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Welcome to E-XFL.COM

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.

Applications of "Embedded -
Microcontrollers"

Obsolete

C500

8-Bit

20MHz

CANbus, EBI/EMI, UART/USART
POR, PWM, WDT
34

32KB (32K x 8)
OoTP

1.25K x 8

4.25V ~ 5.5V
A/D 8x10b
External

0°C ~ 70°C (TA)
Surface Mount
44-QFP
PG-MQFP-44-2
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Table 2

Pin Definitions and Functions (cont'd)

Symbol Pin Number |1/O
*)

Function

EA 29 I

External Access Enable

When held at high level, instructions are fetched from the
internal program memory when the PC is less than 4000y
(C505(C)(A)-2R) or 8000y, (C505A-4R/C505CA-4R/C505A-
4E/C505CA-4E). When held at low level, the C505 fetches
all instructions from external program memory.

For the C505 romless versions (i.e. C505-L, C505C-L,
C505A-L and C505CA-L) this pin must be tied low.

For the ROM protection version EA pin is latched during
reset.

P0.0-PO.7 37-30 I/10

Port O

is an 8-bit open-drain bidirectional 1/0 port. Port O pins that
have 1's written to them float, and in that state can be used
as high-impendance inputs. Port 0 is also the multiplexed
low-order address and data bus during accesses to external
program or data memory. In this application it uses strong
internal pullup transistors when issuing 1's.

Port 0 also outputs the code bytes during program
verification in the C505 ROM versions. External pullup
resistors are required during program verification.

Reference voltage for the A/D converter.

Reference ground for the A/D converter.

Vss 16 -

Ground (0V)

Vpp 17 -

Power Supply (+5V)

*) 1 =Input
O= Output
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Reset and System Clock

The reset input is an active high input at pin RESET. Since the reset is synchronized internally, the
RESET pin must be held high for at least two machine cycles (12 oscillator periods) while the

oscillator is running. A pulldown resistor is internally connected to Vs to allow a power-up reset with
an external capacitor only. An automatic reset can be obtained when V,;, is applied by connecting
the RESET pin to V,, via a capacitor. Figure 6 shows the possible reset circuitries.

a) b)
C505 C505
Vbb C505C C505C
C505A C505A
. C505CA C505CA
T RESET — RESET
v > ’ >

c)
Vb C505
Vbp C505C
I C505A
+ C505CA
RESET
*>

Figure 6
Reset Circuitries
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Enhanced Hooks Emulation Concept

The Enhanced Hooks Emulation Concept of the C500 microcontroller family is a new, innovative
way to control the execution of C500 MCUs and to gain extensive information on the internal
operation of the controllers. Emulation of on-chip ROM based programs is possible, too.

Each production chip has built-in logic for the supprt of the Enhanced Hooks Emulation Concept.
Therefore, no costly bond-out chips are necessary for emulation. This also ensure that emulation
and production chips are identical.

The Enhanced Hooks Technology™ D, which requires embedded logic in the C500 allows the C500
together with an EH-IC to function similar to a bond-out chip. This simplifies the design and reduces
costs of an ICE-system. ICE-systems using an EH-IC and a compatible C500 are able to emulate
all operating modes of the different versions of the C500 microcontrollers. This includes emulation
of ROM, ROM with code rollover and ROMless modes of operation. It is also able to operate in
single step mode and to read the SFRs after a break.

ICE-System Interface
to Emulation Hardware
/—/%

S —— | —
| I
1 | [Svscon RESET 1« > [RsYsCON :
| PCON EA < > | RPCON EH-IC |
l TCON ALE > [ rTCON '
: PSEN > :
' C500 Enhanced Hooks :
: MCU Port 0 K———» Interface Circuit |
I Port2 K ———) :
: Optional L I
I /0 Ports Port3 Portl RPort2 RPort0  TEA TALE TPSEN |
-39 S A
Target System Interface MCS02647

Figure 9
Basic C500 MCU Enhanced Hooks Concept Configuration

Port 0, port 2 and some of the control lines of the C500 based MCU are used by Enhanced Hooks
Emulation Concept to control the operation of the device during emulation and to transfer
informations about the programm execution and data transfer between the external emulation
hardware (ICE-system) and the C500 MCU.

1) “Enhanced Hooks Technology” is a trademark and patent of Metalink Corporation licensed to Infineon

Technologies.
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Table 5
Contents of the CAN Registers in numeric order of their addresses
(C505C/C505CA only)

Addr. |Register |Content|Bit7 |[Bit6 |Bit5 |[Bit4 |Bit3 |[Bit2 |Bitl |[BitO

n=1-Fy after

1) Reset 2

F7004 |CR 01y TEST |[CCE |0 0 EIE SIE IE INIT

F7014 |SR XXH BOFF |EWRN |- RXOK |TXOK |LEC2 |[LEC1 |LECO

F7024 |IR XXH INTID

F704 |BTRO UUy SIW BRP

F7054 |BTR1 ouuu. |0 TSEG2 TSEG1
UuUUR

F706y |GMSO |UUy ID28-21

F707 |GMS1 UUUL. ID20-18 1 1 1 1 1
1111g

F7084 |UGMLO (UUy ID28-21

F7094 |UGML1 |UUy ID20-13

F70Ay |LGMLO |UUH ID12-5

F70By |LGML1 |UUUU. ID4-0 0 0 0
uo00g

F70CH |UMLMO |UUH ID28-21

F70Dy |[UMLM1 |UUY ID20-18 ID17-13

F70Ey |LMLMO |UUHY ID12-5

F70Fy |LMLM1 |[UUUU. ID4-0 0 0 0
uo00g

F7n0y |MCRO UUy MSGVAL TXIE RXIE INTPND

F7nly |MCR1 UUy RMTPND TXRQ MSGLST NEWDAT

CPUUPD

F7n2y |UARO  |UUH ID28-21

F7n34 |UAR1 UUy ID20-18 ID17-13

F7n4y |LARO UUy ID12-5

F7n5, |LAR1 Uuuu. ID4-0 0 0 0
uo00g

1) The notation “n“ (n=1 to F) in the address definition defines the number of the related message object.
2) “X* means that the value is undefined and the location is reserved. “U“ means that the value is unchanged
by a reset operation. “U* values are undefined (as “X“) after a power-on reset operation
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I/O Ports

The C505 has four 8-bit I/O ports and one 2-bit I/O port. Port 0 is an open-drain bidirectional /0O
port, while ports 1 to 4 are quasi-bidirectional I/O ports with internal pullup resistors. That means,
when configured as inputs, ports 1 to 4 will be pulled high and will source current when externally
pulled low. Port 0 will float when configured as input.

The output drivers of port 0 and 2 and the input buffers of port 0 are also used for accessing external
memory. In this application, port O outputs the low byte of the external memory address, time
multiplexed with the byte being written or read. Port 2 outputs the high byte of the external memory
address when the address is 16 bits wide. Otherwise, the port 2 pins continue emitting the P2 SFR
contents. In this function, port 0 is not an open-drain port, but uses a strong internal pullup FET .

Port 4 is 2-bit I/0 port with CAN controller specific alternate functions. The eight analog input lines
are realized as mixed digital/analog inputs. The 8 analog inputs, ANO-AN7, are located at the port
1 pins P1.0 to P1.7. After reset, all analog inputs are disabled and the related pins of port 1 are
configured as digital inputs. The analog function of a specific port 1 pin is enabled by bits in the SFR
P1ANA. Writing a 0 to a bit position of PLANA assigns the corresponding pin to operate as analog
input.

Note : P1ANA is a mapped SFR and can be only accessed if bit RMAP in SFR SYSCON is set.

Data Sheet 27 12.00
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Timer / Counter 0 and 1
Timer/Counter 0 and 1 can be used in four operating modes as listed in Table 6 :

Table 6
Timer/Counter 0 and 1 Operating Modes

Mode | Description TMOD Input Clock
M1 MO internal external (max)
0 8-bit timer/counter with a 0 0 fosc/6X%32 fosc/12x32
divide-by-32 prescaler
16-bit timer/counter 0
2 8-bit timer/counter with 1 0
8-bit autoreload - T
3 Timer/counter O used as one 1 1 os¢ o8¢
8-bit timer/counter and one
8-bit timer

Timer 1 stops

In the “timer” function (C/T = ‘0’) the register is incremented every machine cycle. Therefore the
count rate is fos/6.

In the “counter” function the register is incremented in response to a 1-to-O transition at its
corresponding external input pin (P3.4/T0, P3.5/T1). Since it takes two machine cycles to detect a
falling edge the max. count rate is fosc/12. External inputs INTO and INT1 (P3.2, P3.3) can be
programmed to function as a gate to facilitate pulse width measurements. Figure 10 illustrates the
input clock logic.

Timer 0/1
Input Clock
P3.4/TO
P35mL © _\_ Control
TRO
Gate 1A TR1 | &
(TMOD)
<1
P3.2/INTO
P3.3/INT1 MCS03117

Figure 10
Timer/Counter 0 and 1 Input Clock Logic
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Timer 2 Compare Modes

The compare function of a timer/register combination operates as follows : the 16-bit value stored
in a compare or compare/capture register is compared with the contents of the timer register; if the
count value in the timer register matches the stored value, an appropriate output signal is generated
at a corresponding port pin and an interrupt can be generated.

Compare Mode 0

In compare mode 0, upon matching the timer and compare register contents, the output signal
changes from low to high. It goes back to a low level on timer overflow. As long as compare mode
0 is enabled, the appropriate output pin is controlled by the timer circuit only and writing to the port
will have no effect. Figure 12 shows a functional diagram of a port circuit when used in compare
mode 0. The port latch is directly controlled by the timer overflow and compare match signals. The
input line from the internal bus and the write-to-latch line of the port latch are disconnected when
compare mode 0 is enabled.

Port Circuit
| Read Latch
Compare Register 4 Voo
Circuit
Compare Reg.
Internal S Q Port
; nternal
| L L s 0 0P o Pin
Comparator . atc
P | Compare Witeto | o~ o
ﬁ 16 Bit Match Latch R Q O—|
| Timer Register | I
Timer Circuit Timer 4
Overflow
| Read Pin
MCS02661

Figure 12
Port Latch in Compare Mode 0

Data Sheet 31 12.00



—

Infineon
ec no Ogy

C505/C505C/C505A/C505CA

Serial Interface (USART)

The serial port is full duplex and can operate in four modes (one synchronous mode, three

asynchronous modes) as illustrated in Table 7.

Table 7

USART Operating Modes

SCON Description
Mode
SMO SM1
0 0 0 Shift register mode, fixed baud rate
Serial data enters and exits through RxD; TxD outputs the shift
clock; 8-bit are transmitted/received (LSB first)
1 0 1 8-bit UART, variable baud rate
10 bits are transmitted (through TxD) or received (at RxD)
2 1 0 9-bit UART, fixed baud rate
11 bits are transmitted (through TxD) or received (at RxD)
3 1 1 9-bit UART, variable baud rate
Like mode 2

For clarification some terms regarding the difference between "baud rate clock" and "baud rate"
should be mentioned. In the asynchronous modes the serial interfaces require a clock rate which is
16 times the baud rate for internal synchronization. Therefore, the baud rate generators/timers have
to provide a "baud rate clock" (output signal in Figure 14 to the serial interface which - there divided
by 16 - results in the actual "baud rate". Further, the abbrevation fygc refers to the oscillator

frequency (crystal or external clock operation).

The variable baud rates for modes 1 and 3 of the serial interface can be derived either from timer 1

or from a decdicated baud rate generator (see Figure 14).
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technologies
/
TXDC RXDC
" i
T BTL-Configuration Bit
Timing
Logic
CRC -
Timing
Gen./Check Generator
TX/RX Shift Register <
@ Messages
N
Messages , Clocks
Handlers Intelligent (to all)
Memory Control
AN
Interrupt
Register
v
Status + Bit
Processor
Error
Status Management
Register Logic
N
to internal Bus MCBO02736

Figure 15

CAN Controller Block Diagram
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8-Bit A/D Converter (C505 and C505C only)

The C505/C505C includes a high performance / high speed 8-bit A/D converter (ADC) with 8 analog
input channels. It operates with a successive approximation technique and provides the following
features:

— 8 multiplexed input channels (port 1), which can also be used as digital outputs/inputs
— 8-bit resolution

Internal start-of-conversion trigger

Interrupt request generation after each conversion

— Single or continuous conversion mode

The 8-bit ADC uses two clock signals for operation : the conversion clock fapc (=1/tapc) and the
input clock fi (L/tn)- fapc is derived from the C505 system clock fogc which is applied at the XTAL
pins via the ADC clock prescaler as shown in Figure 17. The input clock is equal to fogc. The
conversion clock faopc is limited to a maximum frequency of 1.25 MHz. Therefore, the ADC clock
prescaler must be programmed to a value which assures that the conversion clock does not exceed
1.25 MHz. The prescaler ratio is selected by the bits ADCL1 and ADCLO of SFR ADCON1.

ADCLll lADCLO
f
€ o »f:32
» - Conversion Clock ~ f
+16 MUX ADC
> =8
o - A/lID
4 Converter
Clock Prescaler Input Clock ~ fjy |
. 1
Condition: fapc max<1.25MHz  fiy=fosc = ——=
CLP MCS03299
MCU System Clock | fiy Prescaler |fapc ADCL1 ADCLO
Rate (fosc) [MHZz] Ratio [MHZ]
2 MHz 2 +4 0.5 0 0
5 MHz 5 +4 1.25 0 0
6 MHz 6 +8 0.75 0 1
10 MHz 10 +8 1.25 0 1
12 MHz 12 +16 0.75 1 0
16 MHz 16 +16 1 1 0
20 MHz 20 +16 1.25 1 0
Figure 17

8-Bit A/D Converter Clock Selection
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Highest
D | "|Priority Level
:Dl\f)'ll'j_/ —) } IE1 0 0 c/) °
[ \_|F Tcons | Exi 0013y e
1y ENO.2 i Lowest
' o Priority Level
TCON.2 ) .
P1.0/ f IEX3 !——o/o - P
ANO/ } 0053, Al o 0
M IRCON.2 EX3 v |
INT3/
I[EN1.2 I
CCo [ 1 IP1.2 || IPO.2 i
I3FR ! n
T2CON.6 ot g
Timer 1 11l =/$ © S
Ovel’ﬂOW OOlB H ? / e
TCON.7 ET1 v | q
IENO.3 u
P11/ e €
AN1/ n
e —— f H e /g TE ¢
ccl 005B il | e
IRCON.3 EX4 < - v
IEN1.3 -
ea | P13 |[Pos
| Bit addressable IENO.7
] Request flag is cleared by hardware MCB03304
Figure 22
Interrupt Structure, Overview Part 2
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Fail Save Mechanisms

The C505 offers enhanced fail safe mechanisms, which allow an automatic recovery from software
upset or hardware failure :

— a programmable watchdog timer (WDT), with variable time-out period from 192 us up to
approx. 393.2 ms at 16 MHz (314.5 ms at 20 MHz).

— an oscillator watchdog (OWD) which monitors the on-chip oscillator and forces the
microcontroller into reset state in case the on-chip oscillator fails; it also provides the clock for
a fast internal reset after power-on.

The watchdog timer in the C505 is a 15-bit timer, which is incremented by a count rate of fos/12
upto fosc/192. The system clock of the C505 is divided by two prescalers, a divide-by-two and a
divide-by-16 prescaler. For programming of the watchdog timer overflow rate, the upper 7 bits of the
watchdog timer can be written. Figure 24 shows the block diagram of the watchdog timer unit.

fosc/G

2 +16 N~ WDTL

14 8

WDT Reset - Request
WDTH

A

IPO (A9)

owoslworsl = 1 =1 -1 -1 -1 - WDTPSEL { }

- External HW Reset

y

WDTREL (86,,)

Control Logic

~qwot] - | - - -1 -1 - |ENOGsy)
~swor| -} -1 -1 -1 -1 - |iENnt@sy

MCB03306

Figure 24
Block Diagram of the Programmable Watchdog Timer

The watchdog timer can be started by software (bit SWDT in SFR IEN1) but it cannot be stopped
during active mode of the device. If the software fails to refresh the running watchdog timer an
internal reset will be initiated on watchdog timer overflow. For refreshing of the watchdog timer the
content of the SFR WDTREL is transfered to the upper 7-bit of the watchdog timer. The refresh
sequence consists of two consequtive instructions which set the bits WDT and SWDT each. The
reset cause (external reset or reset caused by the watchdog) can be examined by software (flag
WDTS). It must be noted, however, that the watchdog timer is halted during the idle mode and
power down mode of the processor.
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Basic Programming Mode Selection

The basic programming mode selection scheme is shown in Figure 28.

5V

Vbp /

Clock
! tabl
(XTALL/XTAL2) / Stable

RESET “1¢

PSEN ; 0

PMSEL1,0 0,1

PROG .

PRD g

PSEL

PALE

3
| — |

EANpp o

Ready for access
During this period signals - mode selection
are not actively driven

Figure 28
Basic Programming Mode Selection
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Operating Conditions

Parameter Symbol Limit Values Unit | Notes
min. max.
Supply voltage Vpp 4.25 5.5 Vv Active mode,
fosc max = 20 MHz
5.5 Vv PowerDown mode
Ground voltage Vsg 0 \Y Reference voltage
Ambient temperature °c |-
SAB-C505 | T 0 70
SAF-C505 | Tp -40 85
SAH-C505 | Tp -40 110
SAK-C505 | Ty -40 125
Analog reference V arer 4 Vpp + 0.1 Y, -
voltage
Analog ground voltage | Vacno Vgs — 0.1 Vg +0.2 Vv -
Analog input voltage Vam Vaeno 0.2 | Vager +0.2 Y, -
XTAL clock fosc 2 20 MHz |1
(with 50% duty
cycle)

1) For the extended temperature range -40 °C to 110 °C (SAH) and -40 °C to 125 °C (SAK), the
devices C505-2R, C505-L, C505C-2R and C505C-L have the max. operating frequency of
16MHz with 50% clock duty cycle.

Parameter Interpretation

The parameters listed in the following partly represent the characteristics of the C505 and partly its
demands on the system. To aid in interpreting the parameters right, when evaluating them for a
design, they are marked in column “Symbol”:

CC (Controller Characteristics):

The logic of the C505 will provide signals with the respective characteristics.

SR (System Requirement):

The external system must provide signals with the respective characteristics to the C505.
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Note:

1)

2)

3)

4)

5)

6)

Vain may exeed VagND OF VAREF UP to the absolute maximum ratings. However, the conversion result in
these cases will be X000y or X3FFy, respectively.

During the sample time the input capacitance Cpn must be charged/discharged by the external source. The
internal resistance of the analog source must allow the capacitance to reach their final voltage level within tg.
After the end of the sample time tg, changes of the analog input voltage have no effect on the conversion result.

This parameter includes the sample time tg, the time for determining the digital result and the time for the
calibration. Values for the conversion clock topc depend on programming and can be taken from the table on
the previous page.

Tyg is tested at VaARgg = 5.0 V, Vagnp =0V, Vpp = 4.9 V. Itis guaranteed by design characterization for all
other voltages within the defined voltage range.

If an overload condition occurs on maximum 2 unused analog input pins and the absolute sum of input overload
currents on all analog input pins does not exceed 10 mA, an additional conversion error of 1/2 LSB is
permissible.

During the conversion the ADC'’s capacitance must be repeatedly charged or discharged. The internal
resistance of the reference source must allow the capacitance to reach their final voltage level within the
indicated time. The maximum internal resistance results from the programmed conversion timing.

Not 100% tested, but guaranteed by design characterization.
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AC Characteristics (16 MHz, 0.4 to 0.6 Duty Cycle)

(Operating Conditions apply)

(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit Values Unit
16-MHz clock Variable Clock
Duty Cycle | 1/CLP=2 MHzto 16 MHz
0.4to0 0.6
min. |max. |min. max.
Address setup to ALE taviL 10 - TCLymin-15 |- ns
Address hold after ALE tLax 10 - TCLymin -15 |- ns
ALE to valid instruction in ty - 75 - 2CLP-50 |ns
ALE to PSEN tpl 10 - TCL min-15 |- ns
PSEN pulse width toLpn 73 - CLP+ - ns
TCLymin-15
PSEN to valid instruction in teLy - 38 - CLP+ ns
TCLymin- 50
Input instruction hold after PSEN Toxix 0 - 0 - ns
Input instruction float after PSEN toxiz ? - 15 - TCL min-10 [ns
Address valid after PSEN toxav 7 | 20 - TCLmin-5 |- ns
Address to valid instruction in [RVY - 95 - 2CLP + ns
TCLymin -55
Address float to PSEN tazpL -5 - -5 - ns

) Interfacing the C505 to devices with float times up to 20 ns is permissible. This limited bus contention will not

cause any damage to port O drivers.
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AC Characteristics (20 MHz, 0.5 Duty Cycle)
(Operating Conditions apply)
(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit Values Unit
20 MHz clock Variable Clock
0.5 Duty Cycle | 1/CLP = 2 MHz to 20 MHz
min. max. | min. max.
ALE pulse width th 35 - CLP - 15 - ns
Address setup to ALE faviL 10 - CLP/2-15 |- ns
Address hold after ALE L ax 10 - CLP/2-15 |- ns
ALE to valid instruction in tLv - 55 - 2CLP-45 |ns
ALE to PSEN (. 10 - CLP/2-15 |- ns
PSEN pulse width toLpn 60 - 3/2 CLP - ns
-15
PSEN to valid instruction in toLy - 25 - 3/2 CLP ns
- 50
Input instruction hold after PSEN | toyy 0 - 0 - ns
Input instruction float after PSEN | toy, ? |- 20 - CLP/2-5 ns
Address valid after PSEN toay ? |20 - CLP/2-5 |- ns
Address to valid instruction in Taviv - 65 - 5/2 CLP ns
- 60
Address float to PSEN tazpL -5 - -5 - ns

) Interfacing the C505 to devices with float times up to 20 ns is permissible. This limited bus contention will not
cause any damage to port O drivers.
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ROM/OTP Verification Characteristics for C505

ROM Verification Mode 1 (C505(C)(A)-2R and C505(C)A-4R only)

Parameter Symbol Limit Values Unit
min. max.
Address to valid data tavoy - 5 CLP ns

P1.0-P17 r
P20-P26 —Z Address >—<

tavov
— - |—————
ommour )
Port 0 { DataOUT )
Address: P1.0-P1.7 = AO-A7 Inputs: P2.7, PSEN = Vgg
P20 -P2.6 = A8 - A14 ALE, EA = V|H
Data:  P0.0-P0.7 = DO-D7 RESET = Vi

Note: P2.6 should be connected to Vgg for C505(C)(A)-2R

Figure 40
ROM Verification Mode 1
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