhQriver
AltDataOut1 » o ,| »  Pin
00
Out enable
e o e
Data Register <In |
N Schmitt Trigger
AltDataln
<
enable Pull
Down
Device
.
Pad

Figure 18 General Structure of Bidirectional Port
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Functional Description

3.6 Power Supply System with Embedded Voltage Regulator

The SAA-XC886 microcontroller requires two different levels of power supply:

* 5.0V for the Embedded Voltage Regulator (EVR) and Ports
» 2.5V for the core, memory, on-chip oscillator, and peripherals

Figure 20 shows the SAA-XC886 power supply system. A power supply of 5.0 V must
be provided from the external power supply pin. The 2.5 V power supply for the logic is
generated by the EVR. The EVR helps to reduce the power consumption of the whole
chip and the complexity of the application board design.

The EVR consists of a main voltage regulator and a low power voltage regulator. In
active mode, both voltage regulators are enabled. In power-down mode, the main
voltage regulator is switched off, while the low power voltage regulator continues to
function and provide power supply to the system with low power consumption.

CPU & On-chip | |Peripheral
Memory 0OSC logic
ADC
Vopc(2.5V) FLASH
PLL
Ports EVR
(PO-P5) ﬁ
|
VD DP (5 O\/)
VSSP

Figure 20 SAA-XC886 Power Supply System

EVR Features

* Input voltage (Vppp): 5.0V

* Output voltage (Vppe): 2.5V = 7.5%

* Low power voltage regulator provided in power-down mode
*  Vppe and Vpppe prewarning detection

*  Vppe brownout detection
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3.7.1

SAA-XC886CLM

Module Reset Behavior

Functional Description

Table 21 lists the functions of the SAA-XC886 and the various reset types that affect
these functions. The symbol “W’ signifies that the particular function is reset to its default

state.
Table 21 Effect of Reset on Device Functions
Module/ Wake-Up Watchdog |Hardware |Power-On |Brownout
Function Reset Reset Reset Reset Reset
CPU Core [ | | [ | [ | [ |
Peripherals | | | | |
On-Chip Not affected, | Not affected, | Not affected, | Affected, un- | Affected, un-
Static RAM Reliable Reliable Reliable reliable reliable
Oscillator, [ | Not affected |l [ | [ |
PLL
Port Pins [ | | [ | [ | [ |
EVR The voltage | Not affected |l | |
regulator is
switched on
FLASH [ | [ | [ | [ | [ |
NMI Disabled Disabled [ | [ | |
3.7.2 Booting Scheme

When the SAA-XC886 is reset, it must identify the type of configuration with which to
start the different modes once the reset sequence is complete. Thus, boot configuration
information that is required for activation of special modes and conditions needs to be
applied by the external world through input pins. After power-on reset or hardware reset,
the pins MBC, TMS and PO0.0 collectively select the different boot options. Table 22
shows the available boot options in the SAA-XC886.

Table 22 SAA-XC886 Boot Selection
MBC |TMS |P0.0 |Type of Mode PC Start Value
1 0 X User Mode®); on-chip OSC/PLL non-bypassed | 0000,
X BSL Mode; on-chip OSC/PLL non-bypassed? | 0000,
0 1 0 OCDS Mode; on-chip OSC/PLL non- 0000,
bypassed
1 1 0 User (JTAG) Mode¥; on-chip OSC/PLL non- | 0000,
bypassed (normal)
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Table 24 shows the VCO range for the SAA-XC886.

Functional Description

Table 24 VCO Range

fucomin fucomax fycorreemin fycorrEEmax Unit
150 200 20 80 MHz
100 150 10 80 MHz
3.8.1 Recommended External Oscillator Circuits

The oscillator circuit, a Pierce oscillator, is designed to work with both, an external crystal
oscillator or an external stable clock source. It basically consists of an inverting amplifier
and a feedback element with XTAL1 as input, and XTALZ2 as output.

When using a crystal, a proper external oscillator circuitry must be connected to both
pins, XTAL1 and XTAL2. The crystal frequency can be within the range of 4 MHz
to 12 MHz. Additionally, it is necessary to have two load capacitances C,, and C,,, and
depending on the crystal type, a series resistor Ry, to limit the current. A test resistor R,
may be temporarily inserted to measure the oscillation allowance (negative resistance)
of the oscillator circuitry. Ry, values are typically specified by the crystal vendor. The Cy,
and C,, values shown in Figure 24 can be used as starting points for the negative
resistance evaluation and for non-productive systems. The exact values and related
operating range are dependent on the crystal frequency and have to be determined and
optimized together with the crystal vendor using the negative resistance method.
Oscillation measurement with the final target system is strongly recommended to verify
the input amplitude at XTAL1 and to determine the actual oscillation allowance (margin
negative resistance) for the oscillator-crystal system.

When using an external clock signal, the signal must be connected to XTAL1. XTALZ2 is
left open (unconnected).

The oscillator can also be used in combination with a ceramic resonator. The final
circuitry must also be verified by the resonator vendor. Figure 24 shows the
recommended external oscillator circuitries for both operating modes, external crystal
mode and external input clock mode.
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Functional Description

3.8.2 Clock Management

The CGU generates all clock signals required within the microcontroller from a single
clock, fsys. During normal system operation, the typical frequencies of the different
modules are as follow:

* CPU clock: CCLK, SCLK =24 MHz

» Fast clock (used by MultiCAN): FCLK =24 or 48 MHz

» Peripheral clock: PCLK =24 MHz

* Flash Interface clock: CCLK2 = 48 MHz and CCLK = 24 MHz

In addition, different clock frequencies can be output to pin CLKOUT (P0.0 or P0.7). The
clock output frequency, which is derived from the clock output divider (bit COREL), can
further be divided by 2 using toggle latch (bit TLEN is set to 1). The resulting output
frequency has a 50% duty cycle. Figure 25 shows the clock distribution of the SAA-
XC886.

FCCFG
\
> FCLK
CLKREL | MultiCAN
SD ;/
PCLK
1 < Peripherals
SCLK
fsys= /2 »
fosc 96MHz CCLK CORE
0SC > PLL ———@—>
o—p /2
0 oLk FLASH
| Interface
NP.K COREL >
TLEN
Toggle

v

Latch

—» CLKOUT

COUTS

Figure 25  Clock Generation from fg
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SAA-XC886CLM

3.11 Multiplication/Division Unit

The Multiplication/Division Unit (MDU) provides fast 16-bit multiplication, 16-bit and
32-bit division as well as shift and normalize features. It has been integrated to support
the SAA-XC886 Core in real-time control applications, which require fast mathematical

computations.

Features

» Fast signed/unsigned 16-bit multiplication
» Fast signed/unsigned 32-bit divide by 16-bit and 16-bit divide by 16-bit operations

» 32-bit unsigned normalize operation

» 32-bit arithmetic/logical shift operations

Functional Description

Table 27 specifies the number of clock cycles used for calculation in various operations.

Table 27 MDU Operation Characteristics

Operation Result Remainder No. of Clock Cycles
used for calculation

Signed 32-bit/16-bit 32-bit 16-bit 33

Signed 16-bit/16bit 16-bit 16-bit 17

Signed 16-bit x 16-bit 32-bit - 16

Unsigned 32-bit/16-bit 32-bit 16-bit 32

Unsigned 16-bit/16-bit 16-bit 16-bit 16

Unsigned 16-bit x 16-bit | 32-bit - 16

32-bit normalize - - No. of shifts + 1 (Max. 32)

32-bit shift L/IR - - No. of shifts + 1 (Max. 32)
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Functional Description

PCLK Baud-rate Clock SS_CLK
Generator Control p MS_CLK
Shift
Clock
RIR )
SSC Control Block TH?4’ Receive Int. Request
ontrol Bloc .
Register CON ﬁ} Transmit Int. Request
T iii‘? Error Int. Request
Status Control
—» TXD(Master)
) RXD(Slave)
t Pin
Register TXD(Slave)
¢—RXD(Master)
—— \ﬁ
Transmit Buffer Receive Buffer
Register TB Register RB

h 4
< Internal Bus >

Figure 31 SSC Block Diagram
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Electrical Parameters

4.3 AC Parameters

The electrical characteristics of the AC Parameters are detailed in this section.

4.3.1 Testing Waveforms

The testing waveforms for rise/fall time, output delay and output high impedance are
shown in Figure 39, Figure 40 and Figure 41.

- i | XQA)

10% N__10%

R e

—

DDP

\
Y

Figure 39 Rise/Fall Time Parameters

><VDDE/2 <4—TestPoints ———» VDDEIZX

Figure 40 Testing Waveform, Output Delay

DDP

SS

VLO&d +01V \ Tlmlng / VOH -0.1V

Reference

Vig-04V N\ «— Points 5 [y oy

Figure 41 Testing Waveform, Output High Impedance
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