SIEMENS

8-Bit CMOS Microcontroller

Advance Information

256x8 RAM
256x8 XRAM

Fully compatible to standard 8051 microcontroller
Up to 40 MHz operating frequency
16 Kx8 ROM (C504-2R only, optional ROM protection)

- 3-channel, 16-bit capture/compare unit
- 1-channel, 10-bit compare unit

Compare unit
USART

Oscillator Watchdog
Fast Power On Reset
Power Saving Modes
M-QFP-44 package

Temperature ranges: SAB-C504 T,

SAF-C504 T,
SAH-C504 T,
SAK-C504 T,

10-bit A/D Converter with 8 multiplexed inputs

Twelve interrupt sources with two priority levels
On-chip emulation support logic (Enhanced Hooks Technology ™)
Programmable 15-bit Watchdog Timer

0to 70°C

1~ 40 to 85°C
:—~40to 110°C (max. operating frequency.: TBD)
1 —40 to 125"C (max. operating frequency.: 12 MHz)

Four 8-bit ports, (2 ports with mixed analog/digital I/0O capability)
Three 16-bit timers/counters (timer 2 with up/down counter feature)
Capture/compare unit for PWM signal generation and signal capturing
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SIEMENS C504

The C504 with its capture compare unit (CCU) especially provides a functionality, which allows to
use the microcontroller in motor control applications. Further, the C504 is functionally upward
compatible with the SAB 80C52/C501 microcontroiler and can replace it in existing applications.
The C504-2R contains a non-volatile 16 Kx8 read-only program memory, a volatiie on-chip 512x8
read/write data memory, four 8-bit wide ports, three 16-bit timers/counters, a 16-bit capture/
compare unit with compare timer, a 10-bit compare timer, a twelve source, two priority level interrupt
structure, a serial port, versatile fail save mechanisms, on-chip emulation support logic, and a
genuine 10-bit A/D converter. The C504-L is identical to the C504-2R, except that it lacks the
program memory on chip. Therefore, the term C504 refers to all versions within this data sheet
unless otherwise noted.

Ordering Information
Type ‘ Ordering Code l Package : Description

- l (8-Bit CMOS microcontroller)
SAB-C504-LM \067120-C1048 P-MQFP-44 . for external memory (12 MHz)
SAB-C504-L24M | Q67120-C1049 ) P-MQFP-44 ~ for external memory (24 MHz)
SAB-C504-L40M | Q67120-C1050 | P-MQFP-44 | y y (40 MHz)
SAB-C504-2RM | Q67120-DXXXX | P-MQFP-44 | with mask-programmable ROM (12 MHz)
SAB-C504-2R24M | Q67120-DXXXX | P-MQFP-44 | with mask-programmable ROM (24 MHz)
SAB-C504-2R40M | Q67120-DXXXX \ P-MQFP-44 ‘ with mask-programmable ROM (40 MHz)

for external memory (40 MHz)

Note: Versions for extended temperature ranges — 40 'C to 110 C (SAH-C504) and — 40 C to
125 C (SAK-C504) are available on request.
The ordering number of ROM types (DXXXX extensions) is defined after program release
(verification) of the customer.
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Logic Symbol
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Figure 2
Pin Configuration (Top view)
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Table 1
Pin Definitions and Functions

SVmbOl T Pin Number |/o Function T
i (P-MQFP-44)

P1.0-P17 4044 i Port1

is an 8-bit bidirectional port. Port pins can be used for
digital input/output. P1.0 - P1.3 can also be used as analog
inputs of the A/D-converter. As secondary digital functions,
port 1 contains the timer 2 pins and the capture/compare
inputs/outputs. Port 1 pins are assigned to be used as
| analog inputs via the register P1ANA.

I The functions are assigned to the pins of port 1 as follows:

!

P1.0 / ANO / T2Analog input channel 0 /
} linput to counter 2
41 P1.1/ AN1/T2EXAnalog input channel 1 /

capture/reload trigger of timer 2/ up-down count
P1.2/ AN2 / CCOAnalog input channel 2 /

[ 42 input/output of capture/compare channe! 0
P1.3/AN3/ COUTOAnalog input channe! 3 /
’ output of capture/compare channet 0
43 i P1.4 / CC1input/output of capture/compare channel 1
P1.5/ COUT10utput of capture/compare
44 channel 1
P1.6 / CC2Input/output of capture/compare channel 2
1 P1.7 / COUT20utput of capture/compare
j channel 2
2
3
RESET |4 | |RESET
A high level on this pin for one machine cycle while the
oscillator is running resets the device. An internal diffused
resistor to Vs permits power-on reset using only an
| external capacitor to V.
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C504

‘ 1o | Function
%)
/O | Port3
i is an 8-bit bidirectional port. P3.0 (RxD) and P3.1 (TxD)
} operate as defined for the C501. P3.2 to P3.7 contain the
| external interrupt inputs, timer inputs, input and as an
| additional optinal function four of the analog inputs of the
]A/D-converter. Port 3 pins are assigned to be used as
| analog inputs via the bits of SFR P3ANA.
P3.6/WR can be assigned as a third interrupt input. The
’ functions are assigned to the pins of port 3 as follows:
P3.0/RxD Receiver data input (asynch.) or data
input/output (synch.) of serial
interface

) P3.1/TxD Transmitter data output (asynch.} or

( clock output {synch.) ot serial
interface

\ P3.2 / AN4 / INTO Analog input channel 4 / external

\ interrupt O input / timer O gate control
input

\ P3.3/AN5/INT1 Analog input channel 5 / external

\ interrupt 1 input / timer 1 gate control
input

\ P3.4/AN6/TO Analog input channel 6 / timer O

\ counter input

P3.5/AN7/T1 Analog input channel 7 / timer 1

\ counter input

P3.6/WR/INT2 WR control output: latches the data

( byte from port 0 into the external data

.

memory /
external interrupt 2 input
P3.7/RD RD control output; enables the

external data memory

| \ CCU Trap Input

With CTRAP = low the compare outputs of the CAPCOM
unit are switched 1o the logic level as defined in the COINI

\ register (if they are enabled by the bits in SFR TRCON).
CTRAP is an input pin with an internal pullup resistor. For
power saving reasons, the signal source which drives the
CTRAP input should be at high or floating level during
power-down mode.

Table 1
Pin Definitions and Functions (cont'd)
Symﬁ)l } 'Pin Number
B L P-MQFP -44)
P3.0-P3.7 \5 713
|
E
|
{7
|
\8
l
N
o
|11
|
' 12
iE
D
CTRAP \ 6
|
|
|
y 1= Input
O = Output
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Table 1
Pin Definitions and Functions (cont'd)

WF;in Nun;ber /0 fFunﬁ:tion
(P-MQFP-44) [*) ‘

14 ]— XTAL2

ambol

XTAL2
- |xtAaLr .

i Input to the inverting oscillator amplifier and input to the
J internal clock generator circuits.

XTAL1 15

} i To drive the device from an external clock source, XTAL1
I should be driven, while XTAL2 is left unconnected. There
} are no requirements on the duty cycle of the external clock
( signal, since the input to the internal clocking circuitry is
J divided down by a divide-by-two flip-flop. Minimum and
maximum high and low times as well as rise/fall times
l specified in the AC characteristics must be observed.
P2.0-P2.7 18-25 i/O | Port2
‘ J is a bidirectional I/0 port with internal pullup resistors. Port
’ 2 pins that have 1s written to them are pulled high by the
r internal puliup resistors, and in that state can be used as
inputs. As inputs, port 2 pins being externally pulled low
will source current (/, in the DC characteris-tics) 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 putlup resistors when issuing 1s.
During accesses to external data memory that use 8-bit
[ addresses (MOVX @Ri), port 2 issues the contents of the
? P2 special function register.

The Program Store Enable
output is a control signal that enables the external program
memoary to the bus during external fetch operations. It is
activated every six oscillator periodes except during
external data memory accesses. Remains high during
‘ internal program execution.

PSEN

O The Address Latch Enable
output is used for latching the low-byte of the address into
Jextemal memory during normai operation. It is activated
"every six oscillator periodes except during an external data
memory access. When instructions are executed from
internal ROM (5:1) the ALE generation can be disabled

| by bit EALE in SFR SYSCON.

ALE 27

i
|
|
|
|
|
|
|
|
|
-
|
o
}26 ‘o”'
| |
| J
| |
o
o
1 |

) 1 = Input i
O = Output
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Table 1
Pin Definitions and Functions (cont'd)

Syme'{”* ] Pln Number I/O \ Functlon
\ (P MQFP -44) i
COUT3 28 10 Bit compare channel output
\ ‘ This pin is used for the output signal of the 10-bit compare
\' tlmer 2 unit. COUTS3 can be disabled and set to a high or
low state.
EA WQQ External Access Enable
i l When held at high level, instructions are fetched from the
internal ROM (C504-2R only) when the PC is tess than
, ‘ 4000.When held at low level, the C504 fetches all
; \ instructions from external program memory.
\ For the C504 L this pln must be tied low.
P0.0-P0.7 ]30 37 ] O |Port0
5 \ is an 8-bit open-drain bidirectional I/O port. Port O pins that
\ have 1s 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 resistors when issuing 1 s.
i [Port 0 also outputs the code bytes during program
l verification in the C504-2R. External pullup resistors are
JVrequured durlng program (ROM) veritication.
Kﬁpg o _,,T 38 T Refergnce vqltage for the A/E) converter.
\{AGND o 7[39 J Referencg ground for the A/D converter. )
Vs |16 |~ |Ground (0V)
YEL |17 [ Power Supply (+5V) )
"} | = Input
O = Qutput
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Functional Description

The C504 basic architecture is fully compatible to the standard 8051 microcontroller family. While
maintaining all architectural and operational characteristics of the SAB 80C52 / C501, the C504
incorporates some enhancements such as on-chip XRAM, A/D converter, fail save mechanisms,
and a versatile capture/compare unit.

Figure 3 shows a block diagram of the C504.

E N ' ]

Voc Oscillator Watchd |
Vs scillafor Watchdog
X KRAM RAM ROM
YTALY j 256x 8 256x 8 16kx 8
> .
XTAL? < 0SC & Timing
: [
CPU . J,J
RESET o H s
ALE - Timer 0 oy ot 0 KD RO
BN < H 8-Bit Digital 1/0
£A » Port 1
Timer 1 T T T Port 1[G 8-Bit Digital 1/0
( H 4-Bit Analog Inputs
. A T 3 Port 2
Timer 2 | )| Port2 8-Bit Digital 1/0
X 1L R Port 3
Inferrupt Unit e A Port 3 Koo>8-Bit Digital 1/0
J‘ 4-Bit Analog Inputs
USART K, ]
’ COUT3 <« | . . H
/ CTRAP » Capture/Compare Unit ] ’
v 1 |
‘ VARU A/D Converfer 10-Bit K l
AGND T
S ) Emutotion
P I Support
S&H Mox KL Logic
]
] MCB02591 {

Figure 3
Block Diagram of the C504
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CPU

The C504 is efficient both as a controller and as an arithmetic processor. It has extensive facilities
for binary and BCD arithmetic and excels in its bit-handling capabilities. Efficient use of program
memory results from an instruction set consisting of 44 % one-byte, 41 % two-byte, and 15 % three-
byte instructions. With a 12 MHz crystal, 58 % of the instructions are executed in 1.0us (24 MHz:
500 ns, 40 MHz : 300 ns).

Special Function Register PSW (Address DOy) Reset Value : 00y
Bit No. MSB LSB
D7H D6y D5H D4|..| D3y D2H D1y DOy
Doy | cv | ac | Fo [ Rst[mso [ ov [ Fi | P |Psw
Bit Functlon R
CcY Carry Flag

| Used by arithmetic instruction.

AC | Auxiliary Carry Flag
Used by instructions whlch execute BCD operatlons
FO ) General Purpose Flag o
!;tS1 Reglster Bank select comrol bns - - -
RSO [ These bits are used to select one of the four register banks.
i RS1 II; RSO ~ [Function -
0 I Bank 0 selected, data address OOH O7H o
\ 0 ﬂBank 1 selected deie'aiddress 5 08-0F -
\ 1 . » Bank 2 selected data address 104-17y -
l { Ji - \Bank 3 selected ;t;edidress 123|.iTFH 77 4
ov | overflow Flag o - S
Used by arithmetic instruction.
F1 - General Perpose Flag o :

Set/cleared by hardware after each instruction to indicate an odd/even
| number of “one" bits in the accumulator, i.e. even parity.

P \ Parlty Flag

Semiconductor Group 10
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Memory Organization
The C504 CPU manipulates operands in the following four address spaces:
— up to 64 Kbyte of external program memory
— up to 64 Kbyte of external data memory
— 2586 bytes of internal data memory
— 256 bytes of internal XRAM data memory
— a 128 byte special function register area

Figure 4 illustrates the memory address spaces of the C504.

{ FFFFY FFFFy
Internal
XRAM
_______ FFOON
FEFFy
| External
I Indirect Direct
Address Address
FFy FFH
Special
) External :zn;;rno\ Function
4000 xterna Register
] H 80y 80y
3FFFy i
Infernal Externat Internal
(EA=1) (EA=0) RAM
0000y 0000y 00y
N Y -~
] "Code Space’ "Data Spoce’ "internal Data Spoce’
l MCD02592

Figure 4
C504 Memory Map

The XRAM in the C504 is a memory area that is logically located at the upper end of the external
memory space, but is integrated on the chip. Because the XRAM is used in the same way as
external data memory the same instruction types (MOVX instructions) must be used for accessing
the XRAM. The XRAM can be enabled and disabled by the XMAP bit in the SYSCON register.
ROM Protection

The C504-2R ROM version allows to protect the content of the internal ROM against read out by
non authorized people. The type of ROM protection (protected or unprotected) is fixed with the
ROM mask. Therefore, the customer of a C504-2R ROM version has to define whether ROM
protection has to be selected or not.

- . R - N

Semiconductor Group 11
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Special Function Registers

All registers, except the program counter and the four general purpose register banks, reside in the
special function register area.

The 63 special function register (SFR) include pointers and registers that provide an interface
between the CPU and the other on-chip peripherals. There are also 128 directly addressable bits
within the SFR area.

The SFRs of the C504 are listed in table 2 and table 3. In table 2 they are arganized in groups
which refer to the functional blocks of the C504. Table 3 illustrates the contents of the SFRs in
numeric order of their addresses.

Semiconductor Group 12
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Table 2
Special Function Registers - Functional Blocks

Block Symbol | Name ] Address Contents after
Reset
CPU ACC Accumulator EOy "
B B-Register Fou"
DPH Data Pointer, High Byte 83y
DPL Data Pointer, Low Byte 82y 00y
PSW Program Status Word Register S UFRY } 0o
SP Stack Pointer 81y 07y
SYSCON System Control Reg|ster B1 H 4 XX10XXX0g ?
Interrupt %ENO Interrupt Enable Register 0 A8y 0X000000g @
System IEN1 Interrupt Enable Register 1 | A9 XX000000g *
CCIE? | Capture/Compare Interrupt Enable Reg. D6y 00y
1PO Interrupt Priority Register 0 B8y " XX000000g ¥
IP1 Interrupt Priority Register 1 BOy XX000000g *
ITCON Interrupt Tngger Condmon Reglster 9AH o 0010101OB
Ports PO Port 0 soR" FFH
P1 Port 1 0" FFy
P1ANA2 | Port 1 Analog Input Selection Register WY | XXXX1111gY
P2 Port 2 A0y " FFh
P3 Port 3 BOY " FFy
P3ANA?2 | Port 3 Analog Input Selection Reglster BOH naEXX1111XXg?
A/D- ADCONO | A/D Converter Control Register 0 D8y’ TXXOOOOOO 3
Converter | ADCON1 | A/D Converter Control Register 1 DCy 01XXXOOOB
ADDATH | A/D Converter Data Register High Byte D9y
ADDATL | A/D Converter Data Register Low Byte DAY OOXXXXXXB 3
P1ANA2 | Port 1 Analog Input Selection Register 90y ¥ XXXX1111g ™
P3ANA2 LPort 3 Analog lnput Selection Reglster BOy ¥ XX1 111XXg?
Serial |PCON? | Power Control Register 874 OOOXOOOOB
Channels | SBUF Serial Channel Buffer Register 99 XXy?
‘l SCON | Serial Channel Control Register 98" |00
Timer 0/ TCON | Timer 0/1 Control Register 88y " 00h
Timer 1 THO Timer 0, High Byte 8Ch 100
TH1 Timer 1, High Byte 8Dy [ 00W
TLO Timer 0, Low Byte 8ANY 100y
TL1 Timer 1, Low Byte 8By 00
77777 | TMOD | Timer Mode Register 89y 004

1) Bit-addressable special function registers
2) This special function register is listed repeatedly since some bits of it also belong to other functional blocks.

3) X means that the value is undefined and the location is reserved
4) SFR is located in the mapped SFR area. For accessing this SFR, bit RMAP in SFR SYSCON must be sel.

Semiconductor Group
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Table 2

Special Function Registers - Functional Blocks (cont'd)

Block Symbol | Name
Timer 2 T2CON | Timer 2 Control Register csy "
T2MOD | Timer 2 Mode Register Coy
RC2H Timer 2 Reload Capture Register, High Byte | CBY
RC2L Timer 2 Reload Capture Register, Low Byte ‘ CAH
TH2 i Timer 2 High Byte 1 CDy
TL2 ! Timer 2 Low Byte CCH
Capture/ [CT1CON | Compare timer 1 control register E1H
Compare CCPL Compare timer 1 period register, low byte DEy
Unit { CCPH Compare timer 1 period register, high byte | DFy
| CT1OFL | Compare timer 1 offset register, low byte E6p
CT10FH | Compare timer 1 offset register, high byte E74
CMSELO | Capture/compare mode select register 0 E3y
| CMSEL1 ] Capture/compare mode select register 1 Edy
‘ COINI Compare output initialization register E2y
| TRCON | Trap enable control register CFy
] cCLo \ Capture/compare register 0, low byte |C2n
CCHO Capture/compare register 0, high byte ‘ C3y
CCLA1 Capture/compare register 1, low byte Cay
CCH1 Capture/compare register 1, high byte Csy
CCL2 Capture/compare register 2, low byte Céhy
CCH2 Capture/compare register 2, high byte C7y
CCIR i Capture/compare interrupt request flag reg. \ ESH
CCIE?® | Capture/compare interrupt enable register | D6y
CT2CON | Compare timer 2 control register \ Cly
CP2L Compare timer 2 period register, low byte D2y
CP2H Compare timer 2 period register, high byte | D3y
CMP2L | Compare timer 2 compare register, low byte | D4y
CMP2H | Compare timer 2 compare register, high byte | D5
BCON | Block commutation control register D7H
Watchdog | WDCON | Watchdog Timer Control Register coy"
WDTREL | Watchdog Timer Reload Register 86
Power PCON 2'4Lower Control Register 874
Save Mode | PCON1 [ Power Control Register 1 L

1) Bit-addressable special function registers

| Address | Contents after

Reset

XXXXXXX0g
00y
00y
00y

%OOH

000100008
\ 00y
i 00y
00y
004
00
00H
’ FFY
00
\OOH
100y
00H
00H
00y
1 00y
00K
00H
00010000g
00
{xxxxxxoon
00H
XXXXXX00g *

XXXX0000g 9
00H

000X0000g»

OXXXXXXXg ¥

2) This special function register is listed repeatedly since some bits of it also belong to other functional blocks.

3) X means that the value is undefined and the location is reserved

4) SFR is located in the mapped SFR area. For accessing this SFR, bit RMAP in SFR SYSCON must be set.

Semiconductor Group 14
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Table 3
Contems of the SFRs, SFRs in Numeric Order of their Addresses

after ; J
{Reset” |
80n?|PO FFq |7 6 5 4 |3 2 1 0
81y [SP |07y J’f.7 6 5 4 3 2 0
824 [DPL  |ooy |7 6 |5 4 3 2 1 Lo
83y ‘ ?.6 J.5 4 rs 2 1 0
861 WDTHEJf wDT 5 4 3 2 1 0
| z PSEL #
874 [PCON  000X- SMODJEDS IDLS ]k— GF1 !GFo [PDE }| LE
00008 , i | ‘
884 TCON |00y |TF1 [TR1 |TFO |TRO [IET [ITt [IEO  |ITO
8849 |PCON1 |OXXX- |EWPD |- - - - - ~ -
77777 XXXXg ] |
89y |TMOD |00y  |GATE |CT M1 MO |GATE [CT M1 MO
BAy |TLO oy |7 6 [5 ).4 13 }.2 K ﬁo
8By |TL1 fooH 7 [.6 ].5 ILA |3 2 1 0
8CH JfTHO 00K 7 6 5 }.4 3 Tz | 1 0
gDy |TH1 |00y i.? 5 a4 3 2 N 0
90,2 |P1 FFy |7 | 5 4 |3 2 |T2EX |12
90y |[P1ANA [XXXX- |- - - - EAN3 |[EAN2 [EAN1 |EANO
29 1111g
9842[SCON |00y |SMo [sM1 [sM2 [REN |TB8 |RB8 |TI R
XXny 7 6 5 4 3 #2 A 0
0010- TIT.’Z lE2 |I2ETF |I2ETR METF |HETR |IOETF |IOETR
1010g |
FFH 6 5 4 3 2 1 o
0X00- ~ ET2 |ES |ET1 |EX1 [ETO [EX0
0000g

XX00-
0000g |

~ JFfp R0 [wm 11 o [Nt |NTo |0 |RxD

1) X means that the value is undefined and the location is reserved

- - ECT1 JﬁECCM ECT2 |ECEM |EX2 |EADC

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.

Semiconductor Group 15
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Table 3

C504

Contents of the SFRs, SFRs in Numeric Order of their Addresses (cont'd)

Addr | Register |Content |Bit 7 Waits (’éiisf Bita [Bit3 W?ité ~Blt1 "~ IBito
after i
Reset?) B
BOy |P3ANA [XX11- |- - EAN7 |EAN6 |EANS |EAN4 |- -
29 [11XXg
Bly |SYSCON|Xx10- - EALE |RMAP |- - - XMAP
xxxoB# |
B8y | IPO XX00- |- - PT2 |PS |PT1 |PX1 |PTO |PX0
I 0000g
B9y |IP1 XX00- |- - PCT1 |PCCM |PCT2 PCEM [PX2 |PADC
| 0000 7
Copy [WDCON 20006 |- - - - OWDS |WDTS |WDT |SWDT
{ ~ |000og
Cly |CT2CON|0001- |CT2P |ECT20|STE2 |CT2 |CT2R |CLK2 ‘cu« CLKO
~ |oooog 1 ] ]RES l ‘
C2y [cclo ooy |7 ‘\.6 5 ¥4 FRRR PR 0
C3y CCHO oy |7 |6 Ns 4 \.3 [.2 A 0
Cay Tectr Tooy .&.7 \.e [5 4 1.3 |2 1 0
Csy (CCH1 00 I.? l6 ‘5 4 ‘.3 2 |1 Io
ceH J‘ECL2 00y 1.7 6 4 a2 LA 0
CCH2 100y .7 6 | 5 4 T.s 2 |1 0
ceH T2CON ooy  |TF2 RCLK |TCLK [EXEN2|TRz [z |cP/
2 | RL2
\_ I N ~  DCEN
7 e & %fr %2 7I1 N er o
7 e 3 Lz «.1 0
7 6 * 3 5.2 K Jfo
7 e T . 3 2 14 o
TRPEN‘TRF TRENS | TREN4 THENS\THEN |TRENT TRENO
oy |ac |Fo RSt |Rso [ov lm
D2y [CPL [0oy |7 (& |5 |4 %’ \ o

1) X means that the value is undefined and the Iocatlon 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.

Semiconductor Group
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Table 3
Contents of the SFRs, SFRs in numeric order of their addresses (cont'd)
Addr |Register |Content (Bit7 |Bit6é |Bit5 |Bit4 [Bit3 |(Bit2 |Bit1 |Bit0
after
Reset!)
D3y |CP2H XXXX. |- - - - - - A 0
XX00g
D4y [CMP2L |00y 7 6 5 4 3 2 A .0
D54 [CMP2H [XXXX. |- - - - - - A
XX00g
D6y |CCIE 00 ECTP [ECTC |CC2 CC2 CCH CC1 CCo |CCo
FEN REN FEN REN |FEN REN
D7y |BCON 00n 8CMP |PWM1 |PWMO |EBCE [(BCERR|BCEN {BCM1 |BCMQ
BCEM
D8y |ADCONOIXX00- |- - IADC |BSY ADM  [MX2 MX1 MX0
3 0000 .
D9 |ADDATH |00y 9 .8 7 6 5 4 3 2
DAp |ADDATL [00XX- |.1 .0 - - - - - -
XXXXg
DCp |ADCONT [01XX- [ADCL1 [ADCLO |~ - - MX2 MX1 MXO0
X000g
DE |CCPL OOH‘ 7 .6 .5 4 3 2 A .0
DFy |CCPH 00K 7 6 5 4 3 2 A .0
EO®|ACC 00H 7 6 5 4 3 .2 A .0
E1y [CT1CON (0001- |CTM |ETRP [STE1 |[CT1 CT1R |CLK2 ([CLK1 |CLKO
0000g RES
E2y |COINI FFH COUT |COUT |COUT jCC2l |COUT |CC1l jCOUT [CCol
3! Xl 2 11 0l
E3 |CMSELO |00y CMSEL |CMSEL [CMSEL |CMSEL |CMSEL |CMSEL |CMSEL |CMSEL
13 12 11 10 03 02 01 00
E4y [CMSEL1 [XO0H - - - - CMSEL |CMSEL |CMSEL |CMSEL
23 22 21 20
E5H |CCIR 00y CT1FP |CT1FC |CC2F |CC2R [CC1F |CC1R |CCOF |CCOR
E6y |CT1OFL (00K a 6 5 4 3 2 A .0
E7y |CT10FH |00y 7 .6 5 4 3 2 A .0
FOu2|B 00Q 7 ] 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
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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 4.

Table 4
Timer/Counter 0 and 1 Operating Modes

Mode l'besabﬁon TMOD ~ InputClock
;F Gate | CIT M1 0 lnternal external (max)

0 8-bit timer/counter with a X | fosche . 52 Josclza . 32
d|V|de by-32 prescaler

1 16 bit timer/counter X X ] 1 1»1 fosc/lz Josclaa

2 8- bit tlmer/counter with T X X 0 0 Josclia Josc/2a
8-bit autoreload ;

3 Timer/counter 0 used as one T X | x fosd‘g fosclza
8-bit timer/counter and one
8-bit timer } \

 |vmertstops [ A R S R

In the “timer” function (C/T = ‘0’) the register is incremented every machine cycle. Therefore the
count rate is fosc/12.

In the “counter” function the register is incremented in response to a 1-to-0 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/24. External inputs INTO and INT1 (P3.2, P3.3) can be
programmed to function as a gate to facilitate pulse width measurements. Figure 5 illustrates the
input clock logic.

1
fosc » 12 » fosc/12 \
¢/1 \
T™MOD
o |
P3.4/10 \———/L_M_,, Timer 0/1
X742 N — N S | Input Clock
max /osc/24 b 1 |
TR 0/1 | Control \
‘ TCON [ - : & \ ‘
7 | Gote [ | =1 l
l TMOD | »
P3.2/NTO . . ]
l F’3.3/|NT1 MCS01768
Figure 5

Timer/Counter 0 and 1 Input Clock Logic
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Timer 2

Timer 2 is a 16-bit Timer/Counter with an up/down count feature. It can operate either as timer or as
an event counter which is selected by bit C/T2 (T2CON.1). it has three operating modes as shown
in table 5.

Table 5
Timer/Counter 2 Operating Modes

] T2CON ]szoo] T2CcON | ] | Input Clock
Mode JRXCLK} cP/ ‘ ?E{Remarks . external
or A2 | TR2 } bCEN | EXEN 2 J internal ’ (P1 0/1'2)
TXCLK ‘ \
16-bit ? 0 i Q f 0 f X | reload upon
Auto- J J } overflow )
reload ( o ' o0 1 J I 1 1 | reload trigger foel12 ’ max
‘ [ ’ | (falling edge) | 10%° fosc/24
} 0 0 1 } } X 0 / Down counting
0 J 0 1 1 X 4 1| Up counting
16-bit ‘ o 1 Ty 1 ( 0 X |16 bit Timer/ |
Cap- } J / Counter (only }
ture \ | i ) J / up-counting) 12 max
0 ’ 1 [ 1 1 ‘ L |capture TH2, | fose fosc24
TL2 — RC2H,
} J ] i |RC2L
Baud ’ 1 X 1 T X 0 , X no overflow
Rate / interrupt }
Gene- ( ‘ request (TF2) fosdl? max
rator 10X X 1 L |extra external } osc/e | g 24
J 1 } ' interrupt
! ; (“Timer 2")
oft ] X f X T 0, X X | x Tlmer2 stops

Note: L = i falling edge
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Capture/Compare Unit

The Capture / Compare Unit (CCU) of the C504 is built up by a 16-bit 3-channel capture/compare
unit (CAPCOM) and a 10-bit 1-channel compare unit (COMP). In compare mode, the CAPCOM unit
provides two output signals per channel, which can have inverted signal polarity and non-
overlapping pulse transitions. The COMP unit can generate a single PWM output signal and is
further used to moduiate the CAPCOM output signals. In capture mode, the value of the compare
timer 1 is stored in the capture registers if a signal transition occurs at the pins CCx. Figure 6 shows
the block diagram of the CCU.

i ) |
\ 16-Bit Capture/Compare Unit (CAPCOM) )
. . Mode Trap/Initialization .
Pfgg:H Rgg;;c;' Select Registers Registers ¢ CTRAP (
! (CMSELO, CMSEL1) (COINI/TREN)
Offset Register CC Channel 0 > e - 1% CCO ]
N (CT10FH, CT10FL) (CCHO, cCLo) > » COUTO (
fae/2| | 3 L 21 cc chamer 1 J& w POl > CCl |
g cmz?r‘e & feenr co) » oic > COUTI
| (16-Bit) CC Channel 2 [#— -~ (¢ - —*CC2
(CCH2, CCL2) > » COUT2
T Cntrl. Register T j —?T
‘ (CT1CON) L l R J \
% ;
1 ‘ ‘
10-Bit Compare Unit (COMP) ‘ i \
Period Register \
(CP2H, CP2L) ‘ . \
L 4 1 ! ~
fose /2 % Compare Compare Reg. .
ul (Tl'[)“_egif) " owezn, enPil) | ] e - > couts
i 1
Block R
\ Commutation N INTO
Cntrl. Register | | Control ¢ — INTY
(CT2CON) (BCON) e INT2

NCB02598
Figure 6

Block Diagram of the CCU
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The compare timer 1 and 2 are free running, processor clock coupied 16-bit / 10-bit timers which
have each a count rate with a maximum of fy5c/2 up to fogc/256. The compare timer operations with
its possible compare output signal wavetorms are shown in figure 7.

Compare Timer 1 Operating Mode 0

a) Standard PWM (edge aligned) b) Standard PWM (single edge aligned)
with constant single edge delay

Period . ? ) /j Period
Value Value
Compare
Value Value
OOOOH Offset

:
|
J
f
|
|

Compare Timer 1 Operating Mode 1

a) Symetrical PWM (center aligned) b) Symetrical PWM (center aligned)
with constant edge delay
Period ? _________ Period S
Value Value j‘ \’
Compare %/ . NY__ Compare _ 4‘ s \
Value | \ Value
[ I
OOOOH - ‘/r\ ‘}T Offset « \/ T
| | 7 forr1 Dt 4
[ z | ~—
CCx " CCx i ; |
- ! e | ! T
[ |
COUTx | ‘ I COUTx ' I |
?: Interrupts can be generated NCT02599
Figure 7

Basic Operating Modes of the CAPCOM Unit

Compare timer 1 runs only in operating mode 1 with one output signal of selectable signal polarity
at the pin COUT3.
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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 6. The possible baudrates can be calculated using the
formulas given in table 6.

Table 6
USART Operating Modes

1

| scoN | Baudrate Description
Mode \
FSMO TL sm1

o= n

; '/'050/1/2 B ) Serial data enters and exits through RxD.
( TxD outputs the shift clock. 8-bit are

s \ transmltted/recelved (LSB flrst)
0 ( 1 Timer 1/2 overflow rate | 8- bn UAHT
( \ 10 bits are transmitted (through TxD) o
1’ \ received (RxD)
2 1 { ) Josc/32 O [45c/64 9-bit UART
’ \ 11 bits are transmitted (TxD) or
\ I received (RxD)
3 ‘ 1 \ Timer 1/2 overflow rate \ 9-bit UART
! | \ | Like mode 2 except the variable baud rate
| ]
. Timer 2 \
j Overflow
Timer 1 ’
Overflow PCON.7 T2CON
I —— | Mo/smt (SMOD) (RCLK,TCLK) \
Baud 1
‘ Phase 2 Mode 1, 3 -2 0 0 Rate \
CLK o | Clock
| (=fosc/2) \_—L NS |
—— 1 —e —eo
} Mode 2 1 1 \
\ MCBO2414 \
S |

.

Figure 8
Block Diagram of Baud Rate Generation for the Serial Interface
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The possible baudrates can be caiculated using the formulas given in table 7.

Table 7
Formulas for Calculating Baudrates
- Bahd Rate ' Interface Mode ] o 7 Bat;d;ate S
derlved from L
Oscillator I ] | fosc/12
{ 2 (2999  fosc) / 64
Timer 1 16 bit 1 t|mer I 1,3 (ZSMOD x timer 1 overflow 1 rate) /32
(8-bit timer with 1.3 l (25MOD x fosc) /(32 x 12 x (256-TH1))
8-bit autoreioad) J
T|mer 2 1.3 1 tosc / (32 x (65536 (RC2H RC2L))
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10-Bit A/D Converter
The C504 has a high performance 10-bit A/D converter (figure 9) with 8 inputs included which uses
successive approximation technique for the conversion of analog input voltages.

.
Internal

IENT (A9) Bus

(-] -—1ECT1JECCMIECUIECEM[ e oock ;Jll

PTANA (30y) \

T [T [ [a[on]om] - J]

P3ANA (BOy) |

[:{~ l - ]EAWIEANSIEANS,EAM} - r~ ’ T \1

ADCON' (0C41)

\
IADCLIIADCLO' - l - ] - Isz ] MX1 ] MX0 ]( : DJ
T ‘ ‘ T

|
|
o
\
o
; o
[ ‘ ADCONO (D8yy) H l
|:|—I~—LIADC[BSYlADM1MXﬂMX1|MXO|<"’,’)H {
|
| | \ o NN - H |
. | \ \ | 1 b \ ADDATH ADDATL || ]
* | \ \ | | | \ \ I ey (D3y) (DAW) M ‘
\ \ ‘ \ ‘ I »{ Continuous 2 H ‘
| \ | | | ] ‘ ‘ Mode i = \
Port 1/3 M,; SRS VI B P — H ?
v A/D Converter :8 e \ :
fosc/2 4 o] EE}EE'%’A Conversion Clock fipe | hf\SB f]? ] ‘ %
‘ — Input Clock fy J M
, | |
5}«’?[!’ B : )\ \ l
TS?GH of ‘ l
Conversion \
|
D Shaded bit locofions are not used in ADC-functions. X’ISBZTLO :}nJ:rnul $
Figure® S

A/D Converter Block Diagram
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The A/D converter uses two clock signals for operation : the conversion clock fapc (= 1/ topg) and
the input clock fiy (= 1/ ). Both clock signals are derived from the C504 system clock fogg which
is applied at the XTAL pins. The duration of an A/D conversion is a multiple of the period of the fiy
clock signal. The table in figure 10 shows the prescaler ratios and the resulting A/D conversion
times which must be selected for typical system clock rates.

— -

ADCL1¢ £ADCLO

i f; 2
M‘"HF* +32
—» 216 Conversion Clock f,
MUX | —— ADC
{ +8
= Converter
Clock Prescaler
Input Clock f,
e mpu MG A
Condifions: fupcmas < 2MHz  fiy = (O5C = !
2 Uy MCS02617
Mcu System Clock | fiy { Prescaler ] fapc | A/DConversion
3.5 MHz 1.75 +4 0 o] .438 48 xtyy=27.4
12 MHz 6 +4 0 0 1.5 48 xtyy=8
16 MHz 8 +4 0 0 2 48xty=6
s R (O [P ANT D
24 MHz 12 +8 0 1 15 96 xtyy =8
32 MHz 16 +8 1 2 g6 xty=6
40 MHz 120 +16 1 0 1.25 192 x t)y = 9.6

Figure 10
A/D Converter Clock Selection

The analog inputs are located at port 1 and port 3 (4 lines on each port). The corresponding port 1
and port 3 pins have a port structure, which allows to use it either as digital I/Os or analog inputs.
The analog input function of these mixed digital/analog port lines is selected via the registers
P1ANA and P3ANA,
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Interrupt System

The C504 provides 12 interrupt sources with two priority levels. Figure 11 and 12 give a general
overview of the interrupt sources and illustrate the interrupt request and control flags.

N Low Priority l
Timer 0 Overflow 70y oo m | = T
TCONS 1773 PTO
JEND.T P01
Py
‘ Timer 1 Overflow TF1 o o] |
M ST PT1
Timer 2 Overflow 2y IENO.3 IP0.5
T2CON.7 ‘ >1 - - « 1 ™
Pi1/ 0028, o >
wi/ AN | B2 i P12
T2EX L
ezl (20N IEND.5 1P0.5
T2CON.3 |
- 21 5| eS| ] ™
USART SCON.0 ° 0023:‘ o 1
‘ £S PS
5 SO IENC.4 1P0.4 |
P3.2/ '/0 ’ 21
INTO o f 0y |5 [oe%] L]
o T TCON. 1 0003 4 |7
oo | TCoN0 1 X0 PX0
: IENO.O 1P0.0

p

ITCON.1

P

P3.3/ « | } >1 -
INT1 o -;[1 o) o] | ™
T ! f TCON.3 0013y ~ "
oo | TOoN-2 ‘ . EX1 PX1
’ —\- ; IEND.2 1PQ.2
ITCON.3
A/D Converter o (] || ™
ADCON.5 0043y = |7
‘ ’ EADC PADC
[ sit adaressabte N0 Y Pro
' ‘ IENO.7
D Request Flag is cleared by hordware MCS02576

Figun:; ﬁ
Interrupt Request Sources (Part 1)
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|
T ./O PR
P3.6/WR/INT2 o f 211! [ '/i
2 T ; ITCON.6 0048y
ITCON.4 EX2 PX2
ITCON.7 ‘
l,'\_ IENT.1 P11
/ ITCON.5
- >
e CCCC](;RO CEO/REN
PL2/AN2/CCO*T Y oo
3 AN [ecor CEO/FEN =
= CCIR.A
5 .
£ CCIED.1
£ S [eer] { e
g CCIREN
= ‘ CCIR.2
@ P1.4/CCH CCIED 2 5| et ] L
2 0083y, °
£ 1\ o ECCM PCCM
< CCR3 LCCIFEN [EN1.4 IP1.4
g CCIEO.3
Q.
8 A AN [ee] e
Toma  LCCZREN
P1.6/CC2 I CCIED.4
| o] |«
RS LCC2EN
CCIED.5
HerirelHo o
Compare Timer 1 CeiR7 ECTP ‘ 1 Lo ol
Inferrupt CCIE.7 0068, <]
ﬁ ECT1 PCT
L)
J CTire : ENT.5 P15
CCORG  [Fore
Compare Timer 2 ccies ]
Interrupt I L d gl &gOH ot
CT2CON-7 IeeTz PCIZ
L I Cal B TENT.3 P13
CCU Emergency TROON-6 7P L > ol le) 1
| Inferrupt CTICON.6 0053 °
i ECEM PCEM
i BCERR] |e ot
D Bit addressable Beon3 IENT.2 1P1.2
I Request flag is ' EBCE £A
cleared by hardware BCON.4 IEN1.2
Figure 12
Interrupt Request Sources (Part 2)
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Table 8

Interrupt Vector Addresses

Request Flags Interrupt Source Jﬁ:tor Address
IEO External interrupt O 0003
TFO Timer 0 interrupt 000BH
IE1 External interrupt 1 00134
TF1 Timer 1 interrupt 001By
Ri+TI i Serial port interrupt 0023
TF2 + EXF2 Timer 2 interrupt 002BH
IADC A/D converter interrupt 00434
IE2 External interrupt 2 004B
TRF, BCERR CAPCOM emergency interrupt 0053
CT2P Compare timer 2 interrupt 005By
CCOF-CC2F, CCOR-CC2R Capture / compare match interrupt 006314
CT1FP, CT1FC Compare timer 1 interrupt 006B
- Power-down interrupt 007By

A low-priority interrupt can itself be interrupted by a high-priority interrupt, but not by another low-
priority interrupt. A high-priority interrupt cannot be interrupted by any other interrupt source.

If two requests of different priority level are received simultaneously, the request of higher priority is
serviced. If requests of the same priority are received simultaneously, an internal polling sequence
determines which request is serviced. Thus within each priority level there is a second priority
structure determined by the polling sequence as shown in table 9.

Table 9
Interrupt Source Structure

I—nterrupt Source S Prior@uﬁr o
High Priority I Low Priority |

External Interrupt 0 A/D Converter High h

Timer 0 Interrupt External Interrupt 2

External interrupt 1 CCU Emergency Interrupt

Timer 1 Interrupt Compare Timer 2 Interrupt

Serial Channel Capture / Compare Match Interrupt

Timer 2 Interrupt Compare Timer 1 Interrupt Low
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Fail Save Mechanisms
The C504 offers enhanced fail safe mechanisms, which allow an automatic recovery from software
upset or hardware failure.

— 15-bit reloadable watchdog timer

— Oscillator Watchdog

Watchdog Timer

The watchdog timer in the C504 is a 15-bit timer, which is incremented by a count rate of either f5,c/
12 or fevee/32. From the 15-bit watchdog timer count value only the upper 7 bits can be
programmed. Figure 5 shows the block diagram of the programmable watchdog timer.

0 7
fosc /12 | 29 f e b—
. M—‘ —] WOTL - —
[ |
14 8
WOT Reset-Request

« : - B e WDTH
‘I WDCON(COp)

[ 1 ] [owos]wors] wor [swor ﬁ
>
1 o

WOTREL

Contro! Logic

__ External HW-Reset T

MCS01771

Figure 13
Block Diagram of the Programmable Watchdog Timer

The watchdog timer can be started by software (bit SWDT in SFR WDCON), 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. The reset cause (external reset or reset caused by the watchdog)
can be examined by software (status flag WDTS in WDCON is set). A refresh of the watchdog timer
is done by setting bits WDT (SFR WDCON) and SWDT consecutively. This double instruction
sequence has been implemented to increase system security.

It must be noted, however, that the watchdog timer is halted during the idle mode and power down
mode of the processor. Therefore, it is possible to use the idle mode in combination with the
watchdog timer function.
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Oscillator Watchdog
The oscillator watchdog of the C504 serves for three functions :

— Monitoring of the on-chip oscillator's function

The watchdog supervises the on-chip ascillator's frequency; if it is lower than the frequency
of an auxiliary RC oscillator, the internal clock is supplied by this RC oscillator and the C504
is put into reset state; if the failure condition again disappears, the part executes a final reset
phase of typ. 1 ms in order to allow the oscillator to stabilize; then the oscillator watchdog reset
is released and the part starts program execution again.

Fast internal reset after power-on

The oscillator watchdog unit provides a clock supply for the reset before the on-chip oscillator
has started. The oscillator watchdog unit also works identically to the monitoring function.
Control of external wake-up from software power-down mode

When the power-down mode is left by a low level at the INTO pin, the osciliator watchdog unit
assures that the microcontroller resumes operation (execution of the power-down wake-up
interrupt) with the nominal clock rate. In the power-down mode the RC oscillator and the on-
chip oscillator are stopped. Both oscillators are started again when power-down mode is
released. When the on-chip oscillator has a higher frequency than the RC oscillator, the
microcontroller starts operation after a final delay of typ. 1 ms in order to allow the on-chip
oscillator to stabilize.

l EWPD Power-Down ‘
(PCON1.0) Mode Activaled
\ v |
» b N . Power—Down Mode
p3.2/, | Control ,| Control Wake-Up Interrupt
INTO Logic Logic o » Internal ‘
l \ Reset ‘
‘ Start/ T
l Stop \ ]
e [0t [ !
\ Oscillator | fac . f ' ‘ 1
;yahz Frequency hef) \ \
‘ Comparator T Delay 2! \ |
Start/ \ f I \
XTALY jmp \ \ ’ 7 \ |
° OnjChip ’

XTAL? o Oscillator \ # WDCON (COy) \ l
| D 5 B |
| Im —

\ I R

~ + » Internal
} o Clock |
[ MCB02578 \

. N J— - - . -]
Figure 14

Block Diagram of the Programmable Watchdog Timer
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Power Saving Modes

Two power down modes are available, the idle mode and power down mode.

— In the idle mode the oscillator of the C504 continues to run, but the CPU is gated off from the
clock signal. However, the interrupt system, the serial port, the A/D converter, and all timers
with the exception of the watchdog timer are further provided with the clock. The CPU status
is preserved in its entirety: the stack pointer, program counter, program status word,
accumulator, and all other registers maintain their data during idle mode.

— In the power down mode, the RC oscillator and the on-chip oscillator which operates with the
XTAL pins is stopped. Therefore all functions of the microcontroller are stopped and only the
contents of the on-chip RAM, XRAM and the SFR's are maintained. The port pins, which are
controlled by their port latches, output the values that are held by their SFR's.

Table 10 gives a general overview of the power saving modes.

Table 10
Power Saving Modes Overview

Wake upfrom power

down SFR’s are maintained;

Mode IEntering [ Leaving by ‘ Remarks
2-Instruction }
’ Example /
|d|e mode ORL PCON #O1H f Ocurrence of an CPU clock is stopped
ORL PCON, #20H interrupt from a  CPU maintains their data;
J ‘ penpheral unit peripheral units are active (if
} Hardware Reset "~ enabled) and provided with
' clock
Power Down ORL PCON #02H I Hardware Reset Oscillator is stopped;
Mode ' ORL PCON, #40H contents of on-chip RAM and
|

In the power down mode of operation, V. can be reduced 10 minimize power consumption. It must
be ensured, however, that V. is not reduced before the power down mode is invoked, and that V.
is restored to its normal operating level, before the power down mode is terminated.

The idle mode can be terminated by activating any enabled peripheral interrupt or by resetting the
C504. The power down mode can be terminated using an interrupt by a short low pulse at the pin
P3.2/AN4/INTO or by resetting the C504. It a power saving mode is left through an interrupt, the
microcontroller state (CPU, ports, peripherals) remains preserved. If a power saving mode is left by
a reset operation, the microcontrolier state is disturbed and replaced by the reset state of the C504.
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Absolute Maximum Ratings

Ambient temperature under bias (T5) .......cccovirreiiiiiiii e 0Cto+70°C
Storage temMPEratlre (Tgr) .o oveever oottt ettt -65Cto+150°C

Voltage on V. pins with respect to ground (Vsg) ..o -05Vto65V
Voltage on any pin with respect to ground (Vss) ........ .—05VtoV, +05V
Input current on any pin during overload condition..............cccccooeecvcii . -10mAto + 10 mA
Absolute sum of all input currents during overload condition .......................... | 100 mA |

Power diSSIPALION ..o e TBD

Note:

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent
damage of the device. This is a stress rating only and functional operation of the device at
these or any other condjtions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for longer
periods may affect device reliability. During overload conditions (Vi > Vo or Vi, < V) the
Voltage on V. pins with respect to ground (V) must not exceed the values defined by the
absolute maximum ratings.
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DC Characteristics
Vee =25V + 10%, — 15%; Vg =0V

T,=01070°C

Ty=—401t0 85 °C
Ty=-4010 110 °C
T,=- 4010 125 °C

for the SAB-C504
for the SAF-C504
for the SAH-C504
for the SAK-C504

Parameter lelt Values o Un\n T:sﬁaﬂo?
min max.
lnput low voltage (except EA 02 V- |V -
RESET, CTRAP)
Input low voltage (EA) -
Input low voltage (RESET, 5 -
CTRAP)
Input high voltage (except XTAL1 02Vee+ | Vee+05 |V -
RESET and CTRAP)
lnput hlgh voltage to XTAL1 0.7 Ve Vec + 0.5
Input high voltage to RESET and ] Vie 0.6 V. Vec + 0.5
CTRAP +
Output low voltage (ports 1, 2, 3 Voo - 0.45 lop=1.6mAM
COUT3)
Output low voltage (port 0 ALE Vour - 0.45 \ Ioy=3.2mAM
PSEN) L i
Output high voltage (ports 1, 2, 3) | Vo, 2.4 - V. |lo=—80pA,
0.9 Ve - low=—10 pA
Qutputhigh voltage (ports 1,3 pins | Vi, 0.9 Ve - \% fon = — 800 pA
in push pull mode and COUTS)
Output high voltage (port 0 in Vore 2.4 - A Ioy =— 800 pA 2,
external bus mode, ALE, PSEN) 0.9 V¢ - fon=—80pA?2
Loglc 0 mput current {ports 1, 2 3) I -10 - 50 HA Il Vn=0.45V
Logical 1-to-0 transition current In -65 - 650 HA ' Vwn=2V
(ports 1,2, 3)
Input leakage currenl (port 0,EA) |1, - 1 A 0.45 < Vi < Ve
Pin capacutance Cyo - 10 pF |f.=1MHz,
TA =25°C
Overload current B loy - t5 mA 08
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Parameter O Symbol Limit Values T unit \ Test Condition
typ. *  Ime max.
Power supply current *
Active mode, 12 MHz 4 loc ! 16 TBD mA | V=5V, %
Idle mode, 12 MHz lec 8 TBD mA | Vee=5V,9
Active mode, 24 MHz ¥ | [ 25 TBD mA | V=5V, 4
Idle mode, 24 MHz ® ) Iee 113 TBD mA | Vec=5V,9
Active mode, 40 MHz 4 lec 38 ( 78D mA | V=58V, %
ldle mode, 40 MHz lec \ 17 [TBD mA [ Vee=5V,9
Power-down mode [ho |1 |50 [ HA | Voe=2.65V

—

Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the V, of ALE
and port 3. The noise is due to external bus capacitance discharging into the port 0 and port 2 pins when these
pins make 1-to-0 transitions during bus operation. in the worst case (capacitive loading > 100 pF), the noise
pulse on ALE line may exceed 0.8 V. In such cases it may be desirable to qualify ALE with a schmitt-trigger,
or use an address latch with a schmitt-trigger strobe input.

n

Capacitive loading on ports 0 and 2 may cause the Vg, on ALE and PSEN to momentarily fall below the
0.9 V¢ specification when the address lines are stabilizing.

3) /o (power-down mode) is measured under following conditions:
EA =Port0 = V. ; RESET = Vg5 : XTAL2 = N.C.; XTALT = Vg ; Vagnp = Vs ; all other pins are disconnected.
4} Ioc (active mode) is measured with:

XTAL1 driven with oo fopoL =5 NS V)L = Vgg + 0.5V, Vi = Ve —~ 0.5 V; XTAL2 = N.C,;
EA = Port0 = Port1 = RESET = V¢ ; all other pins are disconnected. /cc would be slightly higher if a crystai
oscillator is used (appr. 1 mA).

&

Icc (idle mode) is measured with all output pins disconnected and with all peripherals disabled,;
XTAL1 driven with 1o oy fopeL =5 N8, V) = Vg + 0.8V, V= Ve — 0.5V XTAL2 = N.C;
RESET = EA = Vg ; Port0 = V¢ ; all other pins are disconnected.

6) Icc max @t other frequencies is given by:
active mode:  TBD
idle mode: TBD
where foqc is the oscillator frequency in MHz. I values are given in mA and measured at Voo =5 V.

o

Overload conditions occur if the standard operating conditions are exceeded, i.e. the voltage on any pin
exceeds the specified range (i.e. Voy > Ve + 0.5 V or Vgy < Vgg — 0.5 V). The supply voltage Ve and Vsg
must remain within the specified limits. The absolute sum of input currents on all port pins may not exceed 50
mA.

8) Not 100 % tested, guaranteed by design characterization.

9) The typical /¢ values are periodically measured at 7y = +25 'C but not 100% tested.
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A/D Convenrter Characteristics

Voe =5V + 10%, — 15%; Ves = 0V
4V € Viaper < Ve + 0.1 V;
Ves = 0.1V S Vagno < Vg + 0.2 V;

T,=01070°C
Ty=—-401085°C
Ta=-4010110°C
Ty=—-4010125°C

for the SAB-C504
for the SAF-C504
for the SAH-C504
for the SAK-C504

C504

Prescaler +4 2

Prescaler +4 9

Paraméter Symbo| Llrﬁ;Values JUmt Fest Condmon
min. ‘

Analog input voltage Van Vacno Y [ "

Sample time Is - 64xty |Ns TPrescaler +32
32 X 1y Prescaler + 16
16 X Prescaler + 8
8 X 1y

Conversion cycle time tance - 384 x1y |Ns Prescaler + 32
192 X 1y Prescaler + 16
96 X 1y Prescaler + 8

4 4B Xty
Total unadjusted error | Te - +2

_ +4 ,LSB'VSS<V,N<VSS+05V
- I Voc =05V <Viy<Vge
Internal reS|stance of RAREF - taoc / 250 | kQ fapc i [ﬂSI S8l
reference voltage source g -0.25
Internal resistance of Rigre |- 1s/500 |kQ |tsin[ns] 29
analog source -0.25
ADC input capacitance | Cay - 50 pF |®
Notes see next page.
Clock calculation table :
ClockPrescaler | ADCL1,0 |tapc  |ts  |tapcc
Ratio
+32 1 1 32 x th 64 x t|N 384 X th
+16 10 |16xty |82xty 192xt|N
+8 0 1 8xtN 16Xt|N 96Xt|N
w4 [0 0 faxtn [8xtn  |48XtN

Further timing conditions : tapc min = 500 ns

tin=2/1osc=21tcLoL
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Notes:
1) Vany may exceed Vagnp ©F VAREF up to the absolute maximum ratings. However, the conversion result in
these cases will be X000y or X3FFy, respectively.

0

During the sample time the input capacitance Cayy can be charged/discharged by the external source. The
internal resistance of the analog source must allow the capacitance to reach their final voitage ieve! 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 resuit and the time for the
calibration. Values for the conversion clock tapc depend on programming and can be taken from the table on
the previous page.

=

Typistested at Vagpp = 5.0V, Vagnp =0 V, Voo =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 not selected 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.

o

During the conversion the ADC's capacitance must be repeatedly charged or discharged. The internat
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.

6) Not 100 % tested, but guaranteed by design characterization.
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AC Characteristics for C504-L / C504-2R
Ve =5V + 10%, ~ 15%; V’SS =0V

T,=01t070°C
To=—401085°C
T,=-4010110°C

T,=-40t0125°C

for the SAB-C504
for the SAF-C504
for the SAH-C504
for the SAK-C504

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

Program Memory Characteristics

Parameter Syrﬁbol i  Limit Values ~ lunit
12-MHzclock |  Variable Clock
} 1fte o = 3.5 MHZ to
12 MHz
min. T manx. B
ALE pulss widh "‘ T o0 = |me
A?idTess setup to ALE 7CL‘CL7jl'1F - \7?‘
Address hold after ALE tae-23 |- ns
ALTE low to;z;lid mst?m§ - fw _ At~ 100 | ns
ALEoPSEN  ltee | Treo=25 |- ms
PSENpuisewidth | o B =35 |- los
PSEN to valid instr in- T e - 3teio - 100 | ns
Input instruction hold after PSEN | fpex | ﬁ‘ I P
@&E@i{ - les |- e —20 |ns
Address valid after PSEN toxav ) 175 - tocl— 8 - ns
/_Gdress to validrﬁstr in - tavi - 302 - St — 115 1 ns
Address float to PSEN IaziL To 12 7o - ns

bl
cause any damage to port 0 drivers.
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SIEMENS Ccs04
AC Characteristics for C504-L / C504-2R (cont'd)
External Data Memory Characteristics
Parameter ~ |Symbol|  Limitvalues | Unit

12-MHzclock |  Variable Clock |

1tec = 3.5 MHz to
12 MHz
min.  [max. |

RD puls,e width 6rCLCtj1E)O I P
WR pulse width  Blae 10|~ Ins
Address hold after ALE N0 =53 |- ns
AD to valid data in ey - Slcc - 165 | ns
Datahold after RD o - s
Data float after RD - laa-70 [ns
ALE to valld data in o - 8fcm 150 ns ;

Address to valld data in

ALE to WR or RD
Address valid to WR or RD

WR or RD hlgh to ALE hlgh

%m1%

Data vahd to WH transmon

Data setup before WR
Data hold after WR

Address ﬂoat after RD

External Clock Drive

Parameter | Symbol
Oscillatorperiod i |
High time - )—70:'”
Low timreﬁ ] fcich

ﬁise time - ,’TCLcHg
Falltime o

Semiconductor Group

Bt — 50 3ICLCL +50 |ns
ﬁ_ wq_ et
3 |lac-40 |l +40 Ins
- lw-50 |-  ns
Tt -150= Ins
I Ins
e e s
"~ lmitvawes  Jumt
- TIE’IabIe Clock -
Freq 3 5 MHz to 12 MHz
min. max.
o BN Ui S
833 NIL.
20 loefaex | ns
20 terer = ferex ns
- 2o e
SR R
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AC Characteristics for C504-L24 / C504-2R24

Ve =5V + 10 %, — 15 %: Ves =0 V T,=0to70°C for the SAB-C504
T,=-40t085°C for the SAF-C504
(C, for port 0, ALE and PSEN outputs = 100 pF; C_for all other outputs = 80 pF)

Program Memory Characteristics

Parameter 7 Syr;TbBI lgi lelt valuess Unit

24-MHzclock |  Variable Clock |

1/tec = 3.5 MHz to
24 MHz

min. |max. |min.  |max. |
ALE pulse width o 143 1= l2tgm-40 |- ns
Address setupatic;ﬁ ' o ,,’,AVLL 17 - terol — 25 - ns
Address hold after ALE o z@rx 7 |- :«L‘m 25 |- ns
ALE Iow to valid instr in fow 80 - 4t — 87 |ns
ALEto PSEN e T Tee-20 |- 'ns
PSEN pulse width  |tmen |95 |- 3o - 30 |- ns
PSEN to valid instr in o - 60 |- 3tcc —65 | ns
Input instruction hold after PSEN  [fxx |0 - 0 - ns
Input instruction ﬂoéi&?ér?SEiN Tz 1= 132 1= lia-10 |ns
Address valid after PSEN o Wr;w T37” - w5 |- ns
Address to vahd instr ln o favv - i48 - » NH;C‘LCL -60 |ns
AddresAs'ﬂoat to PSEN TazpL ; 0%— o L ] —;_ ns

) Interfacing the C504 to devices with float times up to 37 ns is permissible. This limited bus contention will not
cause any damage to port 0 drivers.
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AC Characteristics for C504-L24 / C504-2R24 (cont'd)
External Data Memory Characteristics

Parameter - ?w\tg - Limit Values o Unit
24-MHzclock |  Variable Clock |
1teicL = 3.5 MHZ to
- jﬁn’#,“ﬁ MHz N

o | jmin [max_min.max. |
RD pulse wudth TrLan 180 - BrCLCL - 70 - ins
WR pulse width w180 |— Bloic — 7"67?  ns
Addressholdatter ALE  lhwe |56 |- |2t0q-27 |- Ins
RD to valid data in llnmv - e - Etc; 90 |ns
DataholdafterRBD  |fmox |0 jo = es
Datafloatafter BD | fmoz 7"’%7"”"83"”’ — [ 2qa-20 |ns
NEovaigsoain o - 200 g1 ns
Address to valld data in {avoy - 220 - oo — 155 | ns
ALE to WR or RD w75 1175 |31~ 50 | 3tee +50 | ns
Addressvaldto WR et |- aea-97 = lns
WRorRD highto ALE high  |fwws |17 |67 ”“}E'zsk FTCTCL E- Tns
Data valid to WR transiton s - 37 |- S
Datarsretup before WR -
Dataholdafter WR
Address float after HD

External Clock Drive

Parameter Symbol Limit V-alues o Unit
~ VariableClock
Freq. = 3.5 MHz to 24 MHz
min max. L
Oscillator period folel 7T41.7 294 R
High time ' e (120 |l -taex |0
Lowtime foex 12 Terel — fonex
Rise time T e |- e
T U S
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AC Characteristics for C504-L40 / C504-2R40

Vee=5V +10%, —15%; Ves =0V 7,=01070°C for the SAB-C504
7,=-401085°C for the SAF-C504

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

Program Memory Characteristics

Parameter lsymbol | Limit Values Unit

40-MHz clock Variable Clock |

te o = 3.5 MHz to
40 MHz

kmiin. max. 'min.ﬂ - Wmaxi.m'
ALE pulse width 35— |2tqa-15 |- |ns
PEFess setup to ALE - ,[:VL,L 10 - 'mcLi 1'75 - ' ns
Address hold after ALE |10 - fac—15 |- |ns
ALE IoWEgi\/ﬁaﬁiid ihstr in o EN ' - 55 - o 4;;LCL—4§ Ins
ALEto PSEN B R R lac—15 |- |ns
PSEN pulse width e |80 |- |Bge-15 |- lns
PSEN to valid instr in e |- 25 |- 814 -50 |ns
Iant instruction hold after Eﬁ . I t;;x.;ﬁw 6 B 0 a - 7 rTs
Input instruction float after PSEN | gz ? |- |20 =  liqa -5 |ns
Addresisi/éliird after@ o Toxav ! VLZO - ICLciL—VSV - nsr 7
Address to v'alidﬁinstrin - t;.v - 65 - 7 SICLVCLW— 60 :nsi
Address floatoPSEN  jiew -5 = -5 |- [ns

1 Interfacing the C504 to devices with float times up to 25 ns is permissible. This limited bus contention will not
cause any damage to port O drivers.
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AC Characteristics for C504-L40 / C504-2R40 (cont'd)

External Data Memory Characteristics

Parameter

RD puise width

WR pulse width

Address hold after ALE
H_Ditc;\rlalid data in

Data hold aiterﬁ_b '

b;ata float after H_D

ALE to valid data in
Address toﬂvalid data in
ALE to WR or RD

Addféss valid to W

WR or RD high to ALE high
Data valid to WR transition
Déta setﬁp beféré W :

Data hdla after»W—Rw

External Clock Drive

Parameter

Osé@or period
I-Eh time
Lowtime
Fﬁse time

l;aH time

Semiconductor Group

| symbol

Limit Values
40-MHz clock W”’\ila'riirable Clock
tc e, = 3.5 MHz to
40 MHz
min. “ max. min. max.
TaLrn 120 - 6fcc —30 |-
Lo wh 120 - Blcic —30 .-
ILLAVX? 35 - 20 -15 |-
oy - 75 - Bleie — 50
’nHéxﬁr o] . . o] - 7
foz |- 38 |- g — 12
fov |- 150 |- 8fc,c. — 50
Lavoy - 150 - Olciel — 75
w60 |90 | Bige 15 | Bige + 15
: Lavwi 70 - A5 —30 -
Lwnin 10 40 toier — 15 torel + 15
Tauwx 5 - Ieiol — 20 -
fovn | 125 |- Tlewe =50 |-
’wr@( 5 - ool — 20 i—
’RL/;Z - 0 - 0
Symbol | Limit Values
Vériable Clock 7
Freq. = 3.5 MHz to 40 MHz
min. [ max -
et |25 - 294
Terex 10 leLol — iCLCX
lewex - 10 ) 7[CLCL - fcr;c; .
leweh - 10
lowol |- 10
42
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Unit

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns
ns

ns

ns

Unit

ns
ns
ns
ns

ns
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fexav
oz 1%

Foxix ‘T
) S e

Porid ‘>-—0‘ AO-AT Insir.IN
- ’mv -

Port2 Xi AB-A'S X A8-415
i !
L NMCTD0096
Figure 15
Program Memory Read Cycle

~ o [
s [T\ h [
PSEN ‘ \ /
f - fioy =
= o m lgn "l
RD \ /

" [T

sz [*
-

frrioz [

- -

famox

AD-A7 from
Porio :>_( R or DPL W)()

Dat

o N AD-A7 Instr.
from PCL IN

Thvw -

,AVUV

Port2 F2.0-P2.7 or

S

AB-A15 from DPH

AB-A15 from PCH

X

)

Figure 16
Data Memory Read Cycle
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- ’wmn -
PSEN / \
- Fuw == Twiwn =
WR
|
- =ty
T - Ao
= ik g l
/ova -
[ AC-A7 from ‘ AO-A7
Porld :)-{ R o DPL . Data OUT XX from PCL Instr.N
-~ /AVWL '\
Port2 x P2.0-P2.7 or A8-A15 from DPH x AB-A15 from PCH
U
MCT00098
Figure 17
Data Memory Write Cycle
- — Teel —

Toex  * L fenex —} MCT00033

Figure18
External Clock Cycle
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C504

ROM Verification Characteristics for C504-2R
ROM Verification Mode 1

Parameter  [symbol| " Limit Values Unit
7|"n’|n o B n{ax o T
Addresstovaliddata  |fwav |- LSICLCL 77777777 s
ENABLE to vaﬁtj data 7ELOV - o 48;CLCL i ns N
Data float after ENABLE ez O ” 48:CLCL ns
Oscillator frequency | Viae |4 "]Lé% MHz

P1.0-P1.7 > _<
P2.0-P2.4 ——< Address

l/
o avay

Port0 Data OUT

P2.7
ENABLE
MCT00049
Address: P1.0~P1.7=A0-A7 Inputs: P2,5-P2.6, PSEN=¥;s
P2.0~P2.4=AB-A12 ALE, EA= Vy
Data: P0.0-P0.7=D0-D7 RESET = Wy

Figure 19 i
ROM Verification Mode 1
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ROM Verification Mode 2

Para”rrﬁéterw ' Symbol
| min
ALE pulse width e |-
ALE period Tov -
Datavalidafter ALE ~ |fow
Data sitrr;ble after AL”EWW osa
P3.5 setup to ALE low las -
Oscillator frequency 7 Hicie {4
’ACY

C504

Limit Values ~ Tunit
typ max.

2 lac - ns
12 ’C’LCL |- - rgl
- larga ns
~Z “ns
[ fewot - \ ns
7#—7 7 ) 6 o MHz

E | fosa
fova =

\

Port 0 £ dato Volia { :7 ‘
Tas \

P3.5 N\ ‘
MCT02613 \

l
Figure 20
ROM Verification Mode 2
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Vee=0.5V
€« 0.2 Ve +0.9
~~

> Test Points

“0.2V,.-0.1
0.45V

MCT00039
AC Inputs during testing are driven at V.. — 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 21
AC Testing: Input, Output Waveforms

\ /,\ Von—0.1V

- Timing Reference .
“/ Vo +0.1V

Points
NCT00038

Vload

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/Vy, level occurs.
Io/lon 2+ 20 mA

Figure 22

AC Testing : Float Waveforms
Crystal Oscillator Mode Driving from External Source
c External Oscillator
Signal
‘ " * XTAL1 XTAL1
L
3.5-40MHz—1
- c
N.C.
” XTALZ XTALZ
} C=20pF Lt 10pF
(incl. stray capacitance) MCS02579

Figure 23
Recommended Oscillator Circuits for Crystal Oscillator
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Package Outlines

iCl ? TI
03"°% . |02 MA-BIDIC/44x

= 82] = oo RBD44x

1) Does not Include plastic or metal protrusion of 0.25 max. per side 8
g
=
a
S _. _ G
Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.
SMD = Surtaes Molnted Device Dimensions in mm
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