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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.

Applications of "Embedded -
Microcontrollers"

Obsolete

C500

8-Bit

20MHz

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

34

ROMless

1.25K'x 8

4.25V ~ 5.5V

A/D 8x10b
External

-40°C ~ 85°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
*)
RESET 4 I RESET

A high level on this pin for two machine cycle while the
oscillator is running resets the device. An internal diffused
resistor to Vgg permits power-on reset using only an
external capacitor to Vpp.

P3.0-P3.7 5,7-13 I/O Port 3

is an 8-bit quasi-bidirectional port with internal pull-up
arrangement. Port 3 pins that have 1's written to them are
pulled high by the internal pull-up transistors and in that
state can be used as inputs. As inputs, port 3 pins being
externally pulled low will source current (I;_, in the DC
characteristics) because of the internal pullup transistors.
The output latch corresponding to a secondary function
must be programmed to a one (1) for that function to operate
(except for TxD and WR). The secondary functions are
assigned to the pins of port 3 as follows:

5 P3.0/RxD Receiver data input (asynch.) or data
input/output (synch.) of serial interface

7 P3.1/TxD Transmitter data output (asynch.) or
clock output (synch.) of serial interface

8 P3.2 /INTO External interrupt O input / timer 0 gate
control input

9 P3.3/INT1 External interrupt 1 input / timer 1 gate
control input

10 P3.4/TO Timer O counter input

11 P3.5/T1 Timer 1 counter input

12 P3.6 / WR WR control output; latches the data
byte from port 0 into the external data
memory

13 P3.7/ RD RD control output; enables the external
data memory

*) | =Input
O= Output
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Table 2

Pin Definitions and Functions (cont'd)

Symbol

Pin Number

/0
")

Function

P2.0-P2.7

18-25

I/10

Port 2

is a an 8-bit quasi-bidirectional 1/0 port with internal pullup
resistors. Port 2 pins that have 1's written to them are pulled
high by the internal pullup resistors, and in that state can be
used as inputs. As inputs, port 2 pins being externally pulled
low will source current (I, , in the DC characteristics)
because of the internal pullup resistors. Port 2 emits the
high-order address byte during fetches from external
program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @DPTR). In this
application it uses strong internal pullup transistors when
issuing 1s. During accesses to external data memory that
use 8-bit addresses (MOVX @RIi), port 2 issues the
contents of the P2 special function register and uses only
the internal pullup resistors.

PSEN

26

The Program Store Enable

output is a control signal that enables the external program
memory to the bus during external fetch operations. It is
activated every three oscillator periods except during
external data memory accesses. Remains high during
internal program execution. This pin should not be driven
during reset operation.

ALE

27

The Address Latch Enable

output is used for latching the low-byte of the address into
external memory during normal operation. It is activated
every three oscillator periods except during an external data
memory access. When instructions are executed from
internal ROM or OTP (EA=1) the ALE generation can be
disabled by bit EALE in SFR SYSCON.

ALE should not be driven during reset operation.

*) | =Input

O= Output

Data Sheet
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Figure 7 shows the recommended oscillator circuits for crystal and external clock operation.

XTAL2

C

||

|

}_ﬁ 2.20 L
MHz

C505
C505C
C505A

C505CA

i

XTAL1

C = 20pF + 10pF for crystal operation

N.C. — XTAL2
Voo C505
C505C
C505A
C505CA
External >
Clock D XTAL1
Signal

Figure 7
Recommended Oscillator 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.

Data Sheet 17 12.00
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Table 4
Contents of the SFRs, SFRs in numeric order of their addresses
Addr |Register (Content|Bit7 |Bit6 |Bit5 |Bit4 |Bit3 |Bit2 |Bitl |[BitO
after
Reset?)
802 |PO FFH v .6 5 4 3 2 A .0
8l |[SP 07H v .6 5 4 3 2 A .0
82y |DPL 00y 7 .6 5 4 3 2 A .0
834 |DPH 00y 7 .6 5 4 3 2 A .0
86y |WDTREL |00y WDT |.6 5 4 3 2 A .0
PSEL
87y |PCON 00y SMOD |PDS IDLS |SD GF1 GFO PDE IDLE
8842 |TCON 00y TF1 TR1 TFO TRO IE1 IT1 IEO ITO
88y |PCON1 |0XXO- |EWPD |- - WS - - - -
XXXXg
894 |TMOD |00n GATE |CT M1 MO GATE |CIT M1 MO
8Ay |TLO 00y 7 .6 5 4 3 2 A .0
8By |TL1 00y 7 .6 5 4 3 2 A .0
8CH |THO 00y 7 .6 5 4 3 2 A .0
8Dy |TH1 00y v .6 5 4 3 2 A .0
90?2 |P1 FFH T2 CLK- |T2EX |.4 INT6 [INT5 |INT4 [.INT3
ouT
904?¥ |P1ANA |FFy EAN7 |EAN6 |EAN5 |EAN4 |EAN3 |EAN2 |EAN1 |EANO
91y |XPAGE |00y 7 .6 5 4 3 2 A .0
92y |DPSEL [XXXX- |- - - - - 2 A .0
X000g
982 |SCON 00y SMO |SM1 |[SM2 REN |TB8 RB8 TI RI
99y |SBUF XXH 4 .6 5 4 3 2 A .0
A0? |P2 FFY v .6 5 4 3 2 A .0
A8? |IENO 00y EA WDT [ET2 ES ET1 EX1 ETO EXO
A9y |IPO 00y OwWDS |WDTS |.5 4 3 2 A .0
AAy |SRELL |D9y 4 .6 5 4 3 2 A .0

1) X means that the value is undefined and the location is reserved
2) Bit-addressable special function registers
3) SFR is located in the mapped SFR area. For accessing this SFR, bit RMAP in SFR SYSCON must be set.

Data Sheet
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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

Data Sheet 28 12.00
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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).

Data Sheet
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CAN Controller Software Initialization

The very first step of the initialization is the CAN controller input clock selection. A divide-by-2
prescaler is enabled by default after reset (Figure 16). Setting bit CMOD (SYSCON.3) disables the

prescaler. The purpose of the prescaler selection is:

— to ensure that the CAN controller is operable when fyq is over 10 MHz (bit CMOD =0)

— to achieve the maximum CAN baudrate of 1 Mbaud when fyg is 8 MHz (bit CMOD=1)

SYSCON.3
(CMOD)
fosc 1
> ° foan Full-CAN
9 0 Module
Condition: CMOD = 0, when f 55 > 10 MHz MCS03296
Frequency (MHz) CMOD BRP CAN
£ fCAN (SYSCON.3) | (BTRO0.0-5) baudrate
0sc c (Mbaud/sec)
8 1 000000g 1
4 0 000000g 0.5
16 8 0 000000g 1

Note : The switch configuration shows the reset state of bit CMOD.

Figure 16

CAN controller Input Clock Selection

Data Sheet
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10-Bit A/D Converter (C505A and C505CA only)

The C505A/C505CA includes a high performance / high speed 10-bit A/D-Converter (ADC) with 8
analog input channels. It operates with a successive approximation technique and uses self
calibration mechanisms for reduction and compensation of offset and linearity errors. The A/D
converter provides the following features:

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

— Single or continuous conversion mode

— Internal start-of-conversion trigger capability

— Interrupt request generation after each conversion

— Using successive approximation conversion technique via a capacitor array

— Built-in hidden calibration of offset and linearity errors

The 10-bit ADC uses two clock signals for operation : the conversion clock fapc (=1/tppc) and the
input clock fiy (F1/4N)- fapc is derived from the C505 system clock fogc which is applied at the
XTAL pins. The input clock fjy is equal to fogc The conversion fapc clock is limited to a maximum
frequency of 2 MHz. Therefore, the ADC clock prescaler must be programmed to a value which
assures that the conversion clock does not exceed 2 MHz. The prescaler ratio is selected by the
bits ADCL1 and ADCLO of SFR ADCONL1.

ADCLli iADCLO
fosc o] +32
» - Conversion Clock ~ f
=16 MUX ADC
:8 AID
< Converter
Clock Prescaler Input Clock ~ fy
" 1
Condition: f Apc max < 2 MHz fin=fosc = ==
CLP MCS03635
MCU System Clock | fjy Prescaler |fapc ADCL1 ADCLO
Rate (fosc) [MHZz] Ratio [MHZz]
2 MHz 2 +4 0.5 0 0
6 MHz 6 +4 1.5 0 0
8 MHz 8 +4 2 0 0
12 MHz 12 +8 1.5 0 1
16 MHz 16 +8 2 0 1
20 MHz 20 +16 1.25 1 0
Figure 19

10-Bit A/D Converter Clock Selection

Data Sheet 40 12.00
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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
Data Sheet 44 12.00
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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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oo C505A-4E
[mA] C505CA-4E
40 T
I
| | p
35 ! A
- | /
[ : ) /
30 B 6@ ./l
F ‘ \4@@0 /
25— ol
[ ! /// I IDD max
) f L
20 B | , IDDtyp
- | / I
B | 00¢ »
15— A/ “EN\A/////.
T 7
- 7 -~ N
B "/ T 60“““} )
10 F : 4 = ~ \\rxode*s\ow =
% ﬁo\\\'e -
5 1//( - = i
: :C:% == \dle Noder+Slow-0oW™ f
—t 1 1 T - P - » losc
4 8 12 16 20 [MHz]
Figure 30

Ipp Diagram of C505A-4E and C505CA-4E

C505A-4E/C505CA-4E : Power Supply Current Calculation Formulas

Parameter Symbol | Formula
Active mode lo0yp 1.63 «+fosc + 2.6
oo ma 1.74 «fose +2.8
Idle mode IDD typ 069 * fosc + 39
IDDmax 0.74 *fOSC + 4.1
Active mode with lo0 tp 0.6 « fosc + 0.3
slow-down enabled I 55 max 0.7 « fosc + 1.6
Idle mode Wlth IDD typ 0.3 * fOSC + 0-3
slow-down enabled I 55 max 0.3 xfosc + 0.8

Note: f,s is the oscillator frequency in MHz. Ipp values are given in mA.
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A/D Converter Characteristics of C505 and C505C

(Operating Conditions apply)

Parameter Symbol Limit Values Unit | Test Condition
min. max.
Analog input voltage Van Vieno - | Vager + |V D
0.2 0.2
Sample time ts - 64 Xt ns Prescaler + 32
32 x ty Prescaler + 16
16 x t Prescaler ~ 8
8 Xty Prescaler +4 2
Conversion cycle time {apce - 320xty | ns Prescaler + 32
160 x t)y Prescaler + 16
80 x t Prescaler + 8
40 Xty Prescaler +4 9
Total unadjusted error Toe - +2 LSB |Vggt0.5V <V < Vpp-0.5V 4
Internal resistance of Rarer - tyoc /500 | KQ | tapc in [ns] 9O
reference voltage source -1
Internal resistance of Rasre - ts/500 |kQ [tsin[ns] 2©
analog source -1
ADC input capacitance Can - 50 pF |®
Notes see next page.
Clock calculation table :
Clock Prescaler | ADCL1,0 |tapc tg taApcc
Ratio
+32 1 1 32Xt|N 64Xt|N 320Xt|N
=16 1 0 16Xt|N 32Xt|N 160Xt|N
+8 0 1 8Xt|N 16Xt|N 80Xt|N
+4 0 0 4Xt|N 8Xt|N 40Xt|N

Further timing conditions : tapc mMin =800 ns
tn =1/fosc =tcLp

Data Sheet
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! tWHLH

o \

—

. t LLWL tWLWH

QVWX

» t AVLL * » - tWHQX

= o

tQVWH —

f AO-A7from jK)( A0 - A7
Port 0 :)—{K RorDPL | Data OUT N >—<In§HN

' t AVWL .

[
Port 2 X P2.0 - P2.7 or A8 - A15 from DPH X A8 - A15 from PCH
MCT00098
Figure 34
Data Memory Write Cycle
TCL tR te
— - 0.7Vpp
KTALL _0.2Vpp-0.1
TCL,
Figure 35

External Clock Drive on XTAL1
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Upaw
PALE / \
Upms
PMSELLO % H, H
tpas tpaH
Port 2 % AO-A X
tpAD ' PDH
Port 0 ««§ DO0-D7 !§> )
UPRD U ppF
JR— A
PRD \ / U pwH \
Upcs Uprw UpcH
Notes: PROG must be high during a programming read cycle.

MCT03643
Figure 37
Verify Code Byte - Read Cycle Timing
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PMSELLO X H L N H,L X
] \ Y7 AN
Port 0 { DO, D1 ) & DODL
fecs fec
e S— — e EE—
tpms EpmH
— - [——————
y
PROG \ / t
X ( 7 PDH
)) — | |-
oww tms UprD It por
-t | | -t | —
i EpwH
B PRW
[ - — !—
PRD \ / MCT03644
Note: PALE should be low during a lock bit read / write cycle.

Figure 38
Lock Bit Access Timing

PMSELL0 Zﬂ L H :@@

Port 2 %I e.g. FDy ’Q@

e
Port0 « o7 | P
tpcs tppH
- — — -
'PRD tppF
— - ———  —] |———
I tPMS tp|\/|H
PRD - - t PRW "
\ /
K MCT03645

Note: PROG must be high during a programming read cycle.

Figure 39
Version Byte Read Timing
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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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Vyp-05V
PP 0.2Vpp+0.9
Test Points
0.2Vpp -0.1
045V
MCT00039
AC Inputs during testing are driven at Vp - 0.5 V for a logic '1’ and 0.45 V for a logic '0’.
Timing measurements are made at V., for a logic 1’ and V, ..« for a logic '0'.

Figure 42
AC Testing: Input, Output Waveforms

\VOH 0.1V
7/ Vo +0.1V

MCT00038

Timing Reference

Vioag Points

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage
occurs and begins to float when a 100 mV change from the loaded V,,/V,, level occurs.

Figure 43
AC Testing : Float Waveforms

Crystal Oscillator Mode Driving from External Source
C
— XTAL2 NG
XTAL2
| 2-20
' MHz External Oscillator
Signal
C XTAL1
] XTALL
Crystal Mode: C =20 pF +10 pF (incl. stray capacitance) MCS03311

Figure 44
Recommended Oscillator Circuits for Crystal Oscillator
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