SIEMENS

High-Performance
8-Bit CMOS Single-Chip Microcontroller SAB 80C515/80C535

Preliminary

SAB 80C515/80C515-16 CMOS microcontroller with factory mask-programmable ROM
SAB 80C535/80C535-16 CMOS microcontroller for external ROM

e 8K x8ROM (SAB 80C515 only) e Boolean processor
e 256 x8 RAM e Most instructions execute in 1 ps (750 ns)
e Six 8-bit /0O ports, one input port for e 4 us (3 us) multiply and divide
digital or analog input e External memory expandable up to
e Three 16-bit timer/counters 128 Kbytes
e Highly flexible reload, capture, compare e Backwardly compatible with SAB 8051
capabilities e Functionally compatible with SAB 80515
e Full-duplex serial channel ¢ Idle and power-down mode
e Twelve interrupt vectors, four priority e Plastic leaded chip carrier package:
levels P-LCC-68
e 8-bit A/D converter with 8 multiplexed e Plastic Metric Quad Flat Package
inputs and programmable internal P-MQFP-80
reference voltages e Two temperature ranges available:
e 16-bit watchdog timer 0to70°C (for 12, 16, 20 MHz)

—401t085°C (for 12, 16 MHz)

The SAB 80C515/80C535 is a powerful member of the Siemens SAB 8051 family
of 8-bit microcontrollers. It is designed in Siemens ACMOS technology and is functionally
compatible with the SAB 80515/80535 devices designed in MYMOS technology.

The SAB 80C515/80C535 is a stand-alone, high-performance single-chip microcontroller
based on the SAB 8051/80C51 architecture. While maintaining all the SAB 80C51 operating
characteristics, the SAB 80C515/80C535 incorporates several enhancements which
significantly increase design flexibility and overall system performance.

In addition, the low-power properties of Siemens ACMOS technology allow applications where
power consumption and dissipation are critical. Furthermore, the SAB 80C515/80C535 has
two software-selectable modes of reduced activity for further power reduction: idle and power-
down mode.

The SAB 80C535 is identical with the SAB 80C515 except that it lacks the on-chip program
memory. The SAB 80C515/80C535 is supplied in a 68-pin plastic leaded chip carrier package
(P-LCC-68) or in a plastic metric quad flat package (P-MQFP-80).

There are versions for 12, 16 and 20 MHz operation and for 16 MHz operation and for extended
temperature ranges — 40 to 85 °C. Versions for extended temperature range — 40 to + 110 °C
are available on request.
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SIEMENS

SAB 80C515/80C535

Ordering Information

Type Ordering Package Description
Code 8-Bit CMOS Microcontroller

SAB 80C515-N Q 67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
12 MHz

SAB 80C535-N Q 67120-C0508 |P-LCC-68 |for external memory, 12 MHz

SAB 80C515-N-T40/85 Q 67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
12 MHz
ext. temperature —40to + 85 °C

SAB 80C535-N-T40/85 Q 67120-C0510 |P-LCC-68 |for external memory, 12 MHz
ext. temperature — 40 to + 85 °C

SAB 80C515-16-N Q 67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
16 MHz

SAB 80C535-16-N Q 67120-C0509 |P-LCC-68 |for external memory, 16 MHz

SAB 80C535-16-N- Q 67120-C0562 |P-LCC-68 |for external memory, 16 MHz

T40/85 ext. temperature — 40 to + 85 °C

SAB 80C535-20-N Q 67120-C0778 |P-LCC-68 |for external memory, 20 MHz

SAB 80C535-M Q67120-C0857 |P-MQFP-80 |for external memory, 12 MHz

SAB 80C515-M Q67120-DXXXX |P-MQFP-80 |with mask-programmable ROM,
12 MHz

SAB 80C535-M-T40/85 |Q67120-C0937 |P-MQFP-80 |for external memory, 12 MHz
ext. temperature — 40 to + 85 °C

SAB 80C515-M-T40/85 | Q67120-DXXXX |P-MQFP-80 |with mask-programmable ROM,

12 MHz
ext. temperature — 40 to + 85 °C

Notes:

Versions for extended temperature range — 40 to + 110 °C on request.

The ordering number of ROM types (DXXXX extension) is defined after program release
(verification) of the customer.
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SAB 80C515/80C535
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SAB 80C515/80C535
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SAB 80C515/80C535

Pin Definitions and Functions

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P4.0-P4.7

1-3,5-9

72-74,
76-80

1/0

Port 4

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 4 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 4 pins being externally pulled low will
source current (1, in the DC
characteristics) because of the internal
pullup resistors.

75

Power saving mode enable

A low level on this pin enables the use of
the power saving modes (idle mode and
power-down mode). When PE is held on
high level it is impossible to enter the
power saving modes.

10

Reset pin

A low level on this pin for the duration of
two machine cycles while the oscillator is
running resets the SAB 80C515. A small
internal pullup resistor permits power-on
reset using only a capacitor connected
to Vgg.

V AREF

11

Reference voltage for the A/D converter

VaGND

12

Reference ground for the A/D converter

P6.7-P6.0

13-20

5-12

Port 6

is an 8-bit undirectional input port. Port
pins can be used for digital input if voltage
levels simultaneously meet the
specifications for high/low input voltages
and for the eight multiplexed analog inputs
of the A/D converter.

Semiconductor Group
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P3.0-P3.7

21-28

15-22

1/0

Port 3

is an 8-bit bidirectional /0O port with
internal pullup resistors. Port 3 pins that
havel's written to them are pulled high by
the internal pullup resistors, 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 resistors. Port 3 also contains the
interrupt, timer, serial port and external
memory strobe pins that are used by
various options. The output latch
corresponding to a secondary function
must be programmed to a one (1) for that
function to operate. The secondary
functions are assigned to the pins of port
3, as follows:

— RxD (P3.0): serial port's receiver data
input (asynchronous) or data input/
output (synchronous)

— TxD (P3.1): serial port's transmitter data
output
(asynchronous) or clock output
(synchronous)

— INTO (P3.2): interrupt O input/timer O
gate control input

— INT1 (P3.3): interrupt 1 input/timer 1
gate control input

— TO (P3.4): counter 0 input
— T1 (P3.5): counter 1 input

— WR (P3.6): the write control signal
latches the data byte from port O into the
external data memory

— RD (P3.7): the read control signal
enables the external data memory to
port O

Semiconductor Group
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P1.7-P1.0

29-36

24-31

1/0

Port 1

is an 8-bit bidirectional /0O port with
internal pullup resistors. Port 1 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 1 pins being externally pulled low will
source current (I, in the DC
characteristics) because of the internal
pullup resistors. The port is used for the
low-order address byte during program
verification. Port 1 also contains the
interrupt, timer, clock, capture and
compare pins that are used by various
options. The output latch corresponding to
a secondary function must be
programmed to a one (1) for that function
to operate (except when used for the
compare functions). The secondary
functions are assigned to the port 1 pins
as follows:

— INT3/CCO (P1.0): interrupt 3 input/
compare 0 output/capture O input

— INT4/CC1 (P1.1): interrupt 4 input/
compare 1 output/capture 1 input

— INT5/CC2 (P1.2): interrupt 5 input/
compare 2 output/capture 2 input

— INT6/CC3 (P1.3): interrupt 6 input/
compare 3 output/capture 3 input

— INT2 (P1.4): interrupt 2 input

— T2EX (P1.5): timer 2 external reload
trigger input

— CLKOUT (P1.6): system clock output

— T2 (P1.7): counter 2 input

Semiconductor Group
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SAB 80C515/80C535

Pin Definitions and Functions (cont’'d)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

XTAL2
XTAL1

39
40

36
37

XTAL2

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

XTAL1

Output of the inverting oscillator amplifier.
To drive the device from an external clock
source, XTAL2 should be driven, while
XTALL1 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 divided down
by a divide-by-two flip-flop. Minimum and
maximum high and low times and rise/fall
times specified in the AC characteristics
must be observed.

P2.0-P2.7

41-48

38-45

1/0

Port 2

is an 8-bit 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 resistors when
issuing 1's. During accesses to external
data memory that use 8-bit addresses
(MOVX@RI), port 2 issues the contents of
the P2 special function register.

Semiconductor Group
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SIEMENS SAB 80C515/80C535

Pin Definitions and Functions (cont’'d)

Symbol |Pin Pin Input (1) Function
P-LCC-68 |P-MQFP-80 |Output (O)

PSEN 49 47 @] 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 six oscillator periods,
except during external data memory
accesses. The signal remains high during
internal program execution.

ALE 50 48 @) The Address latch enable

outputis used for latching the address into
external memory during normal operation.
It is activated every six oscillator periods,
except during an external data memory
access.

EA 51 49 I External access enable

When held high, the SAB 80C515
executes instructions from the internal
ROM as long as the PC is less than 8192.
When held low, the SAB 80C515 fetches
all instructions from external program
memory. For the SAB 80C535 this pin
must be tied low.

P0.0-P0.7 [52-59 52-59 1/O Port O

Is an 8-bit open-drain bidirectional I/O
port.

Port 0 pins that have 1's written to them
float, and in that state can be used as
high-impedance inputs.

Port 0 is also the multiplexed low-order
address and data bus during accesses to
external program and data memory. In
this application it uses strong internal
pullup resistors when issuing 1's.

Port 0 also outputs the code bytes during
program verification in the SAB 80C515.
External pullup resistors are required
during program verification.

Semiconductor Group 11
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Symbol |Pin Pin Input (1) Function
P-LCC-68 |P-MQFP-80 |Output (O)
P5.7-P5.0 |60-67 60-67 1/O Port 5is an 8-bit bidirectional /0O port with
internal pullup resistors. Port 5 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 5 pins being externally pulled low will
source current
(I,_ in the DC characteristics) because of
the internal pullup resistors.
Vee 37 33 - Supply voltage
during normal, idle, and power-down
operation. Internally connected to pin 68.
Vgg 38 34 - Ground (0 V)
Vee 68 69 - Supply voltage
during normal, idle, and power-down
operation. Internally connected to pin 37.
N. C. - 2,13, 14, — Not connected
23, 32, 35, These pins of the P-MQFP-80 package
46, 50, 51, must not be connected
68, 70, 71

Semiconductor Group 12
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SIEMENS SAB 80C515/80C535

Functional Description

The members of the SAB 80515 family of microcontrollers are:

— SAB 80C515: Microcontroller, designed in Siemens ACMOS technology, with
8 Kbyte factory mask-programmable ROM

— SAB 80C535: ROM-less version of the SAB 80C515

— SAB 80515: Microcontroller, designed in Siemens MYMOS technology, with
8 Kbyte factory mask-programmable ROM
— SAB 80535: ROM-less version of the SAB 80515

The SAB 80C535 is identical to the SAB 80C515, except that it lacks the on-chip ROM.
In this data sheet the term "SAB 80C515" is used to refer to both the SAB 80C515 and
SAB 80C535, unless otherwise noted.

Principles of Architecture

The architecture of the SAB 80C515 is based on the SAB 8051/SAB 80C51 microcontroller
family. The following features of the SAB 80C515 are fully compatible with the SAB 80C51
features:

— Instruction set

— External memory expansion interface (port O and port 2)

— Full-duplex serial port

— Timer/counter 0 and 1

— Alternate functions on port 3

— The lower 128 bytes of internal RAM and the lower 4 Kbytes of internal ROM

The SAB 80C515 additionally contains 128 bytes of internal RAM and 4 Kbytes of internal
ROM, which results in a total of 256 bytes of RAM and 8 Kbytes of ROM on-chip.

The SAB 80C515 has a new 16-bit timer/counter with a 2:1 prescaler, reload mode, compare
and capture capability. It also contains at 16-bit watchdog timer, an 8-bit A/D converter with
programmable reference voltages, two additional quasi-bidirectional 8-bit ports, one 8-bit input
port for analog or digital signals, and a programmable clock output (fogc/12).

Furthermore, the SAB 80C515 has a powerful interrupt structure with 12 vectors and 4
programmable priority levels.

Figure 1 shows a block diagram of the SAB 80C515.

Semiconductor Group 14



SIEMENS SAB 80C515/80C535

CPU

The SAB 80C515 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 execute in 1.0 ps.

Memory Organization

The SAB 80C515 manipulates operands in the four memory address spaces described below:
Figure 1 illustrates the memory address spaces of the SAB 80C515.

Program Memory

The SAB 80C515 has 8 Kbyte of on-chip ROM, while the SAB 80C535 has no internal ROM.
The program memory can be externally expanded up to 64 Kbytes. If the EA pin is held high,
the SAB 80C515 executes out of internal ROM unless the address exceeds 1FFFH. Locations
2000H through OFFFFH are then fetched from the external program memory. If the EA pin is
held now, the SAB 80C515 fetches all instructions from the external program memory. Since
the SAB 80C535 has no internal ROM, pin EA must be tied low when using this component.

Data Memory

The data memory address space consists of an internal and an external memory space. The
internal data memory is divided into three physically separate and distinct blocks:

the lower 128 bytes of RAM, the upper 128 bytes of RAM, and the 128 byte special function
register (SRF) area. While the upper 128 bytes of data memory and the SFR area share the
same address locations, they are accessed through different addressing modes. The lower 128
bytes of data memory can be accessed through direct or register indirect addressing; the upper
128 bytes of RAM can be accessed through register indirect addressing; the special function
registers are accessible through direct addressing.

Four 8-register banks, each bank consisting of eight 8-bit multi-purpose registers, occupy
locations 0 through 1FH in the lower RAM area. The next 16 bytes, locations 20H through 2FH,
contain 128 directly addressable bit locations. The stack can be located anywhere in the
internal data memory address space, and the stack depth can be expanded up to 256 bytes.
The external data memory can be expanded up to 64 Kbytes and can be accessed by
instructions that use a 16-bit or an 8-bit address.

Semiconductor Group 15
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SIEMENS SAB 80C515/80C535

Special Function Registers

All registers, except the program counter and the four general purpose register banks, reside
in the special function register area. The special function registers include arithmetic registers,
pointers, and registers that provide an interface between the CPU and the on-chip peripherals.
There are also 128 directly addressable bits within the SFR area. All special function registers
are listed in table 1 and table 2.

In table 1 they are organized in numeric order of their addresses. In table 3 they are organized

in groups which refer to the functional blocks of the SAB 80C515.

Table 1: Special Function Register

Address Register Contents Address Register Contents
after Reset after Reset
80H POD OFFH 98H SCON b OOH
81H SP O7H 99H SBUF XXH?
82H DPL OOH 9AH reserved XXH?2
83H DPH OOH 9BH reserved XXH?
84H reserved XXH?2 9CH reserved XXH?2
85H reserved XXH?2 9DH reserved XXH?2
86H reserved XXH? 9EH reserved XXH 2
87H PCON 000X 0000B 2 |9FH reserved XXH 2
88H TCON D OOH AOH P21 OFFH
89H TMOD OOH AlH reserved XXH?
8AH TLO O0H A2H reserved XXH?2
8BH TL1 OOH A3H reserved XXH?2
8CH THO O0H A4H reserved XXH?2
8DH TH1 OOH A5H reserved XXH?2
8EH reserved XXH? A6H reserved XXH?2
8FH reserved XXH?2 A7H reserved XXH?2
90H P11 OFFH A8H I[ENO D OOH
91H reserved XXH? A9H IPO X000 0000B?
92H reserved XXH?2 AAH reserved XXH?2
93H reserved XXH? ABH reserved XXH?2
94H reserved XXH?2 ACH reserved XXH?2
95H reserved XXH? ADH reserved XXH?
96H reserved XXH?2 AEH reserved XXH?2
97H reserved XXH? AFH reserved XXH?

1) Bit-addressable Special Function Register

2) X means that the value is indeterminate and the location is reserved

Semiconductor Group
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SAB 80C515/80C535

Table 1:Special Function Register (cont'd)

Address Register Contents Address Register Contents
after Reset after Reset
BOH P31 OFFH DOH PSwW b OOH
B1H reserved XXH?2 D1H reserved XXH?
B2H reserved XXH? D2 reserved XXH?
B3H reserved XXH?2 D3H reserved XXH?
B4H reserved XXH? D4H reserved XXH?
B5H reserved XXH?2 D5H reserved XXH?
B6H reserved XXH? D6H reserved XXH?
B7H reserved XXH?2 D7H reserved XXH?
B8H IEN1Y OOH D8H ADCONDY 00X0 0000B 2
B9H IP1 XX00 0000B 2 D9H ADDAT OOH
BAH reserved XXH 2) DAH DAPR OOH
BBH reserved XXH 2?) DBH P6 XXH?
BCH reserved XXH ?) DCH reserved XXH?)
BDH reserved XXH 2?) DDH reserved XXH?
BSH reserved XXH ?) DEH reserved XXH?)
BFH reserved XXH? DFH reserved XXH?
COH IRCOND OOH EOH ACC Vb OOH
C1H CCEN 00H E1H reserved XXH?
C2H CCL1 OOH E2H reserved XXH?2
C3H CCH1 O0H E3H reserved XXH?
C4H CCL2 OOH E4H reserved XXH?2
C5H CCH2 O0H E5H reserved XXH?
C6H CCL3 OOH E6H reserved XXH?2
C7H CCH3 O0H E7H reserved XXH?
C8H T2CON YD OOH E8H P41 OFFH
C9H reserved XXH?2 E9H reserved XXH?2
CAH CRCL OOH EAH reserved XXH?
CBH CRCH O00H EBH reserved XXH?
CCH TL2 OOH ECH reserved XXH?
CDH TH2 O00H EDH reserved XXH?
CEH reserved XXH?2 EEH reserved XXH?
CFH reserved XXH? EFH reserved XXH?

1) Bit-addressable Special Function Register

2) X means that the value is indeterminate and the location is reserved

Semiconductor Group
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SIEMENS SAB 80C515/80C535

Table 1:Special Function Register (cont'd)

Address Register Contents Address Register Contents
after Reset after Reset

FOH B 00H F8H P5 1) OFFH

F1H reserved XXH 2 FOH reserved XXH?2

F2H reserved XXH 2 FAH reserved XXH?

F3H reserved XXH 2 FBH reserved XXH?2

F4H reserved XXH 2 FCH reserved XXH?

F5H reserved XXH 2 FDH reserved XXH?2

F6H reserved XXH 2 FEH reserved XXH?

F7H reserved XXH 2 FFH reserved XXH?2

1) Bit-addressable Special Function Register
2) X means that the value is indeterminate and the location is reserved

Semiconductor Group 19



SIEMENS SAB 80C515/80C535

Table 2: Special Function Registers - Functional Blocks

Block Symbol Name Address Contents
after Reset
CPU ACC Accumulator OEOH Y OOH
B B-Register OFOH D OOH
DPH Data Pointer, High Byte 83H OOH
DPL Data Pointer, Low Byte 82H OOH
PSW Program Status Word Register ODOH D OOH
SP Stack Pointer 81H O7H
A/D- ADCON |A/D Converter Control Register OD8H Y 00X0 0000B 2
Converter ADDAT A/D Converter Data Register OD9H OOH
DAPR D/A Converter Program Register ODAH OOH
Interrupt ENO Interrupt Enable Register O OA8H D OOH
System IEN1 Interrupt Enable Register 1 OB8H D OOH
IPO Interrupt Priority Register O OA9H OOH
IP1 Interrupt Priority Register 1 OB9H X000 0000B 2
IRCON Interrupt Request Control Register |0COH D XX00 0000B 3
TCON 2 | Timer Control Register 88H D OOH
T2CON 2 | Timer 2 Control Register OC8H D OOH
O0H
Compare/ CCEN Comp./Capture Enable Reg. 0C1H OOH
Capture- CCH1 Comp./Capture Reg. 1, High Byte |0C3H OOH
Unit CCH2 Comp./Capture Reg. 2, High Byte |0C5H OOH
(CCU) CCH3 Comp./Capture Reg. 3, High Byte |0C7H OOH
CCL1 Comp./Capture Reg. 1, Low Byte |0C2H OOH
CCL2 Comp./Capture Reg. 2, Low Byte |0C4H OOH
CCL3 Comp./Capture Reg. 3, Low Byte 0C6H OOH
CRCH Com./Rel./Capt. Reg. High Byte 0CBH OOH
CRCL Com./Rel./Capt. Reg. Low Byte OCAH OOH
TH2 Timer 2, High Byte OCDH OOH
TL2 Timer 2, Low Byte OCCH OOH
T2CON Timer 2 Control Register OC8H D OOH

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 indeterminate and the location is reserved
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Table 2: Special Function Registers- Functional Blocks (cont'd)

Block Symbol Name Address Contents
after Reset
Ports PO Port O 80H D OFFH
P1 Port 1 90H D OFFH
P2 Port 2 OAOH Y OFFH
P3 Port 3 OBOH D OFFH
P4 Port 4 OE8H D OFFH
P5 Port 5 OF8H 1 OFFH
P6 Port 6, Analog/Digital Input ODBH
Pow.Sav.M |PCON Power Control Register 87H 000X 0000B 2
odes
Serial ADCON 2 |A/D Converter Control Reg. OD8H 1 00X0 0000B 2
Channels PCON 2 |Power Control Register 87H 000X 0000B 2
SBUF Serial Channel Buffer Reg. 99H OXXH?3
SCON Serial Channel Control Reg. 98H 1 00H
Timer 0/ TCON Timer Control Register 88H D O00H
Timer 1 THO Timer 0, High Byte 8CH OOH
TH1 Timer 1, High Byte 8DH OOH
TLO Timer O, Low Byte 8AH OOH
TL1 Timer 1, Low Byte 8BH OOH
TMOD Timer Mode Register 89H OOH
Watchdog IENO 2 Interrupt Enable Register 0 OA8H D OOH
IEN1 2 Interrupt Enable Register 1 OB8H 1 00H
IPO 2 Interrupt Priority Register 0 OA9H X000 0000B 2
P12 Interrupt Priority Register 1 OB9H XX00 0000B 3

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 indeterminate and the location is reserved
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I/0 Ports

The SAB 80C515 has six 8-bit I/0O ports and one 8-bit input port. Port O is an open-drain
bidirectional 1/0 port, while ports 1 to 5 are quasi-bidirectional I/O ports with internal pullup
resistors. That means, when configured as inputs, ports 1 to 5 will be pulled high and will source
current when externally pulled low. Port O will float when configured as input.

Port 0 and port 2 can be used to expand the program and data memory externally. During an
access to external memory, port 0 emits the low-order address byte and reads/writes the data
byte, while port 2 emits the high-order address byte. In this function, port 0 is not an open-drain
port, but uses a strong internal pullup FET. Ports 1 and 3 are provided for several alternate
functions, as listed below:

Port |[Symbol |Function

P1.0 |[INT3/CCO |External interrupt 3 input, compare 0 output, capture 0 input

P1.1 |INT4/CC1 |External interrupt 4 input, compare 1 output, capture 1 input

P1.2 |INT5/CC2 |External interrupt 5 input, compare 2 output, capture 2 input

P1.3 |INT6/CC3 |External interrupt 6 input, compare 3 output, capture 3 input

P1.4 |INT2 External interrupt 2 input

P15 |T2EX Timer 2 external reload trigger input

P1.6 |CLKOUT |System clock output

P17 |T2 Timer 2 external count or gate input

P3.0 |[RxD Serial port’s receiver data input (asynchronous) or data input/output
(synchronous)

P3.1 |TxD Serial port’s transmitter data output (asynchronous) or clock output
(synchronous)

P3.2 [INTO External interrupt O input, timer 0 gate control

P3.3 [INT1 External interrupt 1 input, timer 1 gate control

P3.4 |TO Timer O external counter input

P35 |T1 Timer 1 external counter input

P3.6 |WR External data memory write strobe

P3.7 |RD External data memory read strobe

The SAB 80C515 has dual-purpose input port. As the ANXx lines in the SAB 80515 (NMOS
version), the eight port lines at port 6 can be used as analog inputs. But if the input voltages at
port 6 meet the specified digital input levels (V,_an d V), the port can also be used as digital
input port. Reading the special function register P6 allows the user to input the digital values
currently applied to the port pins. It is not necessary to select these modes by software; the
voltages applied at port 6 pins can be converted to digital values using the A/D converter and
at the same time the pins can be read via SFR P6.

It must be noted, however, that the results in port P6 bits will be indeterminate if the levels at
the corresponding pins are not within their respective V, / V4 specifications. Furthermore, it is
not possible to use port P6 as output lines. Special function register P6 is located at address
ODBH.
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Timer/Counters

The SAB 80C515 contains three 16-bit timers/counters which are useful in many applications
for timing and counting. The input clock for each timer/counter is 1/12 of the oscillator frequency
in the timer operation or can be taken from an external clock source for the counter operation
(maximum count rate is 1/24 of the oscillator frequency).

— Timer/Counter 0 and 1

These timers/counters can operate in four modes:
Mode 0: 8-bit timer/counter with 32:1 prescaler
Mode 1. 16-bit timer/counter

Mode 2: 8-bit timer/counter with 8-bit auto-reload

Mode 3: Timer/counter O is configured as one 8-bit timer/counter and one 8-bit timer;
Timer/counter 1 in this mode holds its count.

External inputs INTO and INT1 can be programmed to function as a gate for
timer/counters 0 and 1 to facilitate pulse width measurements.

— Timer/Counter 2

Timer/counter 2 of the SAB 80C515 is a 16-bit timer/counter with several additional features. It
offers a 2:1 prescaler, a selectable gate function, and compare, capture and reload functions.
Corresponding to the 16-bit timer register there are four 16-bit capture/compare registers, one
of them can be used to perform a 16-bit reload on a timer overflow or external event. Each of
these registers corresponds to a pin of port 1 for capture input/compare output.

Figure 3 shows a block diagram of timer/counter 2.

Reload

A 16-bit reload can be performed with the 16-bit CRC register consisting of CRCL and CRCH.
There are two modes from which to select:

Mode 0: Reload is caused by a timer 2 overflow (auto-reload).

Mode 1: Reload is caused in response to a negative transition at pin T2EX (P1.5), which
can also request an interrupt.

Capture

This feature permits saving the actual timer/counter contents into a selected register
upon an external event or a software write operation. Two modes are provided to latch
the current 16-bit value in timer 2 registers TL2 and TH2 into a dedicated capture register:

Mode O0: Capture is performed in response to a transition at the corresponding port 1 pins
CCOto CCs.

Mode 1. Write operation into the low-order byte of the dedicated capture register causes
the timer 2 contents to be latched into this register.
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Compare

In the compare mode, the 16-bit values stored in the dedicated compare registers are
compared to the contents of the timer 2 registers. If the count value in the timer 2

registers matches one of the stored values, an appropriate output signal is generated and an
interrupt is requested. Two compare modes are provided:

Mode 0: Upon a match the output signal changes from low to high. It goes back to a low
level when timer 2 overflows.

Mode 1: The transition of the output signal can be determined by software.
A timer 2 overflow causes no output change

P15/T2EX »| Svnc. «0
T210 EXEN?
T2
P17/T2  —»| Sync. —
¥ Reload EXF2
Interrupt
Request
FOSC/12 -
+2 —?TZPS TLZ THZ » TF2
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>
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(=)
= |e» P1.3/INTE/CC3
o
=
[~ |‘L v |‘L 4 |‘L [ |‘L Capture
CCL3/CCH3 CCL2/CCH2 CCL1/CCHI CRCL/CRCH
MCBOOD79

Figure 3
Block Diagram of Timer/Counter 2
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Serial Port

The serial port of the SAB 80C515 enables full duplex communication between microcontrol-
lers or between microcontroller and peripheral devices.
The serial port can operate in 4 modes:

Mode 0: Shift register mode. Serial data enters and exits through RxD. TxD outputs the
shift clock. 8-bits are transmitted/received: 8 data bits (LSB first).
The baud rate is fixed at 1/12 of the oscillator frequency.

Mode 1. 10-bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), and a stop bit (1). The baud rate is variable.

Mode 2: 11-bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1).
The baud rate is programmable to either 1/32 or 1/64 of the oscillator frequency.

Mode 3: 11-bits are transmitted (through TxD) or received (through RxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). Mode 3
is identical to mode 2 except for the baud rate. The baud rate in mode 3 is variable.

The variable baud rates in modes 1 and 3 can be generated by timer 1 or an internal
baud rate generator.

A/D Converter

The 8-bit A/D converter of the SAB 80C515 has eight multiplexed analog inputs (Port 6) and
uses the successive approximation method.

There are three characteristic time frames in a conversion cycle (see A/D converter
characteristics): the conversion time t;, which is the time required for one conversion; the
sample time tg which is included in the conversion time and is measured from the start of the
conversion; the load time t;, which in turn is part of the sample time and also is measured from
the conversion start.

Within the load time t, the analog input capacitance C, must be loaded to the analog inpult
voltage level. For the rest of the sample time tg, after the load time has passed, the selected
analog input must be held constant. During the rest of the conversion time tc the conversion
itself is actually performed. Conversion can be programmed to be single or continuous; at the
end of a conversion an interrupt can be generated.

A unique feature is the capability of internal reference voltage programming. The internal
reference voltages V|arer @aNd V| ntagnp for the A/D converter both are programmable to one
of 16 steps with respect to the external reference voltages. This feature permits a conversion
with a smaller internal reference voltage range to gain a higher resolution.

In addition, the internal reference voltages can easily be adapted by software to the desired
analog input voltage range.

Figure 4 shows a block diagram of the A/D converter.
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Figure 4
Block Diagram of the A/D Converter
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Interrupt Structure

The SAB 80C515 has 12 interrupt vectors with the following vector addresses and request
flags:

Table 3

Interrupt Sources and Vectors

Source (Request Flags) Vector Address Vector

IEO 0003H External interrupt O
TFO 000BH Timer O interrupt
IE1 0013H External interrupt 1
TF1 001BH Timer 1 interrupt
RI + Tl 0023H Serial port interrupt
TF2 + EXF2 002BH Timer 2 interrupt
IADC 0043H A/D converter interrupt
IEX2 004BH External interrupt 2
IEX3 0053H External interrupt 3
IEX4 005BH External interrupt 4
IEX5 0063H External interrupt 5
IEX6 006BH External interrupt 6

Each interrupt vector can be individually enabled/disabled. The minimum response time to an
interrupt request is more than 3 machine cycles and less than 9 machine cycles.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a low-level or a negative transition (selectable)
at their corresponding input pin, external interrupts 2 and 3 can be programmed for triggering
on a negative or a positive transition. The external interrupts 3 or 6 are combined with the
corresponding alternate functions compare (output) and capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs. Each pair can
be programmed individually to one of four priority levels by setting or clearing one bit in the
special function register IPO and one in IP1.

Figure 6 shows the priority level structure.
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Figure 5
Interrupt Request Sources
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Interrupt Priority Level Structure
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Watchdog Timer

This feature is provided as a means of graceful recovery from a software upset. After an
external reset, the watchdog timer is cleared and stopped. It can be started and cleared by
software, but it cannot be stopped during active mode of the device. If the software fails to clear
the watchdog timer at least every 65532 machine cycles (about 65 ms if a 12 MHz oscillator
frequency is used), an internal reset will be initiated. The reset cause (external reset or reset
caused by the watchdog) can be examined by software. To clear the watchdog, two bits in two
different special function registers must be set by two consecutive instructions (bits IENO.6 and
IEN1.6). This is done to prevent the watchdog from being cleared by unexpected opcodes.

It must be noted, however, that the watchdog timer is halted during the idle mode and power-
down mode of the processor (see section "Power Saving Modes" below).

Therefore, it is possible to use the idle mode in combination with the watchdog timer function.
But even the watchdog timer cannot reset the device when one of the power saving modes has
been is entered accidentally.

For these reasons several precautions are taken against unintentional entering of the power-
down or idle mode (see below).

Power Saving Modes

The ACMOS technology of the SAB 80C515 allows two new power saving modes of the device:
The idle mode and the power-down mode. These modes replace the power-down supply mode
via pin Vpp of the SAB 80515 (NMOS). The SAB 80C515 is supplied via

pins V¢ also during idle and power-down operation.

However, there are applications where unintentional entering of these power saving modes
must be absolutely avoided. Such critical applications often use the watchdog timer to prevent
the system from program upsets. Then accidental entering of the power saving modes would
even stop the watchdog timer and would circumvent the watchdog timer's task of system
protection.

Thus, the SAB 80C515 has an extra pin that allows it to disable both of the power saving
modes. When pin PE is held high, idle mode and power-down mode are completely disabled
and the instruction sequences that are used for entering these modes (see below) will NOT
affect the normal operations of the device. When PE is held low, the use of the idle mode and
power-down mode is possible as described in the following sections.

Pin PE has a weak internal pullup resistor. Thus, when left open, the power saving modes are
disabled.

The Special Function Register PCON

In the NMOS version SAB 80515 the SFR PCON (address 87H) contains only bit SMOD; in the
CMOS version SAB 80C515 there are more bits used (see table 4).

The bits PDE, PDS and IDLE, IDLS select the power-down mode or the idle mode, respectively,
when the use of the power saving modes is enabled by pin PE (see next page).
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If the power-down mode and the idle mode are set at the same time, power-down takes prece-
dence.

Furthermore, register PCON contains two general purpose flags. For example, the flag bits
GFO0 and GF1 can be used to give an indication if an interrupt occurred during normal operation
or during an idle. Then an instruction that activates ldle can also set one or both flag bits. When
idle is terminated by an interrupt, the interrupt service routine can examine the flag bits.

The reset value of PCON is 000X0000B.

Table 4

SFR PCON (87H)

SMOD PDS IDLS - GF1 GFO PDE IDLE 87H
7 6 5 4 3 2 1 0

Symbol Position Function

SMOD PCON.7 When set, the baud rate of the serial channel in mode 1, 2,
3 is doubled.

PDS PCON.6 Power-down start bit. The instruction that sets the PDS flag
bit is the last instruction before entering the power-down
mode.

IDLS PCON.5 Idle start bit. The instruction that sets the IDLS flag bit is the
last instruction before entering the idle mode.

- PCON.4 Reserved

GF1 PCON.3 General purpose flag

GFO PCON.2 General purpose flag

PDE PCON.1 Power-down enable bit. When set, starting of the power-
down mode is enabled.

IDLE PCON.O Idle mode enable bit. When set, starting of the idle mode is
enabled.

Idle Mode

In the idle mode the oscillator of the SAB 80C515 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.

The reduction of power consumption, which can be achieved by this feature depends on the
number of peripherals running.
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If all timers are stopped and the A/D converter and the serial interface are not running, the
maximum power reduction can be achieved. This state is also the test condition for the idle
mode I (see DC characteristics, note 5).

So the user has to take care which peripheral should continue to run and which has to be
stopped during idle mode. Also the state of all port pins — either the pins controlled by their
latches or controlled by their secondary functions — depends on the status of the controller
when entering idle mode.

Normally the port pins hold the logical state they had at the time idle mode was activated. If
some pins are programmed to serve their alternate functions they still continue to output during
idle mode if the assigned function is on. This applies to the compare outputs as well as to the
clock output signal or to the serial interface in case it cannot finish reception or transmission

during normal operation. The control signals ALE and PSEN hold at logic high levels (see

table 5).

Table 5

Status of External Pins During Idle and Power-Down Mode
Last instruction executed from Last instruction executed from
internal code memory external code memory

Outputs Idle Power-down Idle Power-down

ALE High Low High Low

PSEN High Low High Low

PORTO Data Data Float Float

PORT 1 Data/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 2 Data Data Address Data

PORT 3 Data/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 4 Data Data Data Data

PORT 5 Data Data Data Data

As in normal operation mode, the ports can be used as inputs during idle mode. Thus a capture
or reload operation can be triggered, the timers can be used to count external events, and
external interrupts will be detected.

The idle mode is a useful feature which makes it possible to "freeze" the processor's status —
either for a predefined time, or until an external event reverts the controller to normal operation,
as discussed below. The watchdog timer is the only peripheral which is automatically stopped
during idle mode. If it were not disabled on entering idle mode, the watchdog timer would reset
the controller, thus abandoning the idle mode.
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When idle mode is used, pin PE must be held on low level. The idle mode is then entered by
two consecutive instructions. The first instruction sets the flag bit IDLE (PCON.0) and must not
set bit IDLS (PCON.5), the following instruction sets the start bit IDLS (PCON.5) and must not
set bit IDLE (PCON.0). The hardware ensures that a concurrent setting of both bits, IDLE and
IDLS, does not initiate the idle mode. Bits IDLE and IDLS will automatically be cleared after
being set. If one of these register bits is read the value that appears is 0 (see table 4). This
double instruction is implemented to minimize the chance of an unintentional entering of the
idle mode which would leave the watchdog timer’s task of system protection without effect.

Note that PCON is not a bit-addressable register, so the above mentioned sequence for
entering the idle mode is obtained by byte-handling instructions, as shown in the following
example:

ORL PCON,#00000001B ;Set bit IDLE, bit IDLS must not be set

ORL PCON,#00100000B ;Set bit IDLS, bit IDLE must not be set

The instruction that sets bit IDLS is the last instruction executed before going into idle mode.
There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enable interrupt. This interrupt will
be serviced and normally the instruction to be executed following the RETI instruction
will be the one following the instruction that sets the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator
Is still running, the hardware reset must be held active only for two machine cycles
for a complete reset.

Power-Down Mode

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

The port pins which serve the alternate output functions show the values they had at the end
of the last cycle of the instruction which initiated the power-down mode; when the clockout
signal (CLKOUT, P1.6) is enabled, it will stop at low level. ALE and PSEN hold at logic low
level (see table 5).

To enter the power-down mode the pin PE must be on low level. The power-down mode then
is entered by two consecutive instructions. The first instruction has to set the flag bit PDE
(PCON.1) and must not set bit PDS (PCON.6), the following instruction has to set the start bit
PDS (PCON.6) and must not set bit PDE (PCON.1). The hardware ensures that a concurrent
setting of both bits, PDE and PDS, does not initiate the power-down mode. Bits PDE and PDS
will automatically be cleared after having been set and the value shown by reading one of these
bits is always O (see table 4). This double instruction is implemented to minimize the chance of
unintentionally entering the power-down mode which could possibly "freeze" the chip's activity
in an undesired status.
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Note that PCON is not a bit-addressable register, so the above mentioned sequence for
entering the power-down mode is obtained by byte-handling instructions, as shown in the
following example:

ORL PCON,#00000010B ;Set bit PDE, bit PDS must not be set
ORL PCON,#01000000B ;Set bit PDS, bit PDE must not be set

The instruction that sets bit PDS is the last instruction executed before going into
power-down mode.

The only exit from power-down mode is a hardware reset. Reset will redefine all SFR's, but will
not change the contents of the internal RAM.

In the power-down mode of operation, V¢ can be reduced to 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 reset signal that terminates the power-down mode also restarts the oscillator.
The reset should not be activated before V¢ is restored to its normal operating level and must
be held active long enough to allow the oscillator to restart and stabilize (similar to power-on
reset).

Differences in Pin Assignments of the SAB 80C515 and SAB 80515

Since the SAB 80C515 is designed in CMOS technology, this device requires no Vg g pin, be-
cause the die's substrate is internally connected to V.

Furthermore, the RAM backup power supply via pin Vpp is replaced by the software- controlled
power-down mode and power supply via Vc.

Therefore, pins Vgg and Vpp of the NMOS version SAB 80515 are used for other functions in
the SAB 80C515.

Pin 4 (the former pin Vpp) is the new PE pin which enables the use of the power saving modes.

Pin 37 (the former pin Vgg) becomes an additional V¢ pin. Thus, it is possible to insert a
decoupling capacitor between pin 37 (V) and pin 38 (Vgg) very close to the device, thereby
avoiding long wiring and reducing the voltage distortion resulting from high dynamic current
peaks.

There is a difference between the NMOS and CMOS version concerning the clock circuitry.
When the device is driven from an external source, pin XTAL2 must be driven by the clock
signal; pin XTAL1, however, must be left open in the SAB 80C515 (must be tied low in the
NMOS version). When using the oscillator with a crystal there is no difference in the circuitry.

Thus, due to its pin compatibility the SAB 80C515 normally substitutes any SAB 80515 without
redesign of the user’s printed circuit board, but the user has to take care that the two V¢ pins
are hardwired on-chip. In any case, it is recommended that power is supplied on both V¢ pins
of the SAB 80C515 to improve the power supply to the chip.

If the power saving modes are to be used, pin PE must be tied low, otherwise these modes are
disabled.
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Instruction Set

The SAB 80C515 / 83C535 has the same instruction set as the industry standard 8051
microcontroller.

A pocket guide is available which contains the complete instruction set in functional and
hexadecimal order. Furtheron it provides helpful information about Special Function Registers,
Interrupt Vectors and Assembler Directives.

Literature Information

Title Ordering No.
Microcontroller Family SAB 8051 Pocket Guide B158-H6579-X-X-7600
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Absolute Maximum Ratings

Ambient temperature under bias
SAB 80C515

SAB 80C515-T3

Storage temperature

Voltage on V¢ pins with respect to ground (Vgs)
Voltage on any pin with respect to ground (Vgg)

Input current on any pin during overload condition
Absolute sum of all input currents during overload condition

Power disipation

Oto70°C

—40to 85°C
—65to 150 °C
—-05t06.5V
-05t0Vec+05V
— 10 mAto + 10 mA
|100 mA|

2W

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 conditions 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 (V N>V e or Vin<Vss)
the Voltage onVc pins with respect to ground (Vss) must not exeed the values defined
by the absolute maximum ratings.

DC Characteristics
VCCZSVilo%;VSSZOV

TA=0to 70 °C for the SAB 80C515/80C535
TA=-401t0 85 °C for the SAB 80C515/80C535-T3

Parameter Symbol Limit values Unit |Test condition
min. max.
Input low voltage (except EA) |V, -05 0.2Vee |V -
-0.1
Input low voltage (EA) Vi1 -05 0.2Vee |V -
-0.3
Input high voltage ViH 0.2Vee |Vee v -
(except RESET and XTAL? +0.9 +0.5
Input high voltage to XTAL2 ViH1 0.7Vee |Vee v -
+0.5
Input high voltage to RESET ViH2 0.6 Ve | Vee v -
+0.5
Output low voltage, ports VoL - -045 |V loL=1.6 MA Y
1,2,3,4,5
Notes see page 36.
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SAB 80C515/80C535

DC Characteristics (cont’d)

Parameter Symbol Limit values Unit |Test condition
min. max.
Output low voltage, port O, VoL1 - 0.45 \Y loL=3.2mAY)
ALE, PSEN
Output high voltage, ports VoH 2.4 - \% l oq =—80 pA
1,2,3,4,5 0.9 Vee |- \ log =— 10 pA
Output high voltage (port O in VoH1 2.4 - \ | oy =—400 pA
external bus mode, ALE, 09Vee |- \% l oy =—40 pA 2
PSEN)
Logic O input current, ports 1, 2, |1, -10 -70 MA |V|y=045V
3,4,5
Input low current to RESET for |1» -10 —100 MA |V|y=045V
reset
Input low current (XTAL2) I3 - - 15 MA |V|y=045V
Input low current (PE) I\ La - - 20 HA  [V|y=045V
Logical 1-to-0 transition current, |l - 65 — 650 HA  |[MN=2V
ports 1, 2,3,4,5
Input leakage current I - +1 HA  |0.45<V,N<Vcc
(port O, port 6, ANO-7, EA)
Pin capacitance Cio - 10 pF  |fc=1MHz,
TA=25°C
Power-supply current:6
Active mode, 12 MHz * e |- 35 MA  |y..=5V4)
Idle mode, 12 MHz . oo - 13 mA |y
Active mode, 16 MHz ) e . 46 mA |Vec=
Idle mode, 16 MHz | - 17 mA |Vec=5V4
- -'cc -
Power-down mode oo 50 HA Vee=5V9
VCCZZVtO 55V3)
Notes see page 36.
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Notes for page 34 and 35:
1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be
superimposed on the V5 of ALE and ports 1, 3, 4 and 5. 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.

Then, it may be desirable to qualify ALE with a Schmitttrigger, or use an address latch
with a Schmitttrigger strobe input.

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

3) Power-down I is measured with: EA = Port 0 = Port 6 = V;
XTAL1 =N.C.; XTAL2 = Vgg; RESET = V¢¢; Vagnp = Vss; all other pins are disconnected.

4) |cc(active mode) is measured with: XTAL2 driven with the clock signal according
to the figure below; XTAL1 = N.C.; EA = Port 0 = Port 6 = V¢; RESET = Vgg; all other
pins are disconnected. I-c might be slightly higher if a crystal oscillator is used.

5) Icc (idle mode) is measured with: XTALZ2 driven with the clock signal according to the
figure below; XTAL1 = N.C.; EA = Vgg; Port 0 = Port 6 Vc; RESET = V; all other pins are
disconnected; all on-chip peripherals are disabled.

6) Icc at other frequencies is given by:
Active mode: ¢ max (MA) = 2.67 x foge (MHZ) + 3.00
Idle mode: Ice max (MA) = 0.88 x fogc (MHZ) + 2.50
where fogc is the oscillator frequency in MHz.
lcc max 1S given in mA and measured at V¢ = 5 V (see also notes 4 and 5)
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SAB 80C515/80C535

A/D Converter Characteristics

VCC=5V110 %: VSS:OV; VAREF:VCCiS%; VAGND:VSSiO'ZV;
Ta=0to 70 °C for SAB 80C515/80C535
Ta=—-40 to 85 °C for SAB 80C515/80C535-T40/85

Vintarer — Vintagnp 21V,

Parameter Symbol Limit values Unit |Test condition
min. typ. |max.
Analog input VOltage VNNPUT VAGND - VAREF V 9)
- 0.2 +0.2
Analog input C - 25 45 pF 7)
capacitance
Load time t — — 2 toy HS -
Sample time ts — — 7 tcy UsS -
(incl. load time)
Conversion time tc — — 13tcy |MS -
(incl. sample time)
Total unadjusted TUE — + 1|2 LSB |V |ntaREE =
error Varer = Vee
VintaGnDp =
VaGnD = Vss?)
VAREE Supply current | ReE - - 5 mA 8)
Internal reference error  |V|ntREFERR | — +30 mV 8)

) The output impedance of the analog source must be low enough to assure full loading
of the sample capacitance (C;) during load time (t|_) . After charging of the internal
capacitance (C,)in the load time (t,_) the analog input must be held constant for the rest

of the sample time (tg)

8 The differential impedance rp of the analog reference voltage source must be less than
1 ka at reference supply voltage.

9 Exceeding these limit values at one or more input channels will cause additional
current which is sinked / sourced at these channels. This may also affect the accuracy
of other channels which are operated within these specifications.

Semiconductor Group
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AC Characteristics

Vee =5V +10%; Vgg = 0V (C, for Port 0, ALE and PSEN outputs = 100 pF;
C, for all outputs = 80 pF); Tao=0to 70 °C for SAB 80C515/80C535
Ta=— 40to 85 °C for SAB 80C515/80C535-T40/85

Parameter Symbol Limit values Unit
12 MHz clock Variable clock
1/t cL = 3.5MHzto 12 MHz
min. | max. min. max.
Program Memory Characteristics
ALE pulse width tLHLL 127 — 2tcLcL—40 |- ns
Address setup to ALE tavLL 53 - tcLcL —30 — ns
Address hold after ALE |t} ax 48 — tcLcL —35 — ns
ALE to valid instruction [t} v — 233 - 4tc cL—100 |ns
in
ALE to PSEN tupL 58 - tcicL — 25 — ns
PSEN pulse width tppH 215 3tcLcL—35 ns
PSﬂ to valid instruction |tp v - 150 |- 3tcicL—100 |ns
in
Input instruction hold tpxix 0 — 0 - ns
after PSEN
Input instruction float tpxz Y — 63 - tcLcL- 20 ns
after PSEN
Address valid after tpxay? |75 tcLcL—8 ns
PSEN
Address to valid instruc- |ta vy — 302 - S5tcicL- 115 |ns
tion in
Address float to PSEN  [tazpL 0 - 0 - ns

1 Interfacing the SAB 80C515 to devices with float times up to 75 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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SAB 80C515/80C535

AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
12 MHz clock Variable clock
1/tc oL = 3.5MHzto 12 MHz
min. | max. min. max.
External Data Memory Characteristics
RD pulse width tRLRH 400 |- 6 tc oL — 100 |- ns
WR pulse width twwn 1400 |- 6tcLcL— 100 |- ns
Address hold after ALE |t ax2 132 - 2tccL- 35 |- ns
RD to valid data in trLDV - 252 |- StcLcL— 165 |ns
DATA hold after RD tRHDX 0 - 0 ns
Data float after RD tRHDZ - 97 - 2tcicL—70 |ns
ALE to valid data in t pv — 517 - 8tcLcL— 150 |ns
Address to valid data in  |ta/py — 585 - 9tcLcL— 165 |ns
ALE to WR or RD t WL 200 |300 [3tccL—50 |[3tccL+t50 |ns
WR or RD highto ALE  [tywyiH 43 123 tcLcL — 40 tc oL + 40 ns
high
Address valid to WR tAvWL 203 |- 4tc oL —130 |- ns
Data valid to WR tovwx 33 - te oL — 50 - ns
transition
Data setup before WR | toywh 288 |- 7tcicL—150 |- ns
Data hold after WR twHOX 13 - teLcL — 50 — ns
Address float after RD  [tg a7 - 0 - 0 ns
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SAB 80C515/80C535

AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
Variable clock
Frequ. = 3.5 MHz to 12 MHz
min. max.
External Clock Drive
Oscillator period tcLeL 83.3 285 ns
Oscillator frequency lltc e 0.5 12 MHz
High time tcHex 20 - ns
Low time tCLCX 20 = ns
Rise time tcLcH 20 ns
Fall time tcHeL 20 ns
-t Fercl Lons
Vr= 0.5V = o
«“ 0.7V,
0.2V..-0.1
0.45V e
~— o1 fonex MCT00033
fCHCL fCLCH

External Clock Cycle
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit

12 MHz clock Variable clock
/tc oL = 3.5 MHz to 12 MHz

min. | max. min. max.
System Clock Timing
ALE to CLKOUT t, LsH 543 |- TtolcL—40 |- ns
CLKOUT high time tsHsL 127 - 2tcLcL—40 |- ns
CLKOUT low time tsi sH 793 - 10 tc o —40 |- ns
E_L}r(lOUT low to ALE tsLH 43 123 |tg oL — 40 to oL + 40 ns
9

fSLLH

~

ALE

fLLSH fSHSL : fLLSH

CLK OUT /l_\ / \

fS LSH

\ -

Program Memory Access Data Memory Access MCT00083

System Clock Timing
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AC Characteristics for SAB 80C515-16/80C535-16

Vee =5V +£10 %; Vgg =0V (C for Port 0, ALE and PSEN outputs = 100 pF;
C,for all outputs = 80 pF) Tao=0to 70 °C for SAB 80C515-16/80C535-16
Ta=— 40to 85 °C for SAB 80C515-16/80C535-16-T40/85

Parameter Symbol Limit values Unit
16 MHz clock Variable clock
lltCLCL =3.5MHzto 16 MHz
min. | max. min. max.
Program Memory Characteristics
ALE pU|Se width t LHLL 85 = 2 tC LCL— 40 - ns
Address setup to ALE t AvLL 33 - tcicL-30 - ns
Address hold after ALE t LLAX 28 - tCLCL -35 - ns
ALE to valid instruction t LLIV - 150 - 4 tCLCL -100 ns
in
ALE to PSEN t LLPL 38 - tCLCL -25 - ns
PSEN pulse width t pLPH 153 3tcLcL-35 ns
PSEN to valid instruction |t p v - 88 - 3tcLcL-100 |ns
in
Input instruction hold t pxix 0 - 0 - ns
after
PSEN
Input instruction float tpxizl) |- 43 - tcLcL - 20 ns
after
PSEN
Address valid after t pxay? |55 tcLcL -8 ns
PSEN
Address to valid t avIv - 198 - StelcL-115 |ns
instruction in
Address float to PSEN |t aozp|. 0 - 0 - ns

1 Interfacing the SAB 80C515-16 to devices with float times up to 55 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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SAB 80C515/80C535

AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1/tc oL = 3.5MHzto 16 MHz
min. | max. min. max.
External Data Memory Characteristics
RDpulse width tRLRH 275 |- 6 tccL— 100 |- ns
WR pulse width twewH 1275 |- 6tc oL —100 |- ns
Address hold after ALE |t | ax2 90 - 2tcicL—35 |- ns
RD to valid data in tri DV - 148 |- StcLcL — 165 |ns
Data hold after RD tRHDX 0 - 0 — ns
Data float after RD tRHDZ - 55 - 2tcicL—70 |ns
ALE to valid data in t LDV - 350 - 8tcicL — 150 |ns
Address to valid data in | taypy — 398 - 9tcLcL— 165 |ns
ALE to WR or RD t LWL 138|238  |3tc o —-50 |3tcc +50 |ns
"WR or RD high to ALE | tyHiH 23 103 tcLcL — 40 tcLcL + 40 ns
high
Address valid to WR tAvwL 120 |- Atc oL —130 |- ns
Data valid to WR transi- | toywx 13 - tcLcL — 50 - ns
tion
Data setup before WR | toywh 288 |- 7tccL —150 |- ns
Data hold after WR twHOX 13 - teLcL — 50 — ns
Address float after RD  [tg a7 - 0 - 0 ns
Semiconductor Group 45



SIEMENS

SAB 80C515/80C535

AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
Variable clock
Frequ. = 3.5 MHz to 16 MHz
min. max.
External Clock Drive
Oscillator period tcLeL 62.5 285 ns
Oscillator frequency lltc c. 0.5 16 MHz
High time tcHex 15 - ns
Low time tCLCX 15 = ns
Rise time tcLcH - 15 ns
Fall time tcHeL - 15 ns
V=05V = o
« 0.7V,
0.2V..—0.1
0.45V e
~— oy Foncx
fCHCL
External Clock Cycle
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit

16 MHz clock Variable clock

1/tc oL = 3.5MHz to 16 MHz

min. | max. min. max.
System Clock Timing
ALE to CLK OUT t, LsH 398 |- TtolcL—40 |- ns
CLK OUT high time tsHsL 85 - 2tcLcL—40 |- ns
CLK OUT low time tsi sH 585 - 10tc . —40 |- ns
;:_u; OUT low to ALE  |tg 23 103 |to oL — 40 to oL + 40 ns

9

fSLLH
—————

ALE

~

’(LLSH

CLK OUT /t_\ / \

fSLSH

\ -

Program Memory Access Data Memory Access MCTOG083

System Clock Timing
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AC Characteristics for SAB 80C515-20 / 80C535-20

Vec=5V+10%;Vgg=0V Tpo=0°Cto+70°C
(C_ for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Parameter Symbol Limit values Unit
20 MHz Variable clock
clock 1/tCLCL =3.5MHzto 20 MHz
min. | max. min. max.

Program Memory Characteristics

ALE pulse width t HLL 60 — 2tc oL —40 — ns
Address setup to ALE tavLL 20 — tcLcL — 30 — ns
Address hold after ALE t LAX 20 — tcLeL — 30 — ns
ALE low to valid instr in t v — 100 |- 4tc c— 100 | ns
ALE to PSEN tLpL 25 - tcLcL — 25 - ns
PSEN pulse width tel Py 115 | - StecL—35 - ns
PSEN to valid instr in toL v - 75 - 3teeL =75 | ns
Input instruction hold tpxx 0 — 0 - ns
after PSEN

Input instruction float toxiz | — 40 |- to oL — 10 ns
after PSEN

Address valid after PSEN | tpya,® |47 | - toLcL — 3 - ns
Address to valid instr in taviv — 190 |- StelcL—60 | ns
Address float to PSEN tazpL 0 - 0 - ns

%) Interfacing the SAB 80C515 / 80C535 microcontrollers to devices with float times up to 45 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
20 MHz Variable clock
clock 1fteLcL = 3.5 MHz to 20 MHz
min. | max. min. max.
External Data Memory Characteristics
RD pulse width tRLRH 200 |- 6 tc oL — 100 | — ns
WR pulse width twiwn | 200 | — 6 to oL — 100 | — ns
Address hold after ALE t LAx2 65 — 2tcicL—35 | - ns
RD to valid data in trLDV - 155 | - StelcL—95 | ns
Data hold after RD tRHDX 0 - 0 - ns
Data float after RD tRHDZ — 40 — 2tccL—60 | ns
ALE to valid data in t Lpv — 250 | - 8 tcLcL— 150 | ns
Address to valid data in tavDV — 285 | — 9tcLcL— 165 | ns
ALE to WR or RD tLwL 100 | 200 |3tcc—50 |[3tcc+50 |ns
Address valid to WR or RD | taywi 70 - 4tc oL —130 | - ns
WR or RD high to ALE twHLH 20 80 teLel — 30 teLcL + 30 ns
high
Data valid to WR transition tovwx 5 - tcLcL — 45 - ns
Data setup before WR touwn | 200 |- 7tecL — 150 | — ns
Data hold after WR twHox | 10 - teLcL — 40 - ns
Address float after RD trLAZ - 0 - 0 ns
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AC Characteristics (cont’d)

Parameter Symbol Limit Values Unit

Variable clock
1/t cL = 3.5MHz to 20 MHz

min. max.
External Clock Drive
Oscillator period tcLcL 50 285 ns
High time tcHex 12 tcicl — teLex ns
Low time tcLex 12 tcLel — tcHex ns
Rise time tcLcH - 12 ns
Fall time tcHeL - 12 ns

— CLCL

Voo =0.5V = =
« 0.7V,
fo.zv -0.1

0.45V «

fCLCX MCT00033
CHCL fCLCH

External Clock Cycle
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
20 MHz Variable clock
clock 1ftecL = 3.5 MHz to 20 MHz
min. | max. min. max.

System Clock Timing

ALE to CLKOUT t, L sH 310 |- 7telcL —40 |- ns
CLKOUT high time tshHsL 60 - 2tcicL—40 |- ns
CLKOUT low time ts| sH 460 | - 10tc . —40 | - ns
CLKOUT low to ALE high | tg | 10 |90 |t oL —40 to oL + 40 ns

fSLLH

™~

ALE

fLLSH

CLK OUT /l_\ /[_\_

fS LSH

\ =

Program Memory Access Data Memory Access MCT00083

External Clock Cycle
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ROM Verification Characteristics
Tao=25°C+5°C;Vc =5V £10%; Vgg =0V

Parameter Symbol Limit values Unit
min. max.

ROM Verification

Address to valid data tavov - 48 teLcL ns
ENABLE to valid data teLov - 48 tc oL ns
Data float after ENABLE |teqoz 0 48 toLcL ns
Oscillator frequency lltcL el |4 6 MHz
Address to valid data tavov - 48 toLcL ns

P1.0-P1.7 b
F2 0—P2 4 —ir Address

—

Address: P1.0-P1.7=A0-A7
P2.0-P2.4=A8-A12
Data: P0.0-P0.7=D0-D7

. _ avay
Port0 g Data OUT }
-+
feov | | feraz
P27 W\
“NABLE

MCTO0049

Inputs: P2.5-P2.6, PSEN=V;

ALE, EA= ¥y
RESET = Ve

ROM Verification
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Waveforms

fLHLL

ALE ]l—\t /—\—

fA\/ LL

~— Ty —

fLLPL

fLLN

- fPLIV -

PSEN

.

[ S
AZPL — foxay =

== i e
== Fox ‘ T

f l( jl 4
Port0 )—{( A-AT { Instr )}){( AD-A7 >—<

fAVIV

Port2 X A8-A15 X A8-A15

MCTOD096

Program Memory Read Cycle

= e =
ALE / \

-/

PSEN

= fuw

~ fLLWL fRLRH

- fRLDV ~

- fAVLL I~ - fRHDZ -~
! fLLAXZ =~
= = faz — ‘* Terox
FAO-A7 from XX)/\ { AO—A7 ) Instr.
Port0 > { R or 0Pl \/ Data IN /\_from PCL IN
~ fAVWL - ™
fA\/DV
[
Port2 X P2.0-P2.7 or A8-A15 from DPH X AB-A15 from PCH

MCTN0097

Data Memory Read Cycle
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=y =
ALE /
A

= \

-t hy ———
J
WR
} /
| == Tovux
-t =~ == = fmox
- fLLAXZ -
%VWH
{A0-A7 from \f AD—-A7
Port0 :>—§‘ R o DPL ;X‘ Data OUT from PCL >—< Instr.IN
fAVWL
/
Port2 )}t P2.0-P2.7 or A8-A15 from DPH X AB-A15 from PCH

MCT00098

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| yin for a logic ‘1" and V|| max for a logic '0'.

Data Memory Write Cycle

C
| —400xTaL1 N.C. 490 yraL
F* 3.5-20 MHz ==
C
| JSE PO 39 ALz
External Oscillator
Signal
C = 30pF *10pF Es000%s
(incl. stray capacitance)
Crystal Oscillator Mode Driving from External Source
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 deviation from the load voltage Vo u/Vg occurs. | g/l g =20 mA.

Recommended Oscillator Circuits
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VCC _O.5V

0.2 Vo +0.9V
Test Points

0.2 Voe=0.1V
0.45V =

MCT00037

AC Testing: Input, Output Waveforms

\VOH—O.W
7/ Vo +0.1V

MCTO0038

Timing Reference

Vload Points

AC Testing: Float Waveforms

SMD = Surface Mounted Device
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Package Outlines

Plastic Package, P-LCC-68 — SMD
(Plastic Leaded Chip-Carrier)

.8
£ 9 E
0.81 max. = le 12x45°
— ] |-— 0|00
oY
T
34x
127 | |~———23.3t03 — = =—{=[0.38 WA-BD
43101
043121 L 7018 WA-BIDI68X ' PO—

-2032 —»

+Lr@
imininimiminininininininininininin

N N N N

==
- D4D{t007

J————

e I e e e e e
N N O i

_Q_
Gm Index Marking
0.5x45° - 1.1x45° -

3x

- o401 t00T)

-——25 98 0%

1) Does not include plastic or metal protrusion of 0.15 max. per side

Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.

SMD = Surface Mounted Device Dimensions in mm
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Package Outlines

Plastic Package, P-MQFP-80 — SMD
(Plastic Metric Quad Flat Package)

03+°% . 1012 MA-BIDICI8Ox
" ={2[0.2 |A-B[D]8OX
14 5[02]A-BID[H]4x
— - D
IJHHIJDDHHH! NHE0ARAAD T
i g !
P Sl ' i
80 R
Index Marking 1
_||06x45°

1) Does not include plastic or metal protrusion of 0.25 max. per side

Sorts of Packing
Package outlines for tubes, trays

etc. are contained in our

Data Book “Package Information”.

SMD = Surface Mounted Device Dimensions in mm
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High-Performance SAB 80C515A / 83C515A-5
8-Bit CMOS Single-Chip Microcontroller

Preliminary

SAB 83C515A-5 Microcontroller with factory mask-programmable ROM

SAB 80C515A Microcontroller for external ROM

e SAB 80C515A / 83C515A-5, up to 18 MHz operation frequency
e 32 Kx 8 ROM (SAB 83C515A-5 only, ROM-Protection available)
e 256 x 8 on-chip RAM
e Additional 1 K x 8 on-chip RAM (XRAM)
e Superset of SAB 80C51 architecture:
1 ups instruction cycle time at 12 MHz
666 ns instruction cycle time at 18 MHz
256 directly addressable bits
Boolean processor
64 Kbyte external data and program memory addressing
e Three 16-bit timer/counters
e Versatile "fail-safe" provisions
e Twelve interrupt vectors, four priority levels selectable
e Genuine 10-bit A/D converter with 8 multiplexed inputs
e Full duplex serial interface with programmable Baudrate-Generator
e Functionally compatible with SAB 80C515
e Extended power saving mode
e Fast Power-On Reset
e Seven ports: 48 I/O lines, 8 input lines
e Two temperature ranges available:
0to 70 °C (T1)
— 4010 85 °C (T3)
e Plastic packages: P-LCC-68 and P-MQFP-80

The SAB 80C515A/83C515A-5 is a high-end member of the Siemens SAB 8051
microcontroller family. It is designed in Siemens ACMOS technology and based on the
SAB 8051 architecture. ACMOS is a technology which combines high-speed and density
characteristics with low-power consumption or dissipation.

While maintaining all the SAB 80C515 features and operating characteristics the

SAB 80C515A/83C515A-5 contains more on-chip RAM/ROM. Furthermore a new 10-bit A/D-
Converter is implemented as well as extended security mechanisms. The SAB 80C515A is
identical with the SAB 83C515A-5 except that it lacks the on-chip program memory. The
SAB 80C515A / 83C515A-5 is supplied in a 68-pin plastic leaded chip carrier package
(P-LCC- 68) and in a 80-pin plastic metric quad flat package (P-MQFP-80).

Versions for extended temperature range — 40 to + 110 °C are available on request.
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Device Specifications

10-bit ADC

KRAM
Tk x 8

¢ SAB 80C515/80C5H35 ¢

. RAM
Oscillator Walchdog —» WGiChdﬂg 256 1 8 Port 0 [/0
HW Power 10 cPU §-b17 Port 1 L0
Down Power [/8-bit ADCZ/ T2 (80C51-Core) [ USART
Mode, —» | Soving T Port 2 L/0
Slow Down Modes
Mode ROM 8k x 8
Port 6 Port 5 Fort 4 RoM Profection available | Port 3 10
Ancleg/ 1/0  1/0 ROM
Digtal 2k x &
Input ROM Protection available
Shaded areas meaning improved functionality MCAD1 560
Ordering Information
Type Ordering Package Description
Code 8-Bit CMOS microcontroller
SAB 80C515A-N18 Q67120-C0581 |P-LCC-68 |for external memory, 18 MHz
SAB 83C515A-5N18 Q67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
18 MHz
SAB 80C515A-N18-T3 |Q67120-C0784 |P-LCC-68 |for external memory, 18 MHz
ext. temperature — 40 to + 85 °C
SAB 83C515A-5N18-T3 |Q67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
18 MHz
ext. temperature — 40 to + 85 °C
SAB 80C515A-M18-T3 |Q67120-C0851 |P-MQFP-80 |for external memory, 18 MHz
ext. temperature — 40 to + 85 °C
SAB 83C515A-5M18-T3 | Q67120-DXXXX |P-MQFP-80 |with mask-programmable ROM,
18 MHz
ext. temperature — 40 to + 85 °C

Notes:

Versions for extended temperature range — 40 to + 110 °C on request.

The ordering number of ROM types (DXXXX extension) is defined after program release

(verification) of the customer.
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Vee s
XTAL1 g‘fgif
XTALZ
Fort 1
8- Bit
Vaer Port 2
Viaenn 8-Bit
SAB
Port 6 | 80C515A B
8-Bif 83C515A-5
Fort 4
HWPD —————m 8—Bit
PE/SWD ——» Port 5
8-Bit
FA —»
EA ALE
RESET ———» PSEN
MCI 01582
Logic Symbol
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The pin functions of the SAB 80C515A are identical with those of the SAB 80C515 with
following exception:

Pin SAB 80C515A SAB 80C515
68 HWPD Vee

1 P0.4/ADST P4.0

4 PE/SWD PE

‘E
2 |2
hmwﬂnﬂﬂfﬁgqfwnﬁnq
d—d—d-‘drd-‘md-ﬁ-wgmmmmmmm
o T T T s N e Y Y o Y o N o o Y Y s Y o I s Y s N o
A rarrAarArarraraarararirir
3 1 61 )
RESET 010 O 60 1 P5.7
Viper L 1 PO.7
Vienn [0 ] PO.6
P6.7 [ [ PO.5
P6.6 [ [l PO.4
P6.5 [ [ PO.3
P6.4 [ [ PO.2
P6.3 [ ] PO.1
P6.2 [ SAB 80C515A/83C515A-5 ] P0.0
P6.1 [ [ EA
P6.0 [ ] ALE
RxD/P3.0 [ [] PSEN
TxD/P3.1 [0 [ P2.7
INTO/P3.2 0 [ P2.6
INT1/P3.3 [0 ] P2.5
T0/P3.4 [0 [ P2.4
T1/P3.5 (26 44 P2.3
\ 27 43 )
LI L JL VL VL L L JL L L L1
QM@ N T O 88959
PR Aot o SR AR MOROISE
\\\b\\:&\ﬁ;\;‘ S <
|§‘§S = E‘EI— |—"£‘|—
SolzZzz =z Z| =
TN
© SRR
OOV O

Pin Configuration
(P-LCC-68)
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o la}
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NOowTOn~=NdO GGl gedNmTno
<r<r<r<r<r|L|J<r<r<r-.§-mmmmmmm
oo Z2ZTZ0o000000
AO0O00O0000000000000 000

/80 75 70 65 61
RESET [{1 O 60[] P5.7
N.C. ] ] P0.7/ AD7
VAREF [] ] P0.6 / AD6
VAGND [] ] P0.5/AD5
P6.7 / AIN7 |5 ] P0.4/AD4
P6.6 / AIN6 [] 55[1 P0.3/AD3
P6.5/AIN5 [] ] P0.2/ AD2
P6.4 / AIN4 ] ] P0.1/AD1
P6.3/AIN3 ] ] P0.0/ ADO
P6.2/ AIN2 []10 SAB 80C515A / 80C515A-5 L1 N.C.
P6.1/AIN1 ] 50[1 N.C.
P6.0/ AINO [] ] EA
N.C. [] ] ALE
N.C. ] ] PSEN
P3.0/RXDO []15 ] N.C.
P3.1/TXDO [ 45[7 P2.71/A15
P3.2/INTO [] ] P2.6/A14
P3.3/INTL ] ] P2.5/A13
P3.4/T0 ] ] P2.4/A12
P3.5/T1 []20 417 P2.3/A11
21 25 30 35 40
OO oog O
n:odlgl—xlgmwﬂooowmgjg?ggg
ERSEZEE8888988833323
©y dHdTgowlwsm INENB
e ao0owIEEEE oo
~=pnZ2Z2Z2|Z2 e
© o ~ Y~~~
i MmN Ao
a g
[ a Iy a By a
N.C. pins must not be connected.

Pin Configuration

(P-MQFP-80)
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Pin Definitions and Functions

Symbol Pin Pin Input (1) Function
P-LCC-68 |P-MQFP-80 |Output (O)
P4.0-P4.7 |1-3,5-9 72-74, I/0 Port 4
76-80 is an 8-bit bidirectional 1/0 port with internal

pull-up resistors. Port 4 pins that have 1's writ-
ten to them are pulled high by the internal pull-
up resistors, and in that state can be used as
inputs. As inputs, port 4 pins being externally
pulled low will source current (I |, in the DC

characteristics) because of the internal pull-up
resistors.

P4 also contains the external A/D converter
control pin. The output latch corresponding to
a secondary function must be programmed to
a one (1) for that function to operate. The sec-
ondary function assigned to port 6:

— ADST(P4.0): external A/D converter start

pin

PE/SWD |4 75 Power saving mode enable/Start Watch-
dog Timer

A low level on this pin allows the software to
enter the power down, idle and slow down
mode. In case the low level is also seen during
reset, the watchdog timer function is off on de-
fault.

Use of the software controlled power saving
modes is blocked, when this pin is held on
high level. A high level during reset performs
an automatic start of the watchdog timer im-
mediately after reset.

When left unconnected this pin is pulled high
by a weak internal pull-up resistor.

RESET 10 1 Reset pin

A low level on this pin for the duration of two
machine cycles while the oscillator is running
resets the SAB 80C515A. A small internal
pullup resistor permits power-on reset using
only a capacitor connected to Vgg

V AREF1 11 3 Reference voltage for the A/D converter

VAGND 12 4 Reference ground for the A/D converter
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Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P6.7-P6.0

13-20

5-12

Port 6

is an 8-bit unidirectional input port to the A/
D converter. Port pins can be used for digital
input, if voltage levels simultaneously meet
the specifications high/low input voltages, and
for the eight multiplexed analog inputs.

P3.0-P3.7

21-28

15-22

I/O

Port 3

is an 8-bit bidirectional 1/O port with internal
pullup resistors. Port 3 pins that havel's
written to them are pulled high by the internal
pullup resistors, 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 resistors. Port 3 also contains the
interrupt, timer, serial port and external
memory strobe pins that are used by various
options. The output latch corresponding to a
secondary function must be programmed to a
one (1) for that function to operate. The
secondary functions are assigned to the pins
of port 3, as follows:

— R x D (P3.0): serial port’s receiver data
input (asynchronous) or data

input/output (synchronous)

— T xD (P3.1): serial port’s transmitter data
output (asynchronous) or

clock output (synchronous)

— INTO(P3.2): interrupt O input/timer O gate

control input

— INT1(P3.3): interrupt 1 input/timer 1 gate

control input
— TO (P3.4):
— T1(P3.5):
— WR(P3.6):

counter O input
counter 1 input

the write control signal
latches the data byte from
port O into the external data
memory

— RD(P3.7):  the read control signal
enables the external data

memory to port 0
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Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P1.7 -
P1.0

29-36

24-31

I/0

Port 1

is an 8-bit bidirectional 1/0 port with internal
pullup resistors. Port 1 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 1 pins being
externally pulled low will source current (I in
the DC characteristics) because of the internal
pullup resistors. The port is used for the low-
order address byte during program
verification. Port 1 also contains the interrupt,
timer, clock, capture and compare pins that
are used by various options. The output latch
corresponding to a secondary function must
be programmed to a one (1) for that function to
operate (except when used for the compare
functions). The secondary functions are
assigned to the port 1 pins as follows:

INT3/CCO (P1.0): interrupt 3 input/
compare 0 output /

capture 0 input

— INT4/CC1 (P1.1): interrupt 4 input /
compare 1 output /

capture 1 input

— INT5/CC2 (P1.2): interrupt 5 input /
compare 2 output /

capture 2 input

— INT6/CC3 (P1.3): interrupt 6 input /

compare 3 output /
capture 3 input

— INT2(P1.4):
— T2EX (P1.5):

interrupt 2 input

timer 2 external
reloadtrigger input

— CLKOUT (P1.6):
— T2 (P1.7):

system clock output

counter 2 input

XTAL2

39

36

XTAL2
Input to the inverting oscillator amplifier and
input to the internal clock generator circuits.
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Pin Definitions and Functions (cont'd)

Symbol Pin Pin Input (1) Function
P-LCC-68 |P-MQFP-80 |Output (O)

XTAL1 40 37 - XTAL1

Output of the inverting oscillator amplifier.

To drive the device from an external clock
source, XTAL2 should be driven, while XTAL1
is left unconnected. There are no require-
ments on the duty cycle of the external clock
signal, since the input to the internal clok-
king circuitry is divided down by a divide-by-
two flip-flop. Minimum and maximum high and
low times and rise/fall times specified in the
AC characteristics must be taken into account.

P2.0-P2.7 |41-48 38-45 I/10 Port 2

is an 8-bit 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
resistors when issuing 1's. During accesses to
external data memory that use 8-bit
addresses (MOVX@RI), port 2 issues the
contents of the P2 special function register.

PSEN 49 a7 O 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
six oscillator periods, except during external
data memory accesses. The signal remains
high during internal program execution.

ALE 50 48 O The Address Latch enable

output is used for latching the address into
external memory during normal operation. Itis
activated every six oscillator periods, except
during an external data memory access.
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Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

EA

51

49

External Access Enable

When held high, the SAB 80C515A executes
instructions from the internal ROM as long as
the PC is less than 32768. When held low, the
SAB 80C515A fetches all instructions from
external program memory. For the SAB
80C515A this pin must be tied low.

P0.0-PO.7

52-59

52-59

I/0

Port O

is an 8-bit open-drain bidirectional I/O port.
Port 0 pins that have 1's written to them float,
and in that state can be used as high-
impedance inputs.

Port 0 is also the multiplexed low-order
address and data bus during accesses to
external program and data memory. In this
application it uses strong internal pullup
resistors when issuing 1's.

Port 0 also outputs the code bytes during
program verification in the SAB 80C515A.
External pullup resistors are required during
program verification.

P5.7-P5.0

60-67

60-67

I/O

Port 5 is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 5 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 5 pins being
externally pulled low will source current

(I, in the DC characteristics) because of the
internal pullup resistors.

68

69

Hardware Power Down

A low level on this pin for the duration of one
machine cycle while the oscillator is running
resets the SAB 80C515A.

A low level for a longer period will force the
part to Power Down Mode with the pins float-
ing. (see table 5)

37

32,33

Supply voltage
during normal, idle, and power-down operation.

38

34, 35

Ground (0 V)

2,13,14, 23,
46, 50, 51,
68, 70, 71

Not connected
These pins of the P-MQFP-80 package must
not be connected.
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Functional Description

The SAB 80C515A is based on 8051 architecture. It is a fully compatible member of the
Siemens SAB 8051/80C51 microcontroller family being an significantly enhanced
SAB 80C515. The SAB 80C515A is therefore code compatible with the SAB 80C515.

Having an 8-bit CPU with extensive facilities for bit-handling and binary BCD arithmetics the
SAB 80C515A is optimized for control applications. With a 18 MHz crystal, 58 % of the
instructions are executed in 666.67 ns.

While maintaining all architectural and operational characteristics of the SAB 80C515 the SAB
80C515A incorporates more on-chip RAM. A new 10-bit A/D-Converter is implemented as well
as an oscillator watchdog unit. Also the maximum operating frequency of 18 MHz is higher than
at the SAB 80C515.

With exception of the ROM sizes both parts are identical. Therefore the therm SAB 80C515A
refers to both versions within this specification unless otherwise noted.
Memory Organisation

According to the SAB 8051 architecture, the SAB 80C515A has separate address spaces for
program and data memory. Figure 2 illustrates the mapping of address spaces.

FFFFH FFFF Y indirectly addressable
FRFFY hot used
FCO0Y ext.
f FBFFy - (XMAPO=1)
ext. . -
(XMAPO=0) indirect  direct
F800H OO/ addr
8000y
F7FFH FFH
TFFFH int.RAM SER
801
int, ext. ext.
(EA=1) (tA=0) 7Fy
int.RAM
0000y 0000y 004
e % 4
"Code Space’ "external Data Space’ “internal Data Space’
MCDO1 564
Figure 2
Memory Map
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Program Memory (‘Code Space")

The SAB 83C515A-5 has 32 Kbyte of on-chip ROM, while the SAB 80C515A has no internal
ROM. The program memory can externally be expanded up to 64 Kbyte. Pin EA determines
whether program fetches below address 8000y are done from internal or external memory.

As a new feature the SAB 83C515A-5 offers the possibility of protecting the internal ROM
against unauthorized access. This protection is implemented in the ROM-Mask. Therefore, the
decision ROM-Protection 'yes' or 'no' has to be made when delivering the ROM-Code. Once
enabled, there is no way of disabling the ROM-Protection.

Effect:  The access to internal ROM done by an externally fetched MOVC instruction is
disabled. Nevertheless, an access from internal ROM to external ROM is possible.

To verify the read protected ROM-Code a special ROM-Verify-Mode is implemented. This
mode also can be used to verify unprotected internal ROM.

ROM -Protection |ROM-Verification Mode Restrictions
(see 'AC Characteristics')
no ROM-Verification Mode 1 -

(standard 8051 Verification Mode)
ROM-Verification Mode 2

yes ROM-Verification Mode 2 — standard 8051
Verification Mode is
disabled

— externally applied MOVC
accessing internal ROM
is disabled

Semiconductor Group 6-13



SIEMENS Device Specifications

Data Memory (‘Data Space')

The data memory space consists of an internal and an external memory space.The

SAB 80C515A contains another 1 Kbyte on On-Chip RAM additional to the 256-bytes internal
RAM of the base type SAB 80C515. This RAM is called XRAM (‘extended RAM") in this
document.

External Data Memory

Up to 64 Kbyte external data memory can be addressed by instructions that use 8-bit or 16-bit
indirect addressing. For 8-bit addressing MOVX instructions in combination with registers RO

and R1 can be used. A 16-bit external memory addressing is supported by a 16-bit datapointer.
Registers XPAGE and SYSCON are controlling whether data fetches at addresses F800 to

FBFFy are done from internal XRAM or from external data memory.

Internal Data Memory
The internal data memory is divided into four physically distinct blocks:

— the lower 128 bytes of RAM including four register banks containing eight
registers each

— the upper 128 byte of RAM
— the 128 byte special function register area.

— a1l K x 8 area which is accessed like external RAM (MOVX-instructions), implemented on
chip at the address range from F800y to FBFFy. Special Function Register SYSCON
controls whether data is read from or written to XRAM or external RAM.

A map of the internal data memory is shown in figure 2. The overlapping address spaces of the
standard internal data memory (256 byte) are accessed by different addressing modes (see
User's Manual SAB 80C515). The stack can be located anywhere in the internal data memory.

Architecture of the XRAM

The contents of the XRAM is not affected by a reset or HW Power Down. After power-up the
contents is undefined, while it remains unchanged during and after a reset or HW Power Down
if the power supply is not turned off.

The additional On-Chip RAM is logically located in the "external data memory" range at the
upper end of the 64 Kbyte address range (F8004-FBFF). Nevertheless when XRAM is
enabled the address range F800y to FFFF is occupied. This is done to assure software
compatibility to SAB 80C517A. Itis possible to enable and disable (only by reset) the XRAM. If
it is disabled the device shows the same behaviour as the parts without XRAM, i.e. all MOVX
accesses use the external bus to physically external data memory.
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Accesses to XRAM

Because the XRAM is used in the same way as external data memory the same instruction
types must be used for accessing the XRAM.

Note: Ifareset occurs during a write operation to XRAM, the effect on XRAM depends on the
cycle which the reset is detected at (MOVX is a 2-cycle instruction):

Reset detection at cycle 1:  The new value will not be written to XRAM. The old value
is not affected.

Reset detection at cycle 2:  The old value in XRAM is overwritten by the new value.

Accesses to XRAM using the DPTR

There are a Read and a Write instruction from and to XRAM which use one of the 16-bit DPTR
for indirect addressing. The instructions are:

MOVX A, @DPTR (Read)
MOVX @DPTR, A (Write)

Normally the use of these instructions would use a physically external memory. However, in the
SAB 80C515A the XRAM is accessed if it is enabled and if the DPTR points to the XRAM
address space (DPTR = F800y).

Accesses to XRAM using the Registers RO/R1

The 8051 architecture provides also instructions for accesses to external data memory range
which use only an 8-bit address (indirect addressing with registers RO or R1). The instructions
are:

MOVX A, @Ri (Read)
MOVX @Ri, A (Write)

In application systems, either a real 8-bit bus (with 8-bit address) is used or Port 2 serves as
page register which selects pages of 256-byte. However, the distinction, whether Port 2 is
used as general purpose I/O or as "page address" is made by the external system design. From
the device’s point of view it cannot be decided whether the Port 2 data is used externally as
address or as 1/0O data!

Hence, a special page register is implemented into the SAB 80C515A to provide the possibility
of accessing the XRAM also with the MOVX @RI instructions, i.e. XPAGE serves the same
function for the XRAM as Port 2 for external data memory.
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Special Function Register XPAGE

Addr. 91 XPAGE

The reset value of XPAGE is 004.
XPAGE can be set and read by software.

The register XPAGE provides the upper address byte for accesses to XRAM with MOVX @RI
instructions. If the address formed from XPAGE and Ri is less than the XRAM address range,
then an external access is performed. For the SAB 80C515A the contents of XPAGE must be
greater or equal than F8 in order to use the XRAM. Of course, the XRAM must be enabled if
it shall be used with MOVX @RI instructions.

Thus, the register XPAGE is used for addressing of the XRAM; additionally its contents are
used for generating the internal XRAM select. If the contents of XPAGE is less than the XRAM
address range then an external bus access is performed where the upper address byte is
provided by P2 and not by XPAGE!

Therefore, the software has to distinguish two cases, if the MOVX @RI instructions with paging
shall be used:

a) Access to XRAM: The upper address byte must be written to XPAGE or P2;
both writes selects the XRAM address range.

b) Access to external memory: The upper address byte must be written to P2; XPAGE will
be loaded with the same address in order to deselect the
XRAM.
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Control of XRAM in the SAB 80C515A

There are two control bits in register SYSCON which control the use and the bus operation
during accesses to the additional On-Chip RAM (XRAM).

Special Function Register SYSCON

Addr. 0B1y4 XMAP1 | XMAPO |SYSCON
Bit Function
XMAPO Global enable/disable bit for XRAM memory.
XMAPO =0: The access to XRAM (= On-Chip XDATA memory) is en-
abled.
XMAPO = 1: The access to XRAM is disabled. All MOVX accesses are
performed by the external bus (reset state).
XMAP1 Control bit for / RD/WRsignals during accesses to XRAM; this bit has no

effect if XRAM is disabled (XMAPO = 1) or if addresses exceeding the

XRAM address range are used for MOVX accesses.

XMAP1 = 0: The signals RD and WR are not activated during accesses
to XRAM.

XMAP1 = 1: The signals RD and WR are activated during accesses to
XRAM.

Reset value of SYSCON is XXXX XX01B.

The control bit XMAPO is a global enable/disable bit for the additional On-Chip RAM (XRAM).
If this bit is set, the XRAM is disabled, all MOV X accesses use external memory via the external
bus. In this case the SAB 80C515A does not use the additional On-Chip RAM and is compatible
with the types without XRAM.
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XMAPO is hardware protected by an unsymmetric latch. An unintentional disabling of XRAM
could be dangerous since indeterminate values would be read from external bus. To avoid this
the XMAP-bit is forced to '1' only by reset. Additionally, during reset an internal capacitor is
loaded. So after reset state XRAM is disabled. Because of the load time of the capacitor
XMAPO-bit once written to '0' (that is, discharging capacitor) cannot be set to '1' again by
software. On the other hand any distortion (software hang up, noise, ...) is not able to load this
capacitor, too. That is, the stable status is XRAM enabled. The only way to disable XRAM after
it was enabled is a reset.

The clear instruction for XMAPO should be integrated in the program initialization routine before
XRAM is used. In extremely noisy systems the user may have redundant clear instructions.

The control bit XMAP1 is relevant only if the XRAM is accessed. In this case the external RD
and WR signals at P3.6 and P3.7 are not activated during the access, if XMAP1 is cleared. For
debug purposes it might be useful to have these signals and the addresses at Ports 0.2
available. This is performed if XMAP1 is set.

The behaviour of Port 0 and P2 during a MOVX access depends on the control bits in register
SYSCON and on the state of pin EA. The table 1 lists the various operating conditions. It shows
the following characteristics:

a) Use of PO and P2 pins during the MOVX access.

Bus: The pins work as external address/data bus. If (internal) XRAM
is accessed, the data written to the XRAM can be seen on the bus in
debug mode.

I/0:  The pins work as Input/Output lines under control of their latch.
b) Activation of the RD and WR pin during the access.
c) Use of internal or external XDATA memory.

The shaded areas describe the standard operation as each 80C51 device without on-chip
XRAM behaves.
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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 special function registers include arithmetic registers,
pointers, and registers that provide an interface between the CPU and the on-chip peripherals.
There are also 128 directly addressable bits within the SFR area. All special function registers
are listed in table 2 and table 3.

In table 2 they are organized in numeric order of their addresses. In table 3 they are organized
in groups which refer to the functional blocks of the SAB 80C515A.

Table 2
Special Function Register
Address Register Contents Address Register Contents
after Reset after Reset
80y PO D OFFy 98y SOCON b 00y
81 SP 07y 99, SBUF XXy 2
82y DPL 00y 9A4 reserved XXy ?
834 DPH 00y 9By reserved XXy ?
84 (WDTL) 9Chx reserved XXy ?
85 (WDTH) 9Dy reserved XXy ?
86 WDTREL 00y 9EL reserved XXy ?
874 PCON 00y 9F reserved XXy ?
88, TCON D 00y A0 P2 1) OFF
89 TMOD 00y Al reserved XXy ?
8A4 TLO 00y A2, reserved XXy 2
8By TL1 00y A3y reserved XXy ?
8Ch THO 00y Ady reserved XXy 2
8Dy TH1 00y A5, reserved XXy ?
8Eq reserved XXy 2 A6y reserved XXy 2
8Fy reserved XXy ? ATy reserved XXy 2
90y P1Y) OFF A8y IENO 00y
91, XPAGE XXy A9y, IPO 00y
92, reserved XXy 2 AA, SRELL 0D9y
934 reserved XXy 2 ABy reserved XXy 2
94y reserved XXy ? ACy reserved XXy ?
95 reserved XXy 2 ADy reserved XXy 2
96y reserved XXy ? AEy reserved XXy ?
974 reserved XXy 2 AFy reserved XXy 2

1) Bit-addressable special function registers
2) X means that the value is indeterminate and the location is reserved
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Table 2: Special Function Register (cont’d)

Address Register Contents Address Register Contents
after Reset after Reset
BOy P31 OFF DOy PSW U 00y
Bl SYSCON  |XXXX XX01g2 |D1 reserved | XXy?
B2y reserved XXy 2 D2y reserved XXy ?
B34 reserved XXy 2 D3y reserved XXy ?
B4y reserved XXy 2 D4, reserved XXy ?
B54 reserved XXy ? D54 reserved XXy ?
B6y reserved XXy 2 D6y reserved XXy 2
B74 reserved XXy 2 D74 reserved XXy ?
B8, EN1 Y 00 D8y, ADCONOY |00
B9y IP1 XX00 000052 |D9y ADDATH |00y
BAH SRELH XXXX XX11g2 |DAH{ ADDATL 004
BBy reserved XXy 2 DBy P6 XX?
BCy reserved | XXy? DV ADCVON1 | XXXX 0000g 2
BDy reserved XXy 2 DDy reserved XX?
BEH{ reserved XXy 2 DEy{ reserved XXy?
BFy reserved XXy 2 DFy reserved XX?
COy IRCOND |00y EOy ACCY 00y
Cly CCEN 00y Ely reserved XXy ?
C2y CCL1 00y E24 reserved XXy 2
C3y CCH1 00y E3y reserved XX 2
Cay CCL2 00y E4y, reserved XXy 2
C5y CCH2 00y E5H reserved XXy 2
64 ggh% 00, E6y, reserved  |XXy?
C7q 004 E74 reserved XXp 2
C8y T2COND |00y E8y P41 OFF
C9y reserved XXy 2 E9%4 reserved XXy 2
CA4 CRCL 00y EAH reserved  |XXy?
CBy CRCH 00y EBy reserved XXy 2
CCh TL2 00y ECy reserved  |XXy?
CDy TH2 00y EDy reserved XXy 2
CEy reserved XXy ? EEL reserved XXy ?
CFy reserved XXy 2 EFy reserved XXy 2

1) Bit-addressable special function registers
2) X means that the value is indeterminate and the location is reserved
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Table 2: Special Function Register (cont’d)

Address Register Contents Address Register Contents
after Reset after Reset

FOy B 1 00y F8y P57 00F

Fly reserved XXy ? Foy reserved XXy ?

F24 reserved XXy ? FAY reserved XXy ?

F34 reserved XXy ? FBy

F4y, reserved XXy 2 FCh

F5, reserved XXy ? FDy

= reserved XXy ? FEq

F7h reserved XXy 2 FFy

1) Bit-addressable special function registers

2) X means that the value is indeterminate and the location is reserved
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Table 3
Special Function Registers - Functional Blocks
Block Symbol Name Address |Contents
after Reset
CPU ACC Accumulator OEOH D 00y
B B-Register OFOH D 00y
DPH Data Pointer, High Byte 834 00y
DPL Data Pointer, Low Byte 82y 00y
PSW Program Status Word Register ODOy D 00y
SP Stack Pointer 81y 07y
A/D- ADCONO |A/D Converter Control Register 0  |0D8y D 00y
Converter |ADCON21 |A/D Converter Control Register 1  |0DC 0XXX 0000g 3
ADDATH |A/D Converter Data Reg. High Byte |0D9y 00n
ADDATL |A/D Converter Data Reg. Low Byte |ODAK 00y
Interrupt ENO Interrupt Enable Register O 0A84 D 00n
System IEN1 Interrupt Enable Register 1 0B84y D 00y
IPO Interrupt Priority Register 0 0A9y 00y
IP1 Interrupt Priority Register 1 0B9y XX00 0000g
IRCONO |Interrupt Request Control Register |0COy Y 00y
TCON 2 | Timer Control Register 88y v 00y
T2CON 2 |Timer 2 Control Register 0C84 00y
Compare/ CCEN Comp./Capture Enable Reg. 0C14 00y
Capture- CCH1 Comp./Capture Reg. 1, High Byte |0C34 00n
Unit CCH2 Comp./Capture Reg. 2, High Byte |0C5 00y
(CCU) CCH3 Comp./Capture Reg. 3, High Byte |0C7 00y
CCL1 Comp./Capture Reg. 1, Low Byte  |0C2 00y
CCL2 Comp./Capture Reg. 2, Low Byte  |0C4y 00y
CCL3 Comp./Capture Reg. 3, Low Byte 0C6y 00y
CRCH Com./Rel./Capt. Reg. High Byte 0CBy 00y
CRCL Com./Rel./Capt. Reg. Low Byte 0CAH 00y
TH2 Timer 2, High Byte 0CDy 004
TL2 Timer 2, Low Byte 0CCq 00y
T2CON Timer 2 Control Register ocsy b 00y
XRAM XPAGE Page Address Register for Exten- |91 00y
ded On Chip RAM
SYSCON |XRAM Control Register 0B1y XXXX XX01g 3

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 indeterminate and the location is reserved
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Table 3
Special Function Registers - Functional Blocks (cont’'d)
Block Symbol Name Address |Contents
after Reset
Ports PO Port 0 80 D OFFH
P1 Port 1 90H 1) OFFH
P2 Port 2 0AOy D OFF4
P3 Port 3 0BOy OFF4
P4 Port 4 OE8H{ D OFF4
P5 Port 5 OF8y b OFF4
P6 Port 6, Analog/Digital Input 0DBy
Pow.Sav.M |PCON Power Control Register 87 00y
ode
Serial ADCONO 2 |A/D Converter Control Reg. oD8y b 00y
Channels PCON 2 Power Control Register 87y 00y
SBUF Serial Channel Buffer Reg. 99y OXXK?
SCON Serial Channel Control Reg. 98y b 00y
SRELL Serial Channel Reload Reg., AAY D9y
low byte
SRELH Serial Channel Reload Reg., BAH XXXX XX11g 3
high byte
Timer 0/ TCON Timer Control Register 88y v 00y
Timer 1 THO Timer 0, High Byte 8CH 00y
TH1 Timer 1, High Byte 8Dy 00y
TLO Timer O, Low Byte 8AH 00y
TL1 Timer 1, Low Byte 8By 00y
TMOD Timer Mode Register 89y 00y
Watchdog IENO 2 Interrupt Enable Register O 0A84 D 004
IEN1 2 Interrupt Enable Register 1 0B84y D 00y
IPO 2 Interrupt Priority Register 0 0A9 00y
P12 Interrupt Priority Register 1 0B9y XX00 0000g
WDTREL |Watchdog Timer Reload Reg. 86H 00y

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 indeterminate and the location is reserved

Semiconductor Group 6-24



SIEMENS

Device Specifications

A/D Converter

In the SAB 80C515A a new high performance / high-speed 8-channel 10-bit A/D-Converter
(ADC) is implemented. Its successive approximation technique provides 7 us conversion time
(fosc = 16 MHz). The conversion principle is upward compatible to the one used in the

SAB 80C515. The main functional blocks are shown in figure 3.

The comparator is a fully differential comparator for a high power supply rejection ratio and very
low offset voltages. The capacitor network is binary weighted providing genuinel10-bit

resolution.

The table below shows the sample time T g and the conversion time T ¢, which are dependend

on f ogc and a new prescaler.

f osc [MHz] Prescaler f Apc [MHZ] Sample Time |Conversion Time
(incl. sample time)
Ts [us] Tc [us]
12 +8 15 2.67 9.3
+16 0.75 5.33 18.66
16 +8 2.0 2.0 7.0
+16 1.0 1.0 14.0
18 +8 - - -
+16 1.125 3.55 12.4

The ADC is clocked (f o\pc) with f o5¢/8. Because of the ADC's maximum clock frequency of
2 MHz the prescaler (divide-by-2) has to be enabled (set Bit ADCL in SFR ADCON 1) when the
oscillator frequency (f ogc) is higher than 16 MHz.

Semiconductor Group 6-25



SIEMENS Device Specifications
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Figure 3
Block Diagram A/D Converter
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Timers /Counters

The SAB 80C515A contains three 16-bit timers/counters wich are useful in many applications
for timing and counting. the input clock for wach timer/counter is 1/12 of the oscillator frequency
in the timer operation or can be taken from an external clock source for the counter operation
(maximum count rate is 1/24 of the oscillator frequency).

— Timer/Counter O and 1

These timers/counters can operate in four modes:
Mode 0: 8-bit timer/counter with 32:1 prescaler
Mode 1. 16-bit timer/counter

Mode 2: 8-bit timer/counter with 8-bit auto-reload

Mode 3: Timer/counter O is configured as one 8-bit timer/counter and one
8-bit timer; Timer/counter 1 in this mode holds its count.

External inputs INTO and INT1 can be programmed to function as a gate for timer/counters 0
and 1 to facilitate pulse width measurements.

— Timer/Counter 2

Timer/counter 2 of the SAB 80C515A is a 16-bit timer/counter with several additional features.
It offers a 2:1 prescaler, a selectable gate function, and compare, capture and reload functions.
Corresponding to the 16-bit timer register there are four 16-bit capture/compare registers, one
of them can be used to perform a 16-bit reload on a timer overflow or external event. Each of
these registers corresponds to a pin of port 1 for capture input/compare output.

Figure 4 shows a block diagram of timer/counter 2.

Reload

A 16-bit reload can be performed with the 16-bit CRC register consisting of CRCL and CRCH.
There are two modes from which to select:

Mode 0: Reload is caused by a timer 2 overflow (auto-reload).

Mode 1. Reload is caused in response to a negative transition at pin T2EX
(P1.5), which can also request an interrupt.
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Capture

This feature permits saving of the actual timer/counter contents into a selected register upon
an external event or a software write operation. Two modes are provided to latch the current
16-bit value of timer 2 registers TL2 and THZ2 into a dedicated capture register.

Mode 0: Capture is performed in response to a transition at the corresponding
port 1 pins CCO to CC3.

Mode 1. Write operation into the low-order byte of the dedicated capture
register causes the timer 2 contents to be latched into this register.

Compare

In compare mode, the 16-bit values stored in the dedicated compare registers are compared

to the contents of the timer 2 registers. If the count value in the timer 2 registers matches one
of the stored values, an appropriate output signal is generated and an interrupt is requested.

Two compare modes are provided:

Mode 0: Upon a match the output signal changes from low to high. It goes
back to low level when timer 2 overflows.

Mode 1. The transition of the output signal can be determined by software.
A timer 2 overflow causes no output change.
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Figure 4
Block Diagram of Timer/Counter 2
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Interrupt Structure

The SAB 80C515A has 12 interrupt vectors with the following vector addresses and request
flags.

Table 4

Interrupt Sources and Vectors

Source (Request Flags) Vector Address Vector

IEO 0003y External interrupt O
TFO 000By Timer O interrupt
IE1 00134 External interrupt 1
TF1 001By Timer 1 interrupt
Rl + TI 00234 Serial port interrupt
TF2 + EXF2 002BH Timer 2 interrupt
IADC 0043y A/D converter interrupt
IEX2 004By External interrupt 2
IEX3 00534 External interrupt 3
IEX4 005By External interrupt 4
IEX5 00634 External interrupt 5
IEX6 006BH External interrupt 6

Each interrupt vector can be individually enabled/disabled. The minimum response time to an
interrupt request is more than 3 machine cycles and less than 9 machine cycles, if no other
interrrupt of the same or a higher priority level is in process.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a low-level or a negative transition (selectable)
at their corresponding input pin, external interrupts 2 and 3 can be programmed for triggering
on a negative or a positive transition. The external interrupts 3 or 6 are combined with the
corresponding alternate functions compare (output) and capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs. Each pair can
be programmed individually to one of four priority levels by setting or clearing one bit in special
function register IPO and one in IP1.

Figure 6 shows the priority level structure.
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Figure 5
Interrupt Request Sources
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I/0 Ports

The SAB 80C515A has six 8-bit I/O ports and one input port. Port 0 is an open-drain
bidirectional 1/0O port, while ports 1 to 5 are quasi-bidirectional I/O ports with internal pull-up
resistors. That means, when configured as inputs, ports 1 to 5 will be pulled high and will source
current when externally pulled low. Port O will float when configured as input.

Port 0 and port 2 can be used to expand the program and data memory externally. During an
access to external memory, port 0 emits the low-order address byte and reads/writes the data
byte, while port 2 emits the high-order address byte. In this function, port O is not an open-drain
port, but uses a strong internal pull-up FET. Ports 1, 3 and 4 are provided for several alternate
functions, as listed below:

Port Symbol Function
P1.0 INT3/CCO External interrupt 3 input, compare 0 output, capture O input
P1.1 INT4/CC1 External interrupt 4 input, compare 1 output, capture 1 input
P1.2 INT5/CC2 External interrupt 5 input, compare 2 output, capture 2 input
P1.3 INT6/CC3 External interrupt 6 input, compare 3 output, capture 3 input
P1.4 INT2 External interrupt 2 input
P1.5 T2EX Timer 2 external reload trigger input
P1.6 CLKOUT System clock output
P1.7 T2 Timer 2 external count or gate input
P3.0 RxD Serial port’s receiver data input (asynchronous) or
data input /output (synchronous)
P3.1 TxD Serial port’s transmitter data output (asynchronous) or
clock output (synchronous)
P3.2 INTO External interrupt O input, timer O gate control
P3.3 INT1 External interrupt 1 input, timer 1 gate control
P3.4 T0 Timer 0 external counter input
P3.5 T1 Timer 1 external counter input
P3.6 WR External data memory write strobe
P3.7 RD External data memory read strobe
P4.0 ADST A/D Converter, external start of conversion

The SAB 80C515A has one dual-purpose input port. The ANXx lines of port 6 in the SAB 80C515
can individually be used as analog or digital inputs. Reading the special function register P6
allows the user to input the digital values currently applied to the port pins. It is not necessary
to select these modes by software; the voltages applied at port 6 pins can be converted to
digital values using the A/D converter and at the same time the pins can be read via SFR P6.
It must be noted, however, that the results in port P6 bits will be indeterminate if the levels at
the corresponding pins are not within their V, /V|y specifications. Furthermore, it is not possible
to use port P6 as an output port. Special function register P6 is located at address 0DBy.

In Hardware Power Down Mode the port pins and several control lines enter a floating state.
For more details see the section about Hardware Power Down Mode.
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Power Saving Modes

The SAB 80C515A provides — due to Siemens ACMOS technology — four modes in which
power consumption can be significantly reduced.

— The Slow Down Mode
The controller keeps up the full operating functionality, but is driven with one eight of its
normal operating frequency. Slowing down the frequency remarkable reduces power
consumption.

— The Idle Mode
The CPU is gated off from the oscillator, but all peripherals are still supplied with the clock
and continue working.

— The Software Power Down Mode
Operation of the SAB 80C515A is stopped, the on-chip oscillator and the RC-oscillator are
turned off. This mode is used to save the contents of the internal RAM with a very low
standby current and is fully compatible to the Power Down Mode of the SAB 80C515.

— The Hardware Power Down Mode
Operation of the SAB 80C515A is stopped, the on-chip oscillator and the RC-oscillator are
turned off. The pin HWPD controls this mode. Port pins and several control lines enter a
floating state. The Hardware Power Down Mode is new in the SAB 80C515A and is
independent of the state of pin PE/SWD (which enables only the software initiated power
reduction modes).

Hardware Enable for Software controlled Power Saving Modes

A dedicated pin PE/SWD of the SAB 80C515A allows to block the Software controlled power
saving modes. Since this pin is mostly used in noise-critical application it is combined with an
automatic start of the Watchdog Timer.

PE/SWD =V, (logic high level): Using of the power saving modes is not possible. The
watchdog timer starts immediately after reset. The
instruction sequences used for entering of power saving
modes will not affect the normal operation of the device.

PE/SWD =V, (logic low level): All power saving moes can be activated by software. The
watchdog timer can be started by software at any time.

When left unconnected, pin PE/SWD is pulled high by a weak internall pull-up. This is done to
provide system protection on default.

The logic-level applied to pin PE/SWD can be changed during program execution to allow or to
block the use of the power saving modes without any effect on the on-chip watchdog circuitry.
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Requirements for Hardware Power Down Mode

There is no dedicated pin to enable the Hardware Power Down Mode. The control pin PE/SWD
has no control function in this mode. It enables and disables only the use of software controlled
power saving modes.

Software Controlled Power Saving Modes

All of these modes are entered by software. Special function register PCON (power control
register, address is 87y) is used to select one of these modes.

Slow Down Mode

During slow down operation all signal frequencies that are derived from the oscillator clock, are
divided by eight, also the clockout signal and and the watchdog timer count.

The slow down mode is enabled by setting bit SD. The controller actually enters the slow down
mode after a short synchronisation period (max. 2 machine cycles).

The slow down mode is disabled by clearing bit SD.

Idle Mode

During idle mode all peripherals of the SAB 80C515A (except for the watchdog timer) are still
supplied by the oscillator clock. Thus the user has to take care which peripheral should
continue to run and which has to be stopped during Idle.

The procedure to enter the Idle mode is similar to the one entering the power down mode. The
two bits IDLE and IDLS must be set by two consecutive instructions to minimize the chance of
unintentional activating of the idle mode.

There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enabled interrupt. This interrupt will be
serviced and the instruction to be executed following the RETI instruction will be the one
following the instruction that set the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator is still
running, the hardware reset must be held active only for two machine cycles for a complete
reset.

Normally the port pins hold the logical state they had at the time idle mode was activated. If
some pins are programmed to serve their alternate functions they still continue to output during
idle mode if the assigned function is on. The control signals ALE and PSEN hold at logic high
levels (see table 5).
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Software Power Down Mode

The power down mode is entered by two consecutive instructions directly following each other.
The first instruction has to set the flag PDE (power down enable) and must not set PDS (power
down set). The following instruction has to set the start bit PDS. Bits PDE and PDS will
automatically be cleared after having been set.

The instruction that sets bit PDS is the last instruction executed before going into power down
mode. The only exit from power down mode is a hardware reset.

The status of all output lines of the controller can be looked up in table 5.

Hardware Controlled Power Down Mode

The pin HWPD controls this mode. If it is on logic high level (inactive) the part is running in the
normal operating modes. If pin HWPD gets active (low level) the part enters the Hardware
Power Down Mode; this is independent of the state of pin PE/SWD.

HWPD is sampled once per machine cycle. If it is found active, the device starts a complete
internal reset sequence. The watchdog timer is stopped and its status flag WDTS is cleared
exactly the same effects as a hardware reset. In this phase the power consumption is not yet
reduced. After completion of the internal reset both oscillators of the chip are disabled. At the
same time the port pins and several control lines enter a floating state as shown in table 5. In
this state the power consumption is reduced to the power down current IPD. Also the supply
voltage can be reduced. Table 5 also lists the voltages which may be applied at the pins during
Hardware Power Down Mode without affecting the low power consumption.

Termination of HWPD Mode:

This power down state is maintained while pin HWPD is held active. If HWPD goes to high level
(inactive state) an automatic start up procedure is performed:

— First the pins leave their floating condition and enter their default reset state (as they had
immediately before going to float state).

— Both oscillators are enabled. The oscillator watchdog’s RC oscillator starts up very fast (typ.
less than 2 ms).

— Because the oscillator watchdog is active it detects a failure condition if the on-chip oscillator
hasn't yet started. Hence, the watchdog keeps the part in reset and supplies the internal
clock from the RC oscillator.

— Finally, when the on-chip oscillator has started, the oscillator watchdog releases the part
from reset with oscillator watchdog status flag set.
When automatic start of the watchdog was enabled (PE/SWD connected to V), the

Watchdog Timer will start, too (with its default reload value for time-out period).
— The Reset pin overrides the Hardware Power Down function, i.e. if reset gets active during
Hardware Power Down it is terminated and the device performs the normal

resetfunction.(Thus, pin Reset has to be inactive during Hardware Power Down Mode).
function.(Thus, pin Reset has to be inactive during Hardware Power Down Mode).
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Table 5
Status of all pins during Idle Mode, Power Down Mode and Hardware Power
Down Mode
Pins Idle Mode Power Down Mode Hardware Power
Last instruction Last instruction Down
executed from executed from
internal external internal external Status
ROM ROM ROM ROM
PO Data float Data floatV
P1 Data Dat Data Data floating ¥
alt outputs |alt outputsa |last outputs |last outputs
P2 Data Address Data Data
P3 Data Data Data Data outputs
alt outputs |alt outputs |last output last output
P4 Data Data Data Data disabled
alt outputs |alt outputs |last outputs |last output
P5 Data Data Data Data input
alt output | alt output last output last output
P6 b b b b function
EA active input?
PE/SWD active input pull-up
disabled
XTAL1 active output
XTAL2 disabled input
function V)
PSEN high high low low floating output
ALE high high low low
VAREE active supply pins?®
VAGND
RESET active input must
be high

1) Applied voltage range at pin Vgs <Vn € Ve

2 _ _
) Vin = Vss OF Vi = Ve
Vss < Vin < Vee V arer 2 VagND
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Serial Interface

The SAB 80C515A has a full duplex and receive buffered serial interface. It is functionally

identical with the serial interface of the SAB 8051.

Table 6 shows possible configurations and the according baud rates.

Table 6
Baud Rate Generation
Mode Mode O
8-Bit Baud- fOSC =12 MHz |1 MHz
syn- rate _
chron- fosc =16 MHz |1.33 MHz
ous fOSC =18 MHz (1.5 MHz
channel
derived from fosc
Mode Mode 1
8-Bit Baud- |fogc =12 MHz |1 Baud - 62.5 kBaud 183 Baud — 375 kBaud
UART  frate ¢ =16 MHz |1 Baud — 83 kBaud 244 Baud — 500 kBaud
fosc =18 MHz |1 Baud — 93.7 kBaud 2375 Baud —562.5 kBaud
derived from Timer 1 10-Bit Baudrate
Generator
Mode Mode 2 Mode 3
9-Bit Baud- |fogc =12 MHz |187.5 kBaud/ |1 Baud — 183 Baud —75 kBaud
UART rate 375 kBaud 62.5 kBaud
fosc=16 MHz |250 Baud/ 1 Baud — 244 Baud — 500 kBaud
500 kBaud 83.3 kBaud
fosc =18 MHz |281.2 kBaud/ |1 Baud — 275 Baud — 562.5 kBaud
562.5 kBaud [93.7 kBaud
derived from fosc/2 Timer 1 10-Bit
Baudrate
Generator
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The Serial Interface can operate in 4 modes:

Mode O:

Mode 1:

Mode 2:

Mode 3:

Shift register mode:

Serial data enters and exits through R x D. T x D outputs the shift clock 8 data bits
are transmitted/received (LSB first). The baud rate is fixed at 1/12 of the oscillator
frequency.

8-bit UART, variable baud rate:

10-bit are transmitted (through T x D) or received (through R x D): a start bit (0), 8
data bits (LSB first), and a stop bit (1). On reception, the stop bit goes into RB80 in
special function register SCON. The baud rate is variable.

9-bit UART, fixed baud rate:

11-bit are transmitted (through T x D) or received (through R x D): a start bit (0), 8
data bits (LSB first), a programmable 9th, and a stop bit (1). On transmission, the 9th
data bit (TB80 in SCON) can be assigned to the value of 0 or 1. For example, the
parity bit (P in the PSW) could be moved into TB80 or a second stop bit by setting
TB80 to 1. On reception the 9th data bit goes into RB80 in special function register
SCON, while the stop bit is ignored. The baud rate is programmable to either 1/32 or
1/64 of the oscillator frequency.

9-bit UART, variable baud rate:

11-bit are transmitted (through T x D) or received (through R x D): a start bit (0), 8
data bits (LSB first), a programmable 9th, and a stop bit (1). In fact, mode 3 is the
same as mode 2 in all respects except the baud rate. The baud rate in mode 3 is
variable.

Variable Baud Rates for Serial Interface

Variable baud rates for modes 1 and 3 of serial interface can be derived from either timer 1 or
a new dedicated Baudrate Generator.

The baud rate is generated by a free running 10-bit timer with programmable reload register.

2 SMOD x fOSC
64 * (210 - SREL)

Mode 1.3 baud rate =

The default value after reset in the reload registers SRELL and SRELH provides a baud rate of
4.8 kBaud (SMOD = 0) or 9.6 kBaud (SMOD = 1) at 12 MHz oscillator frequency. This
guarantees full compatibility to the SAB 80C515.
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Fail Safe Units

The SAB 80C515A 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 512 us up to
appr. 1.1 s @12 MHz. Upward compatible to SAB 80C515 watchdog timer.

— 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 controls the restart
from the Hardware Power Down Mode and provides the clock for a fast internal reset after
power-on.

Programmable Watchdog Timer
The WDT can be activated by hardware or software.

Hardware initialization is done when pin PE/SWD (Pin 4) is held high during RESET. The
SAB 80C515A then starts program execution with the WDT running. Since pin PE/SWD is only
sampled during Reset, the WDT cannot be started externally during normal operation.

Software initialization is done by setting bit SWDT in SFR IEN1.

A refresh of the watchdog timer is done by setting bits WDT (SFR IENO) and SWDT
consecutively. This double instruction sequence has been implemented to increase system
security.

When a watchdog timer reset occurs, the watchdog timer keeps on running, but a status flag
WDTS (SFR IPO0) is set. This flag can also be cleared by software.

Figure 7 shows the block diagram of the programmable Watchdog Timer.

Oscillator Watchdog
The unit serves three functions:

— Monitoring of the on-chip oscillator’s function.
The watchdog monitors the on-chip oscillator’s frequency; if it is lower than the frequency of
the auxiliary RC oscillator in the watchdog unit, the internal clock is supplied by the RC
oscillator and the device is forced into reset; if the failure condition disappears (i.e. the on-
chip oscillator has again a higher frequency than the RC oscillator), the part executes a final
reset phase of appr. 0.25 ms in order to allow the oscillator to stabilize; then the oscillator
watchdog reset is released and the part starts program execution again.

— Restart from the Hardware Power Down Mode.
If the Hardware Power Down Mode is terminated the oscillator watchdog has to control the
correct start-up of the on-chip oscillator and to restart the program. The oscillator watchdog
function is only part of the complete Hardware Power Down sequence; however, the
watchdog works identically to the monitoring function.

— Fast internal reset after power-on.
In this function the oscillator watchdog unit provides a clock supply for the reset before the
on-chip oscillator has started. In this case the oscillator watchdog unit also works identically
to the monitoring function.
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Figure 8 shows the block diagram of the oscillator watchdog unit. It consists of an internal RC
oscillator which provides the reference frequency for the frequency comparator.

0 7
Soe /12| <16 o
| WDTL —
|
14 8
WDT Reset-Request
- s WDTH —
i IPO(0A9y)
L D] [ [ [ [ [ ]
Hardware Power Down HWPD# |>
External HW-Reset ‘ ‘
PE/SWD 71 6 0
WDTREL
L
MCBO1495

Control Logic
WDT IENO.6
SWDT IEN1.6(0B8H)

Figure 7
Block Diagram of the Programmable Watchdog Timer

RC fre s fi l
Oscillator i
Frequency fa<fy Dela
Comparator / zl -
r int.
f Reset
XTALT
o]
IPO{OA9,
st T
XTAL2
gl
=2 .
‘ O int. Clock
-~ .—>
o MCBO1569

Figure 8
Functional Block Diagram of the Oscillator Watchdog
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Fast internal reset after power-on

The SAB 80C515A can use the oscillator watchdog unit for a fast internal reset procedure after
power-on.

Normally members of the 8051 family (like the SAB 80C515) enter their default reset state not
before the on-chip oscillator starts. The reason is that the external reset signal must be
internally synchronized and processed in order to bring the device into the correct reset state.
Especially if a crystal is used the start up time of the oscillator is relatively long (typ. 1 ms).
During this time period the pins have an undefined state which could have severe effects e.g.
to actuators connected to port pins.

In the SAB 80C515A the oscillator watchdog unit avoids this situation. After power-on the
oscillator watchdog’s RC oscillator starts working within a very short start-up time (typ. less than
2 ms). In the following the watchdog circuitry detects a failure condition for the on-chip oscillator
because this has not yet started (a failure is always recognized if the watchdog’s RC oscillator
runs faster than the on-chip oscillator). As long as this condition is valid the watchdog uses the
RC oscillator output as clock source for the chip rather than the on-chip oscillator’s output. This
allows correct resetting of the part and brings also all ports to the defined state.

Delay time between power-on and correct reset state:

Typ.: 18 us
Max.: 34 us

Instruction Set

The SAB 80C515A / 83C515A-5 has the same instruction set as the industry standard 8051
microcontroller.

A pocket guide is available which contains the complete instruction set in functional and
hexadecimal order. Furtheron it provides helpful information about Special Function Registers,
Interrupt Vectors and Assembler Directives.

Literature Information

Title Ordering No.
Microcontroller Family SAB 8051 Pocket Guide B158-H6497-X-X-7600
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Absolute Maximum Ratings

Ambient temperature under bias

Storage temperature

Voltage on V¢ pins with respect to ground (Vss)
Voltage on any pin with respect to ground (Vgg)

Input current on any pin during overload condition
Absolute sum of all input currents during overload condition

Power dissipation

—-40to85°C

- 6510150 °C
—-05 Vto6e5V
-05t0Vec+05V
—10mAto + 10 mA
|100 mA|

1w

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 conditions 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 > Ve or V iy < Vss)
theVoltage on V¢ pins with respect to ground (Vss) must not exeed the values
definded by the absolute maximum ratings.

DC Characteristics

Vee =5V +10 %, — 15 %; Vg =0 V

T o= 0to 70 °C for the SAB 80C515A
T o =-40to 85 °C for the SAB 80C515A-T3

Parameter Symbol Limit Values Unit |Test condition
min. max.

Input low voltage ViL -05 02Vee |V -

(exept EA,RESET, HWPD) -0.1

Input low voltage EA Vi1 -05 02Vee |V -
-0.3

Input low voltage VL2 -0.5 02Vee |V -

(HWPD, RESET) +0.1

Input high voltage (exept ViH 0.2Vee |Vec+05 |V -

RESET, XTAL2 and HWPD) +0.9

Input high voltage to XTAL2  |V|y1 0.7Vee |Vec+05 |V -

Input high voltage to RESET  |V|y» 0.6 Vee |Vt 05 |V -

and HWPD
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DC Characteristics (cont'd)

Parameter Symbol Limit Values Unit |Test condition
min. max.

Output low voltage VoL - 0.45 \ lop =1.6 mAY
(ports 1, 2, 3, 4, 5)
Output low voltage VoL1 - 0.45 \Y loL =3.2mAY
(ports 0, ALE, RESET)
Output high voltage, VoH 2.4 - \% l on =— 80 pA
(portsl, 2, 3, 4, 5) 0.9Vee |™ \Y l oy =— 10 pA
Output high voltage VoH1 2.4 - \ | oy =— 800 pA
(port O in external bus mode,- 09Vce |~ \Y loq=— 80 pA?
ALE, PSEN)
Logic O input current IR -10 -70 MA  |V|N=2V
(ports 1, 2, 3, 4, 5)
Logical 1-to-0 transition I - 65 - 650 MA  |V|N=2V
current, ports 1, 2, 3,4, 5
Input leakage current Iy — + 100 nA  0.45<V|y<Vcc
(port O, EA, P6, HWPD) - 4+ 150 nA 0.45 <V, <Vee

Tpo>100°C
Input low current to RESET 2 -10 —-100 MA  |V|y=045Vv
for reset
Input low current (XTALZ2) I3 - -15 MA  |V|y=045V
Input low current (PE/SWD) I\ La - - 20 MA | V|y=0.45V
Pin capacitance Cio - 10 pF  |fc=1 MHz,

Ta= 25°C
Power-supply current:
Active mode, 12 MHz " -lec — 26 MA  |Vec=5V4
Active mode, 18 MHz " -lce - 35 mA  |Vec=5V*
ldle mode, 12 MHz " -lce - 11.8 mA |Vec=5V?Y
Idle mode, 18 MHz " -lce - 14.2 mA  |Vec=5V?d
Slow down mode, 12 MHz -lce - 9 mA  |Vec=5V"9
Slow down mode, 18 MHz -lce - 10 mA |Vec=5V®
Power Down Mode -lpp - 50 MA  |Vec=2..55V?
Notes see page 43.
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Notes for page 42:

1)

2)

3)

4)

5)

6)

7

Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed
on the Vo, of ALE and ports 1, 3, 4 and 5. 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.

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

Ipp (Software Power Down Mode) is measured under following conditions:

EA = RESET = V(; Port0 = Port6 = V¢; XTALL = N.C.; XTAL2 =Vgg;
ﬁ/SWD = VSS; HWPD = VCC; VAGND = VSS; VARef = VCC; all other pins are
disconnected.

Ilpp (Hardware Power Down Mode): independent of any particular pin connection.

lcc (active mode) is measured with:

XTALZ2 driven with tCLCH’ tCHCL =5ns, V”_ VSS + 0.5V, V|H VCC 0.5V; XTAL1=N.C.;
EA = PE/SWD = V; Port0 = Port6 = V¢; HWPD = V¢; RESET = Vgg;

all other pins are disconnected. | o would be slightly higher if a crystal oscillator is used
(appr. 1 mA).

lcc (Idle mode) is measured with all output pins disconnected and with all peripherals
disabled; XTAL2 driven with tq cH, tcheL =5 NS, Vi = Vg + 05V, Vi =V - 05V,
XTALL = N.C.; RESET = V¢¢; HWPD = V; Port0 = Port6 = Vcc; EA = PE/SWD = Vgg; all
other pins are disconnected;

I ¢ (slow down mode) is measured with all output pins disconnected and with all peripherals
disabled;

XTALZ2 driven with tCLCH’ t CHCL = =5ns, V”_ =V sS + 05V, V|H = VCC 0.5V; XTALl-=
N.C.; RESET =V¢c; HWPD =V; Port6 = Vc; EA = PE/SWD = Vgg; all other pins are
dlsconnected

Icc Max at other frequencies is given by:

active mode:/cc (max) = 1.5 x fogc + 8

idle mOde:ICC (maX)= 0.4 fOSC +7

where fogc is the oscillator frequency in MHz. I values are given in mA and
measured at Voc =5 V.
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A/D Converter Characteristics

Vec=5V+10%,-15%;Vgs=0V

Varer = Vec 5 %; Vagnp = Vss 0.2V,
Tpo= 0to70°C forthe SAB 80C515A/83C515A-5
TA=-401t085°C for the SAB 80C515A-T3/83C515A-5-T3

Parameter Symbol Limit values Unit | Test condition
min. typ. |max.

Analog input capacitance |C; 25 70 pF

Sample time Tg 4tey? |ps 2)

(inc. load time)

Conversion time Tc 14tV |ps 3

(inc. sample time)

Total unadjusted error TUE +2 LSB  |Varer = Ve
VaGND = Vss

VAREE SUpply current IREE + 20 HA

ADCL ADCL

Yoty = (872 ) fiosci (toy = Uiapc: fapc =fosc/(8*2 )

2 This parameter specifies the time during the input capacitance C| can be charged/discharged by the
external source. It must be guaranteed, that the input capacnance C, , is fully loaded within this time.
4TCY is 2 ps at the fogc= 16 MHz. After the end of the sample time TS, changes of the analog input
voltage have no effect on the conversion result.

® This parameter includes the sample time Tg_ 14TCY is 7 ps at fogc = 16 MHz.
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AC Characteristics

Vee=5V+10%,-15%;Vgg=0V

Tpo= 0to70°C for the SAB 80C515A/83C515A-5

Ta =-4010 85 °C for the SAB 80C515A-T3/83C515A-5-T3
(C for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Parameter Symbol Limit values Unit
18 MHz clock Variable clock
l/tc cL = 3.5MHzto 18 MHz
min. max. min. max.
Program Memory Characteristics
ALE pUlse width tLHLL 71 — 2 tC LCL — 40 - ns
Address setup to ALE tavLL 26 - tcLcL —30 — ns
Address hold after ALE |t} ax 26 — tcrLcL —30 — ns
ALE to valid tLL|V - 122 — 4 tC LCL— 100 ns
instruction in
ALE to PSEN tLLPL 31 — tC LCL — 25 — ns
PSEN pulse width tp PH 132 - 3tcLcL—35 - ns
PSEN to valid tPLIV - 92 - 3 tC LCL — 75 ns
instruction in
Input instruction hold tpxix 0 - 0 - ns
after PSEN
Input instruction float tpxiz - 46 - tcLcL— 10 ns
after PSEN
Address valid after tpxay? |48 — tcLcL—8 - ns
PSEN
Address to valid tAVIV — 218 - 5 tC LCL — 60 ns
instruction in
Address float to PSEN  |tazp. 0 — 0 - ns

) Interfacing the SAB 80C515A to devices with float times up to 45 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.

Semiconductor Group 6-47



SIEMENS

Device Specifications

AC Characteristics (cont’d)

Parameter Symbol Limit values Unit

18 MHz clock Variable clock

1/tc oL = 3.5MHzto 18 MHz

min max. min. max.
External Data Memory Characteristics
RD pulse width tRLRH 233 |- 6tc cL - 100 |- ns
WR pulse width twwn 1233 |- 6 tc oL — 100 |- ns
Address hold after tLax2 81 - 2tcLcL—30 - ns
ALE
RD to valid data in trRLDV - 128 |- S5tcicL— 150 |ns
DATA hold after RD tRHDX 0 - 0 - ns
Data float after RD tRHDZ - 51 - 2tccL—60 |ns
ALE to valid data in tupv — 294 - 8 tcLcL —150 |ns
Address to valid t aAvDV — 335 - 9tcLcL— 165 |ns
data in
ALE to WR or RD t Wi 117|217 |3tc =50  |3tccL+50 |ns
WR or RD high to twHLH 16 96 teLcL— 40 teLcL + 40 ns
ALE high
Address valid to WR taywL 92 - 4tc oL —130 |- ns
Data valid to WR tovwx 11 - teLcL — 45 — ns
transition
Data setup before WR | touwh 239 |- 7toicL-150 |- ns
Data hold after WR twHOX 16 - teLcL — 40 - ns
Address float after RD [ty a7 - 0 - 0 ns
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fLHLL

ALE \ ’ \

R T - fppy — =

fLLPL

-y

" "

o
%]
m
=

T . fAZPL . fPXE

el |- — ‘ Toxix

/
Port 0 >_<\ AD-A7 Instr. In AD-A7 > <

fAVW

/
Port 2 )\ AB-A15 A8-A15

MCT01497

Program Memory Read Cycle

— - fWHLH ——

ALE
PSEN \
fRLRH
RD /
- - fRHDZ -
fRHDX ‘
e e e A

/
Port 2 X P2.0-P2.7 or AB-A15 from DPH A8-A15 from PCH
\

MCTOO791

Data Memory Read Cycle
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—= fWHLH [——

2
N
g

—— fLLWL fWLWH
_ la
WR /

— fAVLL e— 4»‘ [e— fOVWX |- fWHQX
fQVWH
—=| fLLAX
AD-A7 from AO-A7 Instr.

Port 0 Rl or DPL Data Out XX from PCL In

fAVWL
Port 2 P2.0-P2.7 or AB-A15 from DPH X AB-A15 from PCH

MCT00792

Data Memory Write Cycle

Semiconductor Group 6-50



SIEMENS Device Specifications

AC Characteristics (cont'd)

Parameter Symbol Limit values Unit

Variable clock
Frequ. = 3.5 MHz to 18 MHz

min. max.

External Clock Drive

Oscillator period tcLel 55.6 285 ns
High time tcHex 20 tcLel-teLex ns
Low time tcLex 20 toLcL-tcHex ns
Rise time tcLcH - 20 ns
Fall time tcHeL - 20 ns
Oscillator frequency litcLc 3.5 18 MHz

0.7 Ve
0.45Y 0.2Vee=0.1V

fCHCL — - ——

MCT00793

f(f\(‘.l

External Clock Cycle
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit

18 MHz clock Variable clock

1/t ¢ cL = 3.5 MHz to 18 MHz

min. | max. min. max.
System Clock Timing
ALE to CLKOUT t LsH 349 |- TtolcL—40 |- ns
CLKOUT high time tsHsL 71 - 2tcicL—40 |- ns
CLKOUT low time tsiLsH 516 - 10tc L —40 |- ns
ﬁLI;OUT low to ALE tsLLH 16 96 to oL — 40 tc oL + 40 ns

9

| Fsun|~—
ALE / \ hf /_

fLLSH fSHSL - fLLSH
CLKOUT \ / \

fSLSH

T\ T\

Programm Memory Access Data Memory Access

RD, WR \ ’
MCT00794

System Clock Timing
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ROM Verification Characteristics
Tao=25°C+5°C; V=5V +10%, — 15%; Vgg =0V

Parameter Symbol Limit values Unit

min. max.

ROM Verification Mode 1 (Standard Verify Mode for not Read Protected ROM)

Address to valid data tavov - 48 toLcL ns
ENABLE to valid data teLov - 48 tc oL ns
Data float after ENABLE |teqoz 0 48 tc oL ns
Oscillator frequency ltccL |4 6 MHz

P1.0-P1.7 < > <
P2.0-P2.6 Address

favgy —=  |-—

Port 0 4<
felgy —™| - - g

p2.7

ENABLE

MCD01498

Address:  P1.0-P1.7=A0-A7 Inputs PSEN
P2.0-P2.6=A8-A14 ALE,EA
Data: P0.0-0.7=D0-D7 RESET

Vss
i
Vi

ROM Verification Mode 1
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ROM Verification Mode 2 (New Verify Mode for Protected and not Protected ROM)

AL 4 88 S5 54 S8 St 52 4 S5 8 52 0 §S
P2 P M P2 P2 P1P2Z P2 P2 P2 P2 P2 P2 P2 P2

sample RESET

RESET ‘
\_/

[\

intf. Resef ‘ | ‘ |
ALE || A hd |
o . |
o I |
| } | : |
1 1 ¥
ROM Code ROM Code | ROM Code
Port O adr 0000y \oadr 0001y f\ odr 00024
| |
MCDO1 498
RESET-State ! '
‘ Increment Address counter for external ROM ‘
Inputs  EA= W,

ALE forced to low level by a weck pull down resistor (approx.4000),
during RESET activ ROM—Code: Pert 0=D0-D7

Qutputs  Port 3.5 shows all 1024 cycles low level for one cycle
when compared ROM-Code was not alright

ROM Verification Mode 2
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P3.5 -
Compare
Result
Logic
SAB E
83C515A-5
ALE * -2
Address
Counter >
4000 16-Bit

Reset Adr. Counter

Ve Reset —L ggmpqre

f Reset
FA

Port 0 < Compare Code

I

MCRO1RT70

Application Example for Verifying the Internal ROM with ROM Verify Mode 2
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VCC _0.5\/
0.2V, +0.9V

Test Points

0.2V~0.1V

0.43Y
MCAOD597

AC Inputs during testing are driven at Voc — 0.5 V for a logic '1" and 0.45 V for a logic '0’. Timing
measurements are made at V|ymin for a logic '1’ and V) nax for a logic '0'.

AC Testing: Input, Output Waveforms

VDH _O. 1 V
Timing Reference

Points
/ Vo +0.1V

MCAQDBNOE

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 gn/V level occurs. I /gy = =20 mA.

AC Testing: Float Waveforms

| — | XTALT N.C. XTALT
MQFP-80/Pin 37 MQFP-80/Pin 37
P-LCC—68/Pin 40 P—LCC—68/Pin 40
F‘ 3.5-18 MHz =1
H I XTAL2 ’ XTALZ
MOFP-80/Pin 36 External Oscillator MQFP-80/Pin 35
P-LCC-68/Pin 39 Signal P-LCC-68/Pin 39
C = 30pF +10pF MCS02495
(incl. stray capacitance)
Crystal Oscillator Mode Driving from External Source

Recommended Oscillator Circuits
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High-Performance SAB 80C517A/83C517A-5

8-Bit CMOS Single-Chip Microcontroller

Preliminary

SAB 83C517A-5
SAB 80C517A

SAB 80C517A/83C517A-5,

up to 18 MHz operation

32 Kx 8 ROM (SAB 83C517A-5 only,
ROM-Protection available)

256 x 8 on-chip RAM

2 K x 8 on-chip RAM (XRAM)

Superset of SAB 80C51 architecture:

— 1 psinstruction cycle time at 12 MHz
— 666 ns instruction cycle time at 18 MHz
256 directly addressable bits
Boolean processor

64 Kbyte external data and

program memory addressing

Four 16-bit timer/counters

Powerful 16-bit compare/capture unit
(CCU) with up to 21 high-speed or PWM
output channels and 5 capture inputs
Versatile "fail-safe" provisions

Fast 32-bit division, 16-bit multiplication,
32-bit normalize and shift by peripheral
MUL/DIV unit (MDU)

Microcontroller with factory mask-programmable ROM
Microcontroller for external ROM

Eight data pointers for external memory
addressing

Seventeen interrupt vectors, four priority
levels selectable

Genuine 10-bit A/D converter with

12 multiplexed inputs

Two full duplex serial interfaces with
programmable Baudrate-Generators
Fully upward compatible with SAB 80C515,
SAB 80C517, SAB 80C515A

Extended power saving mode

e Fast Power-On Reset
e Nine ports: 56 I/O lines, 12 input lines

Three temperature ranges available:
0to 70 °C (T1)

— 40 to 85°C (T3)

— 40 to 110°C (T4)

Plastic packages: P-LCC-84,
P-MQFP-100-2

The SAB 80C517A/83C517A-5 is a high-end member of the Siemens SAB 8051 family of
microcontrollers. It is designed in Siemens ACMOS technology and based on SAB 8051
architecture. ACMOS is a technology which combines high-speed and density characteristics
with low-power consumption or dissipation.

While maintaining all the SAB 80C517 features and operating characteristics the

SAB 80C517A is expanded in its "fail-safe" characteristics and timer capabilities.The

SAB 80C517A is identical with the SAB 83C517A-5 except that it lacks the on-chip program
memory. The SAB 80C517A/83C517A-5 is supplied in a 84-pin plastic leaded chip carrier
package (P-LCC-84) and in a 100-pin plastic quad flat package (P-MQFP-100-2).
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SAB 80C517A/83C517A-5
Revision History 05.94
Previous Releases 01.94/08.93/11.92/10.91/04.91
Page Subjects (changes since last revision 04.91)
5 — Pin configuration P-MQFP-100-2 added
4 — Pin differences updated
6-14 — Pin numbers for P-MQFP-100-2 package added
several — Correction of P-MRFP-100 into P-MQFP-100-2
2 — Ordering information for -40 to +110°C versions
25,26,30 — Correction of register names SORELL, SCON, ADCON, ICRON,
and SBUF
33 — Figure 4 corrected
39 — Figure 8 corrected
57 — PE/SWD function description completed
60 — Correct ordering numbers
62 — Test condition for Vou, Von1 corrected
65 — tpx)z Name corrected
taviv tazpL values corrected
several — Minimum clock frequence is now 3.5 MHz
66 — tovwn (data setup before WR) corrected and added
68 — t Lax2 corrected
Page Subjects (changes since last revision 08.93)
25 — Corrected SFR name SORELL
51 — Below "Termination of HWPD Mode": 4th paragraph with ident
corrected
65 — Description of t | ;y corrected
67 — Program Memory Read Cycle: tpy A, added
74 — Oscillator circuit drawings: MQFP-100-2 pin numbers added.
Page Subjects (changes since last revision 01.94)
— Minor changes on several pages
47 — Table 6 corrected

Semiconductor Group 2
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SAB 80C517A/83C517A-5

SAB 80C517/80C537

& Dalapointer

10-bit ADC

XRAM

%k x8

Watchdog

Walchdog

I/t

MDU

Comp.

CCU~] Timer

8-hit ADC

10

12
T

(0C51-Core)

1/c
1/0

CRU 8-hit

USART

8-hit UART

Port 8] Port 7| Port 6

Port 5| Port 4

ROM

ROM Protection gvailable

Bl x 8

1/c

IR

§

?

Analog/ Andleg/ 1/0 1/0  1/0 ROM
Digitol  Digtol Wexd
. nput— Input ROM Protection availoble
improved functionality —
Ordering Information
Type Ordering Package Description
code 8-bit CMOS microcontroller
SAB 80C517A-N18 Q67120-C583 |P-LCC-84
for external memory,18 MHz
SAB 80C517A-M18 TBD P-MRFP-100
SAB 83C517A-5N18 Q67120-C582 |P-LCC-84 with mask-programmable ROM,
18 MHz
SAB 80C517A-N18-T3 Q67120-C769 |P-LCC-84 for external memory,18 MHz
ext. temperature — 40 to 85°C
SAB 83C517A-5N18-T3 |Q67120-C771 |P-LCC-84 with mask-programmable ROM,
18 MHz
ext. temperature — 40 to 85°C
SAB 83C517A-N18-T4 TBD P-LCC-84 for external memory, 18 MHz
ext. temperature -40 to +110°C
SAB 83C517A-5N18-T4 |TBD P-LCC-84 with mask-programmable ROM,
18 MHz
ext. temperature -40 to +110°C
Semiconductor Group 3
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Ve Vs
Port 7
A —
Port 0
Port 3 AN
i — R
v S Pt
AREF n “—— 8-bit
Vigw —— PR
_ ' “—— 8-hit
/W —> gap
Re—— gocsra K> L
'E% —®| 83C517A-5
—» <:> Port 4
8-bit
A —»
ALE <::'> Port 5
AL - 8-bit
PSEN «———
Port §
XA ———— @ 8-bif
YA ——
MCLO1478
Logic Symbol
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The pin functions of the SAB 80C517A are identical with those of the SAB 80C517/80C537 with
one exception:

Typ SAB 80C517A SAB 80C517/80C537

P-LCC-84, Pin 60
P-MQFP-100-2,Pin 36

HWPD N.C.

e N = M= S9N

ST SR I S SRR sl

o e e o o e

11 17" 84 75
Vaigno 12 74 1 P6.4
p7.7 O 1 P6.3
P7.6 [ 1 P6.2
P7.5 [ [ 1 P6.1
p7.4 || P6.0
p7.3 [ 1 owE
p7.2 [ [ 1 P5.0
P7.1 [ ] P51
p7.0 [ 1 p5.2
P3.0 [ SAB ] P53
P3.1 P5.4
P3.9 E BOCS17A/83C517A-5 % P55
F3.3 [ 1 P5.6
P34 [ ] P57
P35 O [1 HwPD
P3.6 [ 1 Po.7
P37 O [1 PO6
P1.7 O [ 1 PO.5
P1.6 [ 1 PO.4
P1.5 [ 1 PO.3
P1.4 []32 54 [ pPo.2

33 53

N

MN8N T TN T e F e s e T
Tabty EEQ&SEEEEEQ“ & MCPO1479

Pin Configuration
(P-LCC-84)

Semiconductor Group 5
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=
> S —2 g8
SinglEocEERE
B e RN RN e AT maTS . .o—am<o©
U OO OO OOl U e
ol o o O I I o e N i
- 7100 81 )
CC4/INT2/P1.4 ] 1 80 |2 P7.7

N.C. ] 2 Vienn

N.C. O = Virer

N.C. & [ N.C.

N.C. 2 N.C.
CC3/INTE/P1.3 ] = N.C.
CC2/INT5/P1.2 2 N.C.
CC1/INT4/P1.1 O] 2 RESET
CCO/INT3/P1.0 O] 2 P4.7/CM7

Vos O 2 P4.6/CM6

Voo o 2 P4.5/CM5

XTAL2 O] 2 P4.4/CM4
XTAL1 ] 2 P4.3/CM3

P2.0 O] [ PE/SWD

P2.1 O 2 P4.2/CM2

P29 SAB 80CS517A/83C517A-5 2 pa.1 /oM

P2.3 O [ P4.0/CMO

P2.4 < 2 Voo

P2.5 O] 2 Vi,

P2.6 — RO

P2.7 & [ P8.3

PSEN ] [ P8.2

ALE + [ P8.1

EA O [ P8.0

N.C. ] 2 P6.7

PO.0 2 P6.6

PO.1 O] 2 P6.5

N.C. ] 2 N.C.

N.C. O 2 N.C.

PO.2 ] 30 512 N.C.

(3 50 )
NENENESENENESESENESESENENSESENESESESENES
MY = ) W~ M~ @O W = M ] — O W S — & o=t
Sl O O O O R
I e s T aaSe oo
EFE=EE=E=E==== SR R |
CLoouuoo |QFx MCPO2151
Pin Configuration
(P-MQFP-100-2)
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Pin Definitions and Functions

Symbol

Pin Number

P-LCC-84

P-MQFP-100-2

/0™

Function

P4.0— P4.7

1-3,5-9

64 - 66,
68 - 72

I/O

Port 4

is a bidirectional 1/0 port with internal
pull-up resistors. Port 4 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, and in that
state can be used as inputs. As inputs,
port 4 pins being externally pulled low
will source current (I, in the DC char-
acteristics) because of the internal pull-
up resistors.

This port also serves alternate compare
functions. The secondary functions are
assigned to the pins of port 4 as follows:
— CMO (P4.0): Compare Channel O

— CML1 (P4.1): Compare Channel 1

— CM2 (P4.2): Compare Channel 2

— CM3 (P4.3): Compare Channel 3

— CM4 (P4.4): Compare Channel 4

— CM5 (P4.5): Compare Channel 5

— CM6 (P4.6): Compare Channel 6

— CMY7 (P4.7): Compare Channel 7

PE/SWD

67

Power saving modes enable Start
Watchdog Timer

A low level on this pin allows the soft-
ware to enter the power down, idle and
slow down mode. In case the low level
Is also seen during reset, the watchdog
timer function is off on default.

Use of the software controlled power
saving modes is blocked, when this pin
is held on high level. A high level during
reset performs an automatic start of the
watchdog timer immediately after reset.
When left unconnected this pin is pulled
high by a weak internal pull-up resistor.

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

RESET 10 73

RESET

A low level on this pin for the duration of
one machine cycle while the oscillator is
running resets the SAB 80C517A. A
small internal pull-up resistor permits
power-on reset using only a capacitor
connected to Vgg.

V AREF 11 78

Reference voltage for the A/D con-
verter.

V AGND 12 79

Reference ground for the A/D
converter.

pP7.7-P7.0 |13-20 80 - 87

Port 7

is an 8-bit unidirectional input port. Port
pins can be used for digital input, if
voltage levels meet the specified input
high/low voltages, and for the lower 8-
bit of the multiplexed analog inputs of
the A/D converter, simultaneously.

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol Pin Number I/0” [Function
P-LCC-84 |P-MQFP-100-2
P3.0-P3.7 |21 - 28 90 - 97 /O |Port3

is a bidirectional I/O port with internal pull-
up resistors. Port 3 pins that have 1 s
written to them are pulled high by the
internal pull-up resistors, 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 pull-up resistors.
Port 3 also contains the interrupt, timer,
serial port O and external memory strobe
pins that are used by various options. The
output latch corresponding to a secondary
function must be programmed to a one (1)
for that function to operate.

The secondary functions are assigned to
the pins of port 3, as follows:

— R x DO (P3.0): receiver data input
(asynchronous) or data input/output
(synchronous) of serial interface

— T xDO0 (P3.1): transmitter data output
(asynchronous) or clock output
(synchronous) of serial interface O

— INTO (P3.2): interrupt O input/timer O
gate control

—INT1 (P3.3): interrupt 1 input/timer 1
gate control

— TO (P3.4): counter O input
— T1 (P3.5): counter 1 input

— WR (P3.6):  the write control signal
latches the data byte from port O into the
external data memory

— RD (P3.7):  the read control signal
enables the external data memory to
port O

* 1 =Input
O = Output

Semiconductor Group 9
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Pin Definitions and Functions (cont'd)

Symbol

Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

P1.7 - P1.0

29 - 36

98 - 100,
1,6-9

I/10

Port 1

is a bidirectional I/O port with internal
pull-up resistors. Port 1 pins that have

1 s written to them are pulled high by the
internal pull-up resistors, and in that state
can be used as inputs. As inputs, port 1
pins being externally pulled low will source
current (l;., in the DC characteristics)
because of the internal pull-up resistors. It
is used for the low order address byte
during program verification. It also contains
the interrupt, timer, clock, capture and
compare pins that are used by various
options. The output latch must be
programmed to a one (1) for that function to
operate (except when used for the compare
functions).

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

— INT3/CCO (P1.0): interrupt 3 input/
compare 0 output /capture 0 input

— INT4/CC1 (P1.1): interrupt 4 input /
compare 1 output /capture 1 input

— INT5/CC2 (P1.2): interrupt 5 input /
compare 2 output /capture 2 input

— INT6/CC3 (P1.3): interrupt 6 input /
compare 3 output /capture 3 input

— INT2/CC4 (P1.4): interrupt 2 input/
compare 4 output /capture 4 input

— T2EX (P1.5): timer 2 external
reload trigger input

— CLKOUT (P1.6): system clock output
- T2 (P1.7): counter 2 input

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol

Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

XTAL2

39

12

XTAL2
Input to the inverting oscillator amplifier and
input to the internal clock generator circuits.

XTAL1

40

13

XTAL1

Output of the inverting oscillator amplifier.
To drive the device from an external clock
source, XTALZ2 should be driven, while
XTALL1 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 devided down
by a divide-by-two flip-flop. Minimum and
maximum high and low times as well as
rise/fall times specified in the AC
characteristics must be observed.

P2.0 - P2.7

41 - 48

14 -21

1/O

Port 2

is a bidirectional I/O port with internal pull-
up resistors. Port 2 pins that have 1 s
written to them are pulled high by the
internal pull-up resistors, and in that state
can be used as in-puts. As inputs, port 2
pins being externally pulled low will source
current (l;., in the DC characteristics)
because of the internal pull-up 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 pull-up resistors when
issuingl s. During accesses to external
data memory that use 8-bit addresses
(MOVX @Ri), port 2 issues the contents of
the P2 special function register.

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol

Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

PSEN

49

22

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 six oscillator periodes except during
external data memory accesses. Remains
high during internal program execution.

ALE

50

23

The Address Latch Enable

output is used for latching the address into
external memory during normal operation.
It is activated every six oscillator periodes
except during an external data memory
access

51

24

External Access Enable

When held at high level, instructions are
fetched from the internal ROM (SAB
83C517A-5 only) when the PC is less than
8000H. When held at low level, the SAB
80C517A fetches all instructions from ex-
ternal program memory. For the SAB
80C517A this pin must be tied low

P0.0 - PO.7

52 -59

26 - 27,
30-35

I/O

Port O

is an 8-bit open-drain bidirectional I/O port.
Port 0 pins that have 1 s written to them
float, and in that state can be used as high-
impe-dance 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 pull-up resistors when
issuing 1 s. Port O also out-puts the code
bytes during program verification in the
SAB 83C517A if ROM-Protection was not
enabled. External pull-up resistors are
required during program verification.

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

HWPD 60

36

Hardware Power Down

A low level on this pin for the duration of
one machine cycle while the oscillator is
running resets the SAB 80C517A. A low
level for a longer period will force the part to
Power Down Mode with the pins floating.
(see table 7)

P5.7 - P5.0 |61 - 68

37 -44

1/O

Port 5

is a bidirectional 1/0 port with internal pull-
up resistors. Port 5 pins that have 1 s
written to them are pulled high by the
internal pull-up resistors, and in that state
can be used as inputs. As inputs, port 5
pins being externally pulled low will source
current (l;., in the DC characteristics)
because of the internal pull-up resistors.
This port also serves the alternate function
"Concurrent Compare" and "Set/Reset
Compare". The secondary functions are
assigned to the port 5 pins as follows:

— CCMO to CCM7 (P5.0 to P5.7):
concurrent compare or Set/Reset

OWE 69

45

1/O

Oscillator Watchdog Enable

A high level on this pin enables the
oscillator watchdog. When left
unconnected this pin is pulled high by a
weak internal pull-up resistor. When held at
low level the oscillator watchdog function is
off.

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol

Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

P6.0 - P6.7

70-77

46 - 50,
54 - 56

I/10

Port 6

is a bidirectional I/O port with internal pull-
up resistors. Port 6 pins that have 1 s
written to them are pulled high by the
internal pull-up resistors, and in that state
can be used as inputs. As inputs, port 6
pins being externally pulled low will source
current (I ., in the DC characteristics)
because of the internal pull-up resistors.
Port 6 also contains the external A/D
converter control pin and the transmit and
receive pins for serial channel 1. The
output latch corresponding to a secondary
function must be programmed to a one (1)
for that function to operate.

The secondary functions are assigned to
the pins of port 6, as follows:

— ADST (P6.0): external A/D converter
start pin

— R xD1 (P6.1): receiver data input
of serial interface 1

— T xD1 (P6.2): transmitter data output
of serial interface 1

P8.0 - P8.3

78 - 81

57 - 60

Port 8

IS a 4-bit unidirectional input port. Port pins
can be used for digital input, if voltage
levels meet the specified input high/low
voltages, and for the higher 4-bit of the
multiplexed analog inputs of the A/D
converter, simultaneously

* 1 =Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Semiconductor Group 15

Symbol Pin Number I/0* |Function
P-LCC-84 P-MQFP-100-2
RO 82 61 @) Reset Output
This pin outputs the internally
synchronized reset request signal. This
signal may be generated by an external
hardware reset, a watchdog timer reset
or an oscillator watch-dog reset. The
reset output is active low.
Vs 37, 83 10, 62 - Circuit ground potential
Vee 38, 84 11, 63 - Supply Terminal for all operating
modes
N.C. - 2 -5, 25, - Not connected
28 - 29,
51 - 53,
74 - 77,
88 - 89
* 1 =Input
O = Output
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Functional Description

The SAB 80C517A is based on 8051 architecture. It is a fully compatible member of the
Siemens SAB 8051/80C51 microcontroller family being an significantly enhanced

SAB 80C517. The SAB 80C517A is therefore compatible with code written for the

SAB 80C517.

Having an 8-bit CPU with extensive facilities for bit-handling and binary BCD arithmetics the
SAB 80C517A is optimized for control applications. With a 18 MHz crystal, 58 % of the
instructions are executed in 666.67 ns.

Being designed to close the performance gap to the 16-bit microcontroller world, the
SAB 80C517A’'s CPU is supported by a powerful 32-/16-bit arithmetic unit and a more flexible
addressing of external memory by eight 16-bit datapointers.

Memory Organisation

According to the SAB 8051 architecture, the SAB 80C517A has separate address spaces for
program and data memory. Figure 2 illustrates the mapping of address spaces.

FFFFy FFFF
FFFFY
int. ext.
(wapo=0)| | (xwmapo=1)
ext. -
indirect direct
F800y F800 // addr. \\
8000y
F7FFY PPy
7FFF|.| int.RAM SFR
80y
int. ext, ext.
(EA=1) (EA=0) TFH
int.RAM
0000 0000 00y
N / N / N /
V V V
"Code Space’ "external Data Space’ "internal Data Space’

MCDO1487

Figure 2
Memory Map

Semiconductor Group 17
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Program Memory (‘Code Space")

The SAB 83C517A-5 has 32 Kbyte of on-chip ROM, while the SAB 80C517A has no internal
ROM. The program memory can externally be expanded up to 64 Kbyte. Pin EA controls
whether program fetches below address 8000H are done from internal or external memory.

As a new feature the SAB 83C517A-5 offers the possibility of protecting the internal ROM
against unauthorized access. This protection is implemented in the ROM-Mask.Therefore, the
decision ROM-Protection 'yes' or 'no' has to be made when delivering the ROM-Code. Once
enabled, there is no way of disabling the ROM-Protection.

Effect:  The access to internal ROM done by an externally fetched MOVC instruction
is disabled. Nevertheless, an access from internal ROM to external ROM is possible.

To verify the read protected ROM-Code a special ROM-Verify-Mode is implemented. This
mode also can be used to verify unprotected internal ROM.

ROM -Protection |ROM-Verification Mode Restrictions
(see 'AC Characteristics')
no ROM-Verification Mode 1 —

(standard 8051 Verification Mode)
ROM-Verification Mode 2

yes ROM-Verification Mode 2 — standard 8051
Verification Mode is
disabled

— externally applied MOVC
accessing internal ROM
is disabled

Semiconductor Group 18
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Data Memory (‘Code Space')

The data memory space consists of an internal and an external memory space. The
SAB 80C517A contains another 2 Kbyte on On-Chip RAM above the 256-bytes internal RAM
of the base type SAB 80C517. This RAM is called XRAM in this document.

External Data Memory

Up to 64 Kbyte external data memory can be addressed by instructions that use 8-bit or 16-bit
indirect addressing. For 8-bit addressing MOVX instructions in combination with registers RO
and R1 can be used. A 16-bit external memory addressing is supported by eight 16-bit
datapointers. Registers XPAGE and SYSCON are controlling whether data fetches at
addresses F800y to FFFFy are done from internal XRAM or from external data memory.

Internal Data Memory

The internal data memory is divided into four physically distinct blocks:

— the lower 128 bytes of RAM including four banks containing eight registers each
— the upper 128 byte of RAM

— the 128 byte special function register area.

— a2 K x 8 area which is accessed like external RAM (MOVX-instructions), implemented on
chip at the address range from F800y to FFFFy. Special Function Register SYSCON
controls whether data is read or written to XRAM or external RAM.

A mapping of the internal data memory is also shown in figure 2. The overlapping address
spaces are accessed by different addressing modes (see User's Manual SAB 80C517). The
stack can be located anywhere in the internal data memory.

Architecture for the XRAM

The contents of the XRAM is not affected by a reset or HW Power Down. After power-up the
contents is undefined, while it remains unchanged during and after a reset or HW Power Down
if the power supply is not turned off.

The additional On-Chip RAM is logically located in the "external data memory" range at the
upper end of the 64 Kbyte address range (F800-FFFFp). It is possible to enable and disable
(only by reset) the XRAM. If it is disabled the device shows the same behaviour as the parts
without XRAM, i.e. all MOVX accesses use the external bus to physically external data
memory.

Semiconductor Group 19
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Accesses to XRAM

Because the XRAM is used in the same way as external data memory the same instruction
types must be used for accessing the XRAM.

Note: Ifa reset occurs during a write operation to XRAM, the effect on XRAM depends on the
cycle which the reset is detected at (MOVX is a 2-cycle instruction):

Reset detection at cycle 1:  The new value will not be written to XRAM. The old value
is not affected.

Reset detection at cycle 2:  The old value in XRAM is overwritten by the new value.

Accesses to XRAM using the DPTR

There are a Read and a Write instruction from and to XRAM which use one of the 16-bit DPTR
for indirect addressing. The instructions are:

MOVX A, @DPTR (Read)
MOVX @DPTR, A (Write)

Normally the use of these instructions would use a physically external memory. However, in the
SAB 80C517A the XRAM is accessed if it is enabled and if the DPTR points to the XRAM

address space (DPTR 2 F800p).

Accesses to XRAM using the Registers RO/R1

The 8051 architecture provides also instructions for accesses to external data memory range
which use only an 8-bit address (indirect addressing with registers RO or R1). The instructions
are:

MOVX A, @Ri (Read)
MOVX @RI, A (Write)

In application systems, either a real 8-bit bus (with 8-bit address) is used or Port 2 serves as
page register which selects pages of 256-byte. However, the distinction, whether Port 2 is
used as general purpose I/O or as "page address" is made by the external system design. From
the device’s point of view it cannot be decided whether the Port 2 data is used externally as
address or as 1/0O data!

Hence, a special page register is implemented into the SAB 80C517A to provide the possibility
of accessing the XRAM also with the MOVX @RI instructions, i.e. XPAGE serves the same
function for the XRAM as Port 2 for external data memory.
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Special Function Register XPAGE

Addr. 91, XPAGE

The reset value of XPAGE is 00y.
XPAGE can be set and read by software.

The register XPAGE provides the upper address byte for accesses to XRAM with MOVX @RI
instructions. If the address formed from XPAGE and Ri is less than the XRAM address range,
then an external access is performed. For the SAB 80C517A the contents of XPAGE must be
greater or equal than F8H in order to use the XRAM. Of course, the XRAM must be enabled if
it shall be used with MOVX @RI instructions.

Thus, the register XPAGE is used for addressing of the XRAM; additionally its contents are
used for generating the internal XRAM select. If the contents of XPAGE is less than the XRAM
address range then an external bus access is performed where the upper address byte is
provided by P2 and not by XPAGE!

Therefore, the software has to distinguish two cases, if the MOVX @RI instructions with paging
shall be used:

a) Access to XRAM: The upper address byte must be written to XPAGE
or P2; both writes selects the XRAM address range.

b) Access to external memory: The upper address byte must be written to P2; XPAGE
will be loaded with the same address in order to deselect
the XRAM.
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Control of XRAM in the SAB 80C517A

There are two control bits in register SYSCON which control the use and the bus operation
during accesses to the additional On-Chip RAM (XRAM).

Special Function Register SYSCON

Addr. 0B1y — — — — — | XMAP1 | XMAPO |SYSCON
Bit Function
XMAPO Global enable/disable bit for XRAM memory.
XMAPO = 0: The access to XRAM (= On-Chip XDATA memory) is en-
abled.
XMAPO = 1: The access to XRAM is disabled. All MOVX accesses are per-
formed by the external bus (reset state).
XMAP1 Control bit for RD/WR signals during accesses to XRAM; this bit has no

effect if XRAM is disabled (XMAPO = 1) or if addresses exceeding the
XRAM address range are used for MOVX accesses.

XMAP1 = 0: The signals RD and WR are not activated during accesses
to XRAM.

XMAP1 = 1: The signals RD and WR are activated during accesses to
XRAM.

Reset value of SYSCON is xxxx xx01B.

The control bit XMAPO is a global enable/disable bit for the additional On-Chip RAM (XRAM).
If this bit is set, the XRAM is disabled, all MOV X accesses use external memory via the external
bus. In this case the SAB 80C517A does not use the additional On-Chip RAM and is compatible
with the types without XRAM.
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XMAPO is hardware protected by an unsymmetric latch. An unintentional disabling of XRAM
could be dangerous since indeterminate values would be read from external bus. To avoid this
the XMAP-bit is forced to '1' only by reset. Additionally, during reset an internal capacitor is
loaded. So after reset state XRAM is disabled. Because of the load time of the capacitor
XMAPO-bit once written to '0' (that is, discharging capacitor) cannot be set to '1' again by
software. On the other hand any distortion (software hang up, noise, ...) is not able to load this
capacitor, too. That is, the stable status is XRAM enabled. The only way to disable XRAM after
it was enabled is a reset.

The clear instruction for XMAPO should be integrated in the program initialization routine before
XRAM is used. In extremely noisy systems the user may have redundant clear instructions.

The control bit XMAP1 is relevant only if the XRAM is accessed. In this case the externa RD
and WR signals at P3.6 and P3.7 are not activated during the access, if XMAP1 is cleared. For
debug purposes it might be useful to have these signals and the addresses at Ports 0.2
available. This is performed if XMAP1 is set.

The behaviour of Port 0 and P2 during a MOVX access depends on the control bits in register
SYSCON and on the state of pin EA. The table 1 lists the various operating conditions. It shows
the following characteristics:

a) Use of PO and P2 pins during the MOVX access.

Bus: The pins work as external address/data bus. If (internal) XRAM is accessed, the
data written to the XRAM can be seen on the bus in debug mode.

I/0:  The pins work as Input/Output lines under control of their latch.
b) Activation of the RD and WR pin during the access.
c) Use of internal or external XDATA memory.

The shaded areas describe the standard operation as each 80C51 device without on-chip
XRAM behaves.
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Multiple Datapointers

As a functional enhancement to standard 8051 controllers, the SAB 80C517A contains eight
16-bit datapointers. The instruction set uses just one of these datapointers at a time. The
selection of the actual datapointer is done in special function register DPSEL (data pointer
select, addr. 92). Figure 3 illustrates the addressing mechanism.

===~ |-2.1.0

DPSEL Selectad
Data—

pointer

(3]
<

DFTR
DFTR
DFTR
DPTR
DFTR
DFTR
DFTR
DPTR

DPTRO

DPH(83y)  DPL(82p)

//"*“‘\\\\\ig4~///

External Data Memory

MCD0Q779

- - O O = = O
A O -~ O =~ O = o
~N O U Bk N = O

Figure 3
Addressing of External Data Memory
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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 81 special function registers include arithmetic
registers, pointers, and registers that provide an interface between the CPU and the on-chip
peripherals. There are also 128 directly addressable bits within the SFR area. All special
function registers are listed in table 1 and table 2.

In table 1 they are organized in numeric order of their addresses. In table 2 they are organized

in groups which refer to the functional blocks of the SAB 80C517A.

Table 2

Special Function Register

Address Register Contents Address Register Contents
after Reset after Reset

80 PO D FFy 98 SOCON |00y

81y SP 07y 99y, SOBUF XXy

82 DPL 00y 9AH IEN2 XX00 00X0g

83K DPH 00y 9BH S1CON 0X00 0000g

84y, (WDTL)®  [(00) 9CH S1BUF XXy

85y (WDTH) 3 (00) 9Dy S1RELL 004

86 WDTREL 00K 9EH reserved XXy

874 PCON 00y 9FH reserved XXy

88y, TCON D 00y A0 P2 1) FFy

894 TMOD 004 Aly COMSETL |00y

8AY TLO 00y A2y, COMSETH |00

8By TL1 00y A3y COMCLRL |00y

8Cyy THO 00y Adyy COMCLRH |00

8Dy TH1 00y A5y SETMSK |00y

8ENH reserved XXy 2 AbH CLRMSK 00H

8FH reserved XXny ? ATh reserved XXy 2

90 P1 Y FFH A8 IENO » 00y

91 XPAGE 00y A9y IPO 00y

92 DPSEL XXXXX000g |AAy SORELL D9y

934 reserved XXy ? ABy reserved XXy ?

944 reserved XXy ? ACH reserved XXy ?

95 reserved XXp? ADy reserved XXy ?

96 reserved XXy 2 AEH reserved XXy ?

97H reserved XXp? AFyH reserved XXy ?

1) Bit-addressable special function registers

2) X means that the value is indeterminate and the location is reserved
3) ()... SFRs not user accessable
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Table 2

Special Function Register (cont’d)

Address Register Contents Address Register Contents
after Reset after Reset

BOy P31 FFy DOy PSW D 00

Bly SYSCON  |XXXX XX0lg |Dlpy IRCON1 00

B2y reserved XXy ? D2y CMLO 00y

B3 reserved XXy ? D3H CMHO 00

B4y reserved XXy ? D4y CML1 00H

BS54 reserved XXy ? D5H CMH1 00H

B6y reserved XXy ? D6n CML2 00H

B7h reserved XXy ? D7y CMH2 00y

B8 IEN1Y 00 D8y ADCONO Y |00H

B9y IP1 XX00 0000g  |D9n ADDATH 00H

BAK SORELH XXXX XX11lg |DAY ADDATL 00y

BBy S1RELH XXXX XX11g |DBy P7 XX

BCH reserved XXH DChy ADCON1  |XXXX0000g

BDH reserved XXH DDy P8 XXH

BSH eserved  |XXH DEH CTRELL |00

BFy reserved XXH DFy CTRELH 00y,

COy IRCONO D |00y EOH ACC D 00

Cly CCEN 00H Ely CTCON 0X00 0000g

C2y CCL1 00 E2y CML3 XXy

C3H CCH1 O0H E3H CMH3 00H

Céy CCL2 004 E4p CML4 00y

C5h CCH2 00 E5H CMH4 00

Céy CCL3 004 E6y CML5 00

C7q CCH3 004 E7h CMH5 00

C8y T2COND |00y ES P41 FFy

C94 CC4EN 00 E9 MDO XX

CAy CRCL 004 EAY MD1 XXy

CBy CRCH 00y EBy MD2 XX

CChq TL2 00y ECH MD3 XXH

CDy TH2 004 EDy MD4 XXh

CEy CCL4 00y EEH MD5 XXH

CFH CCH4 00n EFn ARCON OXXX XXXXp

1) Bit-addressable special function registers
2) X means that the value is indeterminate and the location is reserved
3) ()... SFRs not user accessable
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Table 2

Special Function Register (cont’d)

Address Register Contents Address Register Contents
after Reset after Reset

FOH BY 00H F8H P51 FFH

Fly reserved XXH FOy reserved XXH

F2H CML6 00y FAH P6 FFH

F3H CMH6 00y FBy reserved XXH

Fay CML7 00y FCH reserved XXH

F5H CMH7 00y FDy (1S0) XXH

F6H CMEN 00H FEH (1S1) XXH

F7y CMSEL 00y FFy reserved XXH

1) Bit-addressable special function registers
2) X means that the value is indeterminate and the location is reserved
3) ()... SFRs not user accessable
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Table 3
Special Function Registers - Functional Blocks
Block Symbol Name Address |Contents
after Reset
CPU ACC Accumulator EOy ¥ 00y
B B-Register FOy v 00y
DPH Data Pointer, High Byte 83H 00y
DPL Data Pointer, Low Byte 824 00y
DPSEL Data Pointer Select Register 92, XXXX X000g
PSW Program Status Word Register DOy Y 00y
SP Stack Pointer 81y 074
A/D- ADCONO |A/D Converter Control Register 0 D8y Y 00y
Converter |ADCON1 |A/D Converter Control Register 1 DCH 00y
ADDATH A/D Converter Data Reg. High Byte |D9 00H
ADDATL A/D Converter Data Reg. Low Byte |DAy 00y
Interrupt IENO Interrupt Enable Register 0 A8 Y 00y
System CTCON 2 |Com. Timer Control Register Ely 0XXX.0000pg
IEN1 Interrupt Enable Register 1 B8y D 00H
IEN2 Interrupt Enable Register 2 9AH XXXX.00X0g 3
IPO Interrupt Priority Register O A9y, 00y
IP1 Interrupt Priority Register 1
IRCONO Interrupt Request Control Register EgH 1) z)(())( 0000008
IRCON1 Interrupt Request Control Register DlH OOH
TCON 2 Timer Control Register 88 H 1 OOH
TCON 2 Timer 2 Control Register H H
C8y 00y
MUL/DIV  |ARCON Arithmetic Control Register EFY OXXXX XXXXp
Unit MDO Multiplication/Division Register 0 E94 XXH
MD1 Multiplication/Division Register 1 EAH XXH
MD2 Multiplication/Division Register 2 EBH XXH
MD3 Multiplication/Division Register 3 ECH XXH
MD4 Multiplication/Division Register 4 EDH XXH
MD5 Multiplication/Division Register 5 EEH XXH

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 indeterminate and the location is reserved
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Table 3

Special Function Registers - Functional Blocks (cont'd)

Block Symbol Name Address |Contents

after Reset

Compare/ |CCEN Comp./Capture Enable Reg. Cly 00y

Capture- CC4EN Comp./Capture Enable 4 Reg. C9y 00y

Unit CCH1 Comp./Capture Reg. 1, High Byte  |C34 00y

(CCU) CCH2 Comp./Capture Reg. 2, High Byte  |C5y 00

Timer 2 CCH3 Comp./Capture Reg. 3, High Byte  |C7n 00y
CCH4 Comp./Capture Reg. 4, High Byte CFH 00y
CCL1 Comp./Capture Reg. 1, Low Byte C2y 00y
CCL2 Comp./Capture Reg. 2, Low Byte C4dy 00y
CCL3 Comp./Capture Reg. 3, Low Byte Céy 00y
CCL4 Comp./Capture Reg. 4, Low Byte CEQ 00y
CMEN Compare Enable Register F6n 00y
CMHO Compare Register 0, High Byte D3K 00y
CMH1 Compare Register 1, High Byte D5y 00y
CMH2 Compare Register 2, High Byte D7H 00y
CMH3 Compare Register 3, High Byte E3H 00y
CMH4 Compare Register 4, High Byte E5H 00y
CMH5 Compare Register 5, High Byte E7H 00y
CMHG6 Compare Register 6, High Byte F3H 00y
CMH7 Compare Register 7, High Byte F54 00y
CMLO Compare Register 0, Low Byte D2 00y
CML1 Compare Register 1, Low Byte D4y 00y
CML2 Compare Register 2, Low Byte D6 00y
CML3 Compare Register 3, Low Byte E2H 00y
CML4 Compare Register 4, Low Byte Edy 00y
CML5 Compare Register 5, Low Byte E6H 00y
CML6 Compare Register 6, Low Byte F2y 00y
CML7 Compare Register 7, Low Byte FAy 00y
CMSEL Compare Input Select F7H 00y
CRCH Com./Rel./Capt. Reg. High Byte CBy 00y
CRCL Com./Rel./Capt. Reg. Low Byte CAH 00y
COMSETL |Compare Register, Low Byte Aly 00y
COMSETH |Compare Register, High Byte A2y 00y
COMCLRL |Compare Register, Low Byte A3y 00y
COMCLRH |Compare Register, High Byte Ady 00y
SETMSK Mask Register, concerning AdSy 00y

COMSET

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 indeterminate and the location is reserved
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Table 3
Special Function Registers - Functional Blocks (cont'd)
Block Symbol Name Address |Contents
after Reset
Compare/ |CLRMSK Mask Register, concerning A6y 00y
Capture- COMCLR
Unit CTCON Com. Timer Control Reg. Ely 0X00 0000g ¥
(CCuL), CTRELH Com. Timer Rel. Reg., High Byte DF 004
(cont'd) CTRELL  |Com. Timer Rel. Reg., Low Byte DEH 00
TH2 Timer 2, High Byte CDy 004
TL2 Timer 2, Low Byte CCH 00
T2CON Timer 2 Control Register csy v |00y
Ports PO Port O 80y Y FFy
P1 Port 1 0y Y FFH
P2 Port 2 AOH 1) FFH
P3 Port 3 BOy Y FFH
P4 Port 4 E8H 1) FFH
P5 Port 5 F8y v FFH
P6 Port 6, FAH FFy
P7 Port 7, Analog/Digital Input DBy
P8 Port 8, Analog/Digital Input, 4-bit DDy
Pow.Sav. |PCON Power Control Register 87H 00y
Modes
Serial ADCONO 2 |A/D Converter Control Reg. D8y Y 00y
Channels |PCON 2 Power Control Register 87 00y
SOBUF Serial Channel O Buffer Reg. 994 XXp?
SOCON Serial Channel 0 Control Reg. 98y v 00y
SORELL Serial Channel 0, Reload Reg., low |B2y 0D9y
byte
SORELH Serial Channel 0, Reload Reg., high |BAY XXXX.XX11g®
byte
S1BUE Serial Channel 1 Buffer Reg., 9CH OXXy 3
S1CON Serial Channel 1 Control Reg. 9BH 0X00.0000g ¥
S1REL Serial Channel 1 Reload Reg., 9Dy 00y
low byte
S1RELH Serial Channel 1 Reload Reg., BBy XXXX.XX11g?

high byte

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 indeterminate and the location is reserved
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Table 3
Special Function Registers - Functional Blocks (cont'd)
Block Symbol Name Address |Contents
after Reset
Timer 0/ TCON Timer Control Register 88y Y 00y
Timer 1 THO Timer 0, High Byte 8CH 00y
TH1 Timer 1, High Byte 8D 00H
TLO Timer O, Low Byte 8AH 00y
TL1 Timer 1, Low Byte 8BH 00y
TMOD Timer Mode Register 89K 00H
Watchdog |IENO 2 Interrupt Enable Register 0 A8 Y 00y
IEN1 2 Interrupt Enable Register 1 B8y Y 00y
IPO 2 Interrupt Priority Register O A9 00y
P12 Interrupt Priority Register 1 B9y XX00 0000g 2
WDTREL |Watchdog Timer Reload Reg. 86N 00K

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 indeterminate and the location is reserved
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A/D Converter

In the SAB 80C517A a new high performance / high-speed 12-channel 10-bit A/D-Converter is
implemented. Its successive approximation technique provides 7 pus con-version time (fogc=16
MHz). The conversion principle is upward compatible to the one used in the SAB 80C517. The
main functional blocks are shown in figure 4.

The comparator is a fully differential comparator for a high power supply rejection ratio and very
low offset voltages. The capacitor network is binary weighted providing genuine 10-bit
resolution.

The table below shows the sample time T g and the conversion time T , which are dependend
on f ogc and a new prescaler (see also Bit ADCL in SFR ADCON 1).

f osc [MHz] Prescaler f Apc [MHZ] Sample Time |Conversion Time
(incl. sample time)
Ts[ws] Tc [us]
12 +8 15 2.67 9.33
+16 0.75 5.33 18.66
16 +8 2.0 2.0 7.0
+16 1.0 4.0 14.0
18 +8 — - -
+16 1.125 3.55 12.4
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Figure 4
Block Diagram A/D Converter
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Compare/Capture Unit (CCU)

The compare/capture unit is a complex timer/register array for applications that require high
speed I/O pulse width modulation and more timer/counter capabilities.
The CCU contains

— one 16-bit timer/counter (timer2) with 2-bit prescaler, reload capability and a max. clock
frequency of fogc/12 (1 MHz with a 12 MHz crystal).

— one 16-bit timer (compare timer) with 8-bit prescaler, reload capability and a max. clock
frequency of fogc/o (6 MHz with a 12 MHz crystal).

— fifteen 16-bit compare registers.

— five of which can be used as 16-bit capture registers.

— up to 21 output lines controlled by the CCU.

— nine interrupts which can be generated by CCU-events.

Figure 5 shows a block diagram of the CCU. Eight compare registers (CM0 to CM7) can
individually be assigned to either timer 2 or the compare timer. Diagrams of the two timers are
shown in figures 6 and 7. The four compare/capture registers, the compare/reload/capture
register and the comset/comclr register are always connected to timer 2. Depending on the
register type and the assigned timer three different compare modes can be selected.

Table 3 illustrates possible combinations and the corresponding output lines.
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Table 4

CCU Compare Configuration

Assigned Timer

Compare Register

Compare Output

Possible Modes

Timer 2 CRCH/CRCL P1.0/INT3/CCO Comp. mode 0, 1 + Reload
CC1H/CC1L P1.1/INT4/CC1 Comp. mode 0, 1
CC2H/CC2L P1.2/INT5/CC2 Comp. mode 0, 1
CC3H/CC3L P1.3/INT6/CC3 Comp. mode 0, 1
CC4H/CC4L P1.4/INT2/CC4 Comp. mode 0, 1
CC4H/CCA4L P5.0/CCMO Comp. mode 1
CC4H/CC4L P5.7/CCM7 Comp. mode 1
COMSETL/COMSETH |P5.0/CCMO Comp. mode 2
P5.7/CCM7 Comp. mode 2
COMCLRL/ P5.0/CCMO Comp. mode 2
COMCLRH : :
P5.7/CCM7 Comp. mode 2
P4.0/CMO Comp. mode 1
CMOH/CMOL : :
: P4.7/CM7 Comp. mode 1
CM7H/CM7L
Compare CMOH/CMOL P4.0/CMO Comp. mode 0
timer (with shadow latches)
Comp. mode 0
CM7H/CM7L P4.7/CM7 (with shadow latches)
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Block Diagram of the Compare/Capture Unit
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Compare

In compare mode, the 16-bit values stored in the dedicated compare registers are compared
to the contents of the timer 2 register or the compare timer register. If the count value in the

timer registers matches one of the stored value, an appropriate output signal is generated at
the corresponding pin(s) and an interrupt is requested. Three compare modes are provided:

Mode 0:  Upon a match the output signal changes from low to high.
It returns to low level at timer overflow.

Mode 1:  The transition of the output signal can be determined by software.
A timer overflow signal does not affect the compare-output.

Mode 2.  In compare mode 2 the concurrent compare output pins on Port 5 are used
as follows (see figure 9)
— When a compare match occurs with register COMSET, a high level
appears at the pins of port 5 whose corresponding bits in the mask
register SETMSK (address 0A5y) are set.

— When a compare match occurs in register COMCLR, a low level
appears at the pins of port 5 whose corresponding bits in the mask
register CLRMSK (address 0A6) are set.

Additionally the Port 5 pins used for compare mode 2 may also be
directly written to by write instructions to SFR P5. Of course, the pins
can also be read under program control.

Compare registers CMO to CM7 use additional compare latches when operated in mode 0.
Figure 8 shows the function of these latches. The latches are implemented to prevent from loss
of compare matches which may occur when loading of the compare values is not correlated
with the timer count. The compare latches are automatically loaded from the compare registers
at every timer overflow.

Capture

This feature permits saving of the actual timer/counter contents into a selected register upon
an external event or a software write operation. Two modes are provided to 'freeze’ the current
16-bit value of timer 2 registers into a dedicated capture register.

Mode 0:  Capture is performed in response to a transition at the corresponding
port 1 pins CCO to CC3.

Mode 1.  Write operation into the low-order byte of the dedicated capture register
causes the timer 2 contents to be latched into this register.
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Reload of Timer 2

A 16-bit reload can be performed with the 16-bit CRC register, which is a concatenation of the
8-bit registers CRCL and CRCH. There are two modes from which to select:

Mode 0:  Reload is caused by a timer overflow (auto-reload).

Mode 1: Reload is caused in response to a negative transition at pin T2EX (P1.5),
which can also request an interrupt.

Timer/Counters 0 and 1

These timer/counters are fully compatible with timer/counter O or 1 of the SAB 8051 and can
operate in four modes:

Mode 0:  8-bit timer/counter with 32:1 prescaler
Mode 1: 16-bit timer/counter
Mode 2: 8-bit timer/counter with 8-bit auto reload

Mode 3:  Timer/counter 0 is configured as one 8-bit timer;
timer/counter 1 in this mode holds its count.

External inputs INTO and INT1 can be programmed to function as a gate for timer/counters
0 and 1 to facilitate pulse width measurements.
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Block Diagram of Timer 2
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Figure 9
Compare-Mode 2 (Port 5 only)
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Interrupt Structure

The SAB 80C517A has 17 interrupt vectors with the following vector addresses and request
flags.

Table 5

Interrupt Sources and Vectors

Interrupt Request Flags Interrupt Vector Address Interrupt Source

IEO 00034 External interrupt O

TFO 000By Timer 0 overflow

IE1 00134 External interrupt 1

TF1 001By Timer 1 overflow

RIO + TIO 00234 Serial channel 0

TF2 + EXF2 002By Timer 2 overflow/ext. reload

IADC 0043y AID converter

IEX2 004By External interrupt 2

IEX3 0053y External interrupt 3

IEX4 005By External interrupt 4

IEX5 00634 External interrupt 5

IEX6 006By External interrupt 6

RI1/TI1 0083H Serial channel 1

ICMPO to ICMP7 00934 Compare match interrupt of
Compare Registers CMO-
CM7 assigned to Timer 2

CTF 009BY Compare timer overflow

ICS 00A3H Compare match interrupt of
Compare Register COMSET

ICR 00ABH Compare match interrupt of
Compare Register COMCLR

Each interrupt vector can be individually enabled/disabled. The response time to an interrupt
request is more than 3 machine cycles and less than 9 machine cycles.

External interrupts 0 and 1 can be activated by a low-level or a negative transition (selectable)
at their corresponding input pin, external interrupts 2 and 3 can be programmed for triggering
on a negative or a positive transition. The external interrupts 2 to 6 are combined with the
corresponding alternate functions compare (output) and capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs or triples.
Each pair or triple can be programmed individually to one of four priority levels by setting or
clearing one bit in special function register IPO and one in IP1. Figure 9 shows the interrupt
request sources, the enabling and the priority level structure.
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Interrupt Structure of the SAB 80C517A
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Figure 10
Interrupt Structure of the SAB 80C517A (cont'd)
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Interrupt Structure of the SAB 80C517A (cont'd)
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Multiplication/Division Unit

This on-chip arithmetic unit provides fast 32-bit division, 16-bit multiplication as well as shift
and normalize features. All operations are integer operation.

Operation Result Remainder Execution Time
32-bit/16-bit 32-bit 16-bit 6tey?
16-bit/16-bit 16-bit 16-bit 4ty

16-bit +16-bit 32-bit - 4ty

32-bit normalize - - 6ty ?

32-bit shift left/right — — 6tey?

D 1t =1ps @ 12 MHz oscillator frequency.
2  The maximal shift speed is 6 shifts/cycle.

The MDU consists of six registers used for operands and results and one control register.
Operation of the MDU can be divided in three phases:

st Write (MDO) Last Write (MD5 or ARCON)
First Read Last Read
(MDO) (MD3 or MD5)
Fhase 1 > Phase 2 > Phase 3 >
Load Registers Calculate Read Registers
[Time MCADO787

Operation of the MDU

To start an operation, register MDO to MD5 (or ARCON) must be written to in a certain se-
guence according to table 5 or 6. The order the registers are accessed determines the type of
the operation. A shift operation is started by a final write operation to register ARCON (see also
the register description).
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I/O Ports
The SAB 80C517A has seven 8-bit I/O ports and two input ports (8-bit and 4-bit wide).

Port 0 is an open-drain bidirectional 1/0 port, while ports 1 to 6 are quasi-bidirectional I/0O ports
with internal pull-up resistors. That means, when configured as inputs, ports 1 to 6 will be
pulled high and will source current when externally pulled low. Port O will float when configured
as input.

Port 0 and port 2 can be used to expand the program and data memory externally. During an
access to external memory, port 0 emits the low-order address byte and reads/writes the data
byte, while port 2 emits the high-order address byte. In this function, port 0 is not an open-drain
port, but uses a strong internal pull-up FET. Port 1, 3, 4, 5 and port 6 provide several alternate
functions. Please see the "Pin Description” for details.

Port pins show the information written to the port latches, when used as general purpose port.
When an alternate function is used, the port pin is controlled by the respective peripheral unit.
Therefore the port latch must contain a "one" for that function to operate. The same applies
when the port pins are used as inputs. Ports 1, 3, 4 and 5 are bit- addressable.

The SAB 80C517A has two dual-purpose input ports. The twelve port lines at port 7 and port
8 can be used as analog inputs for the A/D converter. If input voltages at P7 and P8 meet the
specified digital input levels (V,_and V|y) the port can also be used as digital input port.

In Hardware Power Down Mode the port pins and several control lines enter a floating state.
For more details see the section about Hardware Power Down Mode.
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Power Saving Modes

The SAB 80C517A provides — due to Siemens ACMOS technology — four modes in which
power consumption can be significantly reduced.

— The Slow Down Mode
The controller keeps up the full operating functionality, but is driven with one eighth
of its normal operating frequency. Slowing down the frequency remarkable reduces
power consumption.

— The Idle Mode
The CPU is gated off from the oscillator, but all peripherals are still supplied with the
clock and continue working.

— The Power Down Mode
Operation of the SAB 80C517A is stopped, the on-chip oscillator and the RC-oscillator
are turned off. This mode is used to save the contents of the internal RAM with a very
low standby current.

— The Hardware Power Down Mode
Operation of the SAB 80C517A is stopped, the on-chip oscillator and the RC-Oscillator
are turned off. The pin HWPD controls this mode. Port pins and several control lines
enter a floating state. The Hardware Power Down Mode is independent of the state of
pin PE/SWD.

Hardware Enable for Software controlled Power Saving Modes

A dedicated Pin PE/SWD) of the SAB 80C517A allows to block the Software controlled power
saving modes. Since this pin is mostly used in noise-critical application it is combined with an
automatic start of the Watchdog Timer.

PE/SWD = V4 (logic high level):  Using of the power saving modes is not possible.
The watchdog timer starts immediately after reset.
The instruction sequences used for entering of
power saving modes will not affect the normal operation
of the device.

PE/SWD = V,_(logic low level):  All power saving modes can be activated by software.

When left unconnected, Pin /PE/SWD is pulled high by a weak internal pullup. This is done to
provide system protection on default.

The logic-level applied to pin PE/SWD can be changed during program execution to allow or to
block the use of the power saving modes without any effect on the on-chip watchdog circuitry.
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Requirements for Hardware Power Down Mode

There is no dedicated pin to enable the Hardware Power Down Mode. Nevertheless for a
correct function of the Hardware Power Down Mode the oscillator watchdog unit including its
internal RC oscillator is needed. Therefore this unit must be enabled by pin OWE (OWE =
high). However, the control pin PE/SWD has no control function in this mode. It enables and
disables only the use of software controlled power saving modes.

Software controlled power saving modes

All of these modes are entered by software. Special function register PCON (power control
register, address is 871) is used to select one of these modes.

Slow Down Mode

During slow down operation all signal frequencies that are derived from the oscillator clock, are
divided by eight, also the clockout signal and the watchdog timer count.

The slow down mode is enabled by setting bit SD. The controller actually enters the slow down
mode after a short synchronisation period (max. 2 machine cycles).

The slow down mode is disabled by clearing bit SD.

Idle Mode

During idle mode all peripherals of the SAB 80C517A (except for the watchdog timer) are still
supplied by the oscillator clock. Thus the user has to take care which peripheral should
continue to run and which has to be stopped during Idle.

The procedure to enter the idle mode is similar to the one entering the power down mode. The
two bits IDLE and IDLS must be set by two consecutive instructions to minimize the chance of
unintentional activating of the idle mode.

There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enabled interrupt. This interrupt will
be serviced and the instruction to be executed following the RETI instruction will be the
one following the instruction that set the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator is
still running, the hardware reset must be held active only for two machine cycles for
a complete reset.

Normally the port pins hold the logical state they had at the time idle mode was activated. If
some pins are programmed to serve their alternate functions they still continue to output during
idle mode if the assigned function is on. The control signals ALE and hold at logic high levels
PSEN (see table 8).
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Power Down Mode

The power down mode is entered by two consecutive instructions directly following each other.
The first instruction has to set the flag PDE (power down enable) and must not set PDS (power
down set). The following instruction has to set the start bit PDS. Bits PDE and PDS will
automatically be cleared after having been set.

The instruction that sets bit PDS is the last instruction executed before going into power down
mode. The only exit from power down mode is a hardware reset.

The status of all output lines of the controller can be looked up in table 8.

Hardware Controlled Power Down Mode

The pin HWPD controls this mode. If it is on logic high level (inactive) the part is running in the
normal operating modes. If pin HWPD gets active (low level) the part enters the Hardware
Power Down Mode; this is independent of the state of pin PE/SWD.

HWPD is sampled once per machine cycle. If it is found active, the device starts a complete
internal reset sequence. The watchdog timer is stopped and its status flag WDTS is cleared
exactly the same effects as a hardware reset. In this phase the power consumption is not yet
reduced. After completion of the internal reset both oscillators of the chip are disabled. At the
same time the port pins and several control lines enter a floating state as shown in table 8. In
this state the power consumption is reduced to the power down current IPD. Also the supply
voltage can be reduced. Table 8 also lists the voltages which may be applied at the pins during
Hardware Power Down Mode without affecting the low power consumption.

Termination of HWPD Mode:

This power down state is maintained while pin HWPD is held active. If HWPD goes to high level
(inactive state) an automatic start up procedure is performed:

— First the pins leave their floating condition and enter their default reset state
(as they had immediately before going to float state).

— Both oscillators are enabled (only if OWE = high). The oscillator watchdog's RC
oscillator starts up very fast (typ. less than 2 microseconds).

— Because the oscillator watchdog is active it detects a failure condition if the
on-chip oscillator hasn't yet started. Hence, the watchdog keeps the part in reset
and supplies the internal clock from the RC oscillator.

— Finally, when the on-chip oscillator has started, the oscillator watchdog releases
the part from reset with oscillator watchdog status flag not set.
When automatic start of the watchdog was enabled (PE/SWD connected to V),
the Watchdog Timer will start, too (with its default reload value for time-out period).

— The Reset pin overrides the Hardware Power Down function, i.e. if reset gets active
during Hardware Power Down it is terminated and the device performs the normal
reset function. (Thus, pin Reset has to be inactive during Hardware Power Down Mode).
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Table 8

Status of all pins during Idle Mode, Power Down Mode and Hardware Power

Down Mode

Pins Idle Mode Power Down Mode Hardware Power Down

Last instruction
executed from

Last inst

ruction

executed from

internal | external internal external |Status Voltage range
ROM ROM ROM ROM at pin
PO Data float Data float
P1 Data alt Data alt Datalast |Datalast |floating
outputs outputs outputs outputs
P2 Data Address |Data Data output
P3 Data alt Data alt Data Data outputs
outputs outputs last output |last output
P4 Dataalt |Dataalt |Datalast |Data disabled Vss < VN £ Vee
outputs outputs outputs last output
P5 Data Data Data Data input
alt output |alt output |last output |last output
P6 Data Data Data Data function
alt output |alt output |last output |last output
P7
P8
EA active input  |V|n = Vg or
VIN = Vss
PE/SWD active input |V, = V¢ or
pull-up ViN = Vss
disabled
XTAL1 active output |pin may not be
driven
XTALZ2 disabled VSS SV|N < VCC
input
functions
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Table 8

Status of all pins during Idle Mode, Power Down Mode and Hardware Power
Down Mode (cont'd)

Pins Idle Mode Power Down Mode Hardware Power Down
Last instruction Last instruction
executed from executed from
internal | external internal external |Status Voltage range
ROM ROM ROM ROM at pin
PSEN ﬂoating VSS < V|NS VCC
outp. dis-
ALE abled input
functions
VAREF active Sup- VAGND < VlN
VAGND ply pins <Vce
OWE active input, |V|y = Vcce
must be
high pull-up
disabl.
RESET active input V|N = VCC
must be high
RO floating VSS < V|NS VCC
output
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Serial Interfaces

The SAB 80C517A has two serial interfaces. Both interfaces are full duplex and receive
buffered. They are functionally identical with the serial interface of the SAB 8051 when working
as asynchronous channels. Serial interface 0 additionally has a synchronous mode. Table 9
shows possible configurations and the according baud rates.

Table 9
Baud Rate Generation

Mode Mode O -
8-Bit Baud- fOSC =1 1MHz -
syn- rate 2 MHz
Chron- fOSC = 1.33 MHz -

Ous 16 MHz
channel
f oSsc = 1.5 MHz -
18 MHz
derived from fosc -

Mode Mode 1 Mode B
8-Bit Baud- |fogc = 1 Baud — 183 Baud — |366 Baud —
UART rate 12 MHz 62.5 kBaud 375 kBaud 375 kBaud

fosc = 1 Baud — 244 Baud — |244 Baud —
16 MHz 83 kBaud 500 kBaud 500 kBaud
fosc = 1 Baud — 2375 Baud — [549 Baud —
18 MHz 93.7 kBaud 562.5 kBaud |562.5 kBaud
derived from Timer 1 10-Bit 10-Bit
Baudrate Baudrate
Generator Generator

Mode Mode 2 Mode 3 Mode A
9-Bit Baud- |fogc= 187.5 kBaud/ |1 Baud — 183 Baud — |183 Baud —
UART rate 12 MHz 375 kBaud 62.5 kBaud |75 kBaud 75 kBaud

fosc= 250 Baud/ 1 Baud — 244 Baud — |244 Baud -
16 MHz 500 kBaud 83.3 kBaud |500 kBaud 500 kBaud
fosc = 281.2 kBaud/ |1 Baud — 275 Baud 549 Baud —
18 MHz 562.5 kBaud [93.7 kBaud |[562.5 kBaud [562.5 kBaud
derived |fogc/2 Timer 1 10-Bit 10-Bit
from Baudrate Baudrate
Generator Generator
Semiconductor Group 54



SIEMENS SAB 80C517A/83C517A-5

Serial Interface 0

Serial Interface 0 can operate in 4 modes:

Mode O:  Shift register mode:
Serial data enters and exits through R x DO. T x DO outputs the shift
clock 8 data bits are transmitted/received (LSB first). The baud rate is fixed at
1/12 of the oscillator frequency.

Mode 1:  8-bit UART, variable baud rate:
10-bit are transmitted (through T x DO) or received (through R x DO): a start
bit (0), 8 data bits (LSB first), and a stop bit (1). On reception, the stop bit
goes into RB80 in special function register SOCON. The baud rate is
variable.

Mode 2:  9-bit UART, fixed baud rate:
11-bit are transmitted (through T x DO) or received (through R x DO): a start
bit (0), 8 data bits (LSB first), a programmable 9th, and a stop bit (1).
On transmission, the 9th data bit (TB80 in SOCON) can be assigned to the
value of 0 or 1. For example, the parity bit (P in the PSW) could be moved
into TB8O or a second stop bit by setting TB80 to 1. On reception the 9th
data bit goes into RB80 in special function register SOCON, while the stop
bit is ignored. The baud rate is programmable to either 1/32 or 1/64 of the
oscillator frequency.

Mode 3:  9-bit UART, variable baud rate:
11-bit are transmitted (through T x DO) or received (through R x DO): a start
bit (0), 8 data bits (LSB first), a programmable 9th, and a stop bit (1). In
fact, mode 3 is the same as mode 2 in all respects except the baud rate.
The baud rate in mode 3 is variable.

Variable Baud Rates for Serial Interface O

Variable baud rates for modes 1 and 3 of serial interface 0 can be derived from either timer 1
or a dedicated Baudrate Generator.

The baud rate is generated by a free running 10-bit timer with programmable reload register.

2 SMOD « f 5gc

Mode 1.3 baud rate = 64*(21°-SOREL)

The default value after reset in the reload registers SORELL and SORELH provide a baud rate
of 4.8 kBaud (SMOD = 0) or 9.6 kBaud (SMOD = 1) at 12 MHz oscillator frequency. This
guarantees full compatibility to the SAB 80C517.
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Serial Interface 1

Serial interface 1 can operate in two asynchronous modes:

Mode A:  9-bit UART, variable baud rate.
11 bits are transmitted (through T x D1) or received (through R x D1):
a start bit (0), 8 data bits (LSB first), a programmable 9th, and a stop bit (1).
On transmission, the 9th data bit (TB81 in S1ICON) can be assigned to the
value of 0 or 1. For example, the parity bit (P in the PSW) could be moved
into TB81 or a second stop bit by setting TB81 to 1. On reception the 9th
data bit goes into RB81 in special function register SICON, while the stop
bit is ignored.

Mode B:  8-bit UART, variable baud rate.
10 bits are transmitted (through T x D1) or received (through R x D1):
a start bit (0), 8 data bits (LSB first), and a stop bit (1). On reception, the
stop bit goes into RB81 in special function register SICON.

Variable Baud Rates for Serial Interface 1.

Variable baud rates for modes A and B of serial interface 1 are derived from a dedicated baud
rate generator.

The baud rate clock (baud rate = baudri%eﬂ) is generated by an 10-bit free running timer

with programmable reload register.

fosc
Mode A, B baudrate = 32+ (2 - SREL)
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Watchdog Units

The SAB 80C517A offers two enhanced fail safe mechanisms, which allow an automatic
recovery from hardware failure or software upset:

— programmable watchdog timer (WDT), variable from 512 ps up to appr. 1.1 s time-out
period @12 MHz. Upward compatible to SAB 80515 watchdog.

— oscillator watchdog (OWD), monitors the on-chip oscillator and forces the micro-
controller into reset state, in case the on-chip oscillator fails, controls the restart from
the Hardware Power Down Mode and provides clock for a fast internal reset after power-on.

Programmable Watchdog Timer
The WDT can be activated by hardware or software.

Hardware initialization is done when pin PE/SWD (Pin 4) is held high during RESET. The
SAB 80C517A then starts program execution with the WDT running. Since Pin PE/SWD is
only sampled during Reset (and hardware power down at parts with stepping code AD and
later) dynamical switching of the WDT is not possible.

Software initialization is done by setting bit SWDT.
A refresh of the watchdog timer is done by setting bits WDT and SWDT consecutively.
A block diagram of the watchdog timer is shown in figure 11.

When a watchdog timer resest occurs, the watchdog timer keeps on running, but a status flag
WDTS is set. This flag can also be cleared by software.

0 7
o /12N 18 o

F woTL —
\

WDT Reset-Request

WDTH ——

l IPO(0AS)
L fwors] [ [ [ T T | ﬁ

Hardware Power Down HWPD# |>

External HW-Reset

PE/SWD 76 0
WDTREL
L

MCBO1435

Control Logic
WDT IENO.6
SWDT IEN1.6{0B8H)

Figure 11
Block Diagram of the Programmable Watchdog Timer
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Oscillator Watchdog

The unit serves three functions:

Monitoring of the on-chip oscillator’s function.

The watchdog supervises the on-chip oscillator’s frequency; if it is lower than the
frequency of the auxiliary RC oscillator in the watchdog unit, the internal clock is

supplied by the RC oscillator and the device is forced into reset; if the failure condition
disappears (i.e. the on-chip oscillator has again a higher frequency than the RC oscillator),
the part executes a final reset phase of appr. 0.25 ms in order to allow the oscillator

to stabilize; then the oscillator watchdog reset is released and the part starts

program execution again.

Restart from the Hardware Power Down Mode.

If the Hardware Power Down Mode is terminated the oscillator watchdog has to control

the correct start-up of the on-chip oscillator and to restart the program. The oscillator
watchdog function is only part of the complete Hardware Power Down sequence; however,
the watchdog works identically to the monitoring function.

Fast internal reset after power-on.

In this function the oscillator watchdog unit provides a clock supply for the reset before
the on-chip oscillator has started. In this case the oscillator watchdog unit also

works identically to the monitoring function.

If the oscillator watchdog unit is to be used it must be enabled (this is done by applying high
level to the control pin OWE).

Figure 12 shows the block diagram of the oscillator watchdog unit. It consists of an internal RC
oscillator which provides the reference frequency of the on-chip oscillator. The RC oscillator
can be enabled/disabled by the control pin OWE. If it is disabled the complete unit has no
function.
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RC fre e fi
Oscillator 1 5z :
fa

ATALT
o

On-Chip
KTALD Oscillator |0WD3|
o |

O int. Clock
(

-

o MCB01436

Figure 12

Functional Block Diagram of the Oscillator Watchdog
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Fast internal reset after power-on

The SAB 80C517A can use the oscillator watchdog unit for a fast internal reset procedure after
power-on.

Normally members of the 8051 family (like the SAB 80C517) enter their default reset state not
before the on-chip oscillator starts. The reason is that the external reset signal must be
internally synchronized and processed in order to bring the device into the correct reset state.
Especially if a crystal is used the start up time of the oscillator is relatively long (typ. 1 ms).
During this time period the pins have an undefined state which could have severe effects e.g.
to actuators connected to port pins.

In the SAB 80C517A the oscillator watchdog unit avoids this situation. However, the oscillator
watchdog must be enabled. In this case, after power-on the oscillator watch-dog’s RC
oscillator starts working within a very short start-up time (typ. less than 2 micro-seconds). In
the following the watchdog circuitry detects a failure condition for the on-chip oscillator
because this has not yet started (a failure is always recognized if the watchdog’s RC oscillator
runs faster than the on-chip oscillator). As long as this condition is valid the watchdog uses the
RC oscillator output as clock source for the chip rather than the on-chip oscillator’s output. This
allows correct resetting of the part and brings also all ports to the defined state.

Delay time between power-on and correct reset state:

Typ.: 18 us
Max.: 34 us

Instruction Set

The SAB 80C517A / 83C517A-5 has the same instruction set as the industry standard 8051
microcontroller.

A pocket guide is available which contains the complete instruction set in functional and
hexadecimal order. Furtheron it provides helpful information about Special Function Registers,
Interrupt Vectors and Assembler Directives.

Literature Information

Title Ordering No.

Microcontroller Family SAB 8051 Pocket Guide B158-H6497-X-X-7600
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Absolute Maximum Ratings

Ambient temperature under Dias............cooeiiiiiiiiiiii —40t0 110° C
StOrage tEMPEIALUIE ......coeveiiiiiiiiieee ettt e e e e e e e e e eeeennnnnes — 6510 150 °C
Voltage on V¢ pins with respect to ground (Vgg) «.ooooovvveeiiveieeiiiiiceniiien, -05Vto65 V
Voltage on any pin with respect to ground (Vgg) «.eoooovvvvveeinieiiiiiiieieeeeee —-0.5t0Vec+0.5V
Input current on any pin during overload condition ................eeevveviiiienneennnn. —10mA to +10mA
Absolute sum of all input currents during overload condition...................... |100mA|

YT a0 [ 7S] o= Lo o ISP 1W

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 conditions 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 > Ve or V |y <
Vss) theVoltage on V¢ pins with respect to ground (Vsg) must not exeed the values
definded by the absolute maximum ratings.

DC Characteristics

Vee=5 V+10%, —15%; Vss=0 V
Ta= 0to70 °C for the SAB 80C517A/83C517A-5
Ta=-4010 85 °C for the SAB 80C517A-T3/83C517A-5-T3
Ta=-40to0 110 °C forthe SAB80C517A-T4/83C517A-5-T4

Parameter Symbol Limit Values Unit |Test condition
min. max.

Input low voltage ViL -0.5 0.2Vee - |V -

(except EA, RESET, HWPD) 0.1

Input low voltage (EA) Vi1 -05 0.2Vee— |V -
0.3

Input low voltage (HWPD, V2 -0.5 02Vee |V —

RESET) +0.1

Input high voltage (except ViH 0.2Vee |Vec+05 |V -

RESET, XTAL2 and HWPD +0.9

Input high voltage to XTAL2 Vi1 0.7Vee |Vec+05 |V -

Input high voltage to RESET  |V|2 0.6 Ve |Vec 05 |V -

and HWPD

Semiconductor Group 61



SIEMENS SAB 80C517A/83C517A-5

DC Characteristics (cont’d)

Parameter Symbol Limit Values Unit |Test condition
min. max.
Output low voltage VoL - 0.45 \% lo.=1.6 mAY
(ports 1, 2, 3, 4, 5, 6)
Output low voltage VoL1 - 0.45 \% loL=3.2 mA YD
(ports ALE, PSEN, RO)
Output high voltage VoH 2.4 - \ log =—80 pA
(ports 1, 2, 3, 4, 5, 6) 0.9Vcee |- \ lop =10 pA
Output high voltage Vou1 2.4 —~ V. |log =—800 pA?
(port O in external bus mode, 0.9 Vee |- \Y loy =—80 pA?)
ALE, PSEN, RO)
Logic input low current IR -10 -70 pA  |Vy=045V
(ports 1, 2, 3,4, 5, 6)
Logical 1-to-0 transition current |l - 65 - 650 pPA V=2V
(ports 1, 2, 3,4, 5, 6)
Input leakage current I — + 100 nA 045 <V|y<Vcc
(port O, EA, ports 7, 8, HWPD) + 150 A |0.45 < Vi < Voc
Tp>100°C
Input low current to RESET 2 -10 -100 pA  |VN=045V
for reset
Input low current (XTALZ2) I3 - -15 pA  |VN=045V
Input low current liLa — - 20 pPA V=045V
(PE/SWD, OWE)
Pin capacitance Co - 10 pF  |fc=1MHz
TA: 25°C
Power supply current:
Active mode, 12 MHz" lce - 28 mA |Vec=5V,?
Active mode, 18 MHz" lce - 37 mA |Vec =5V,
ldle mode, 12 MHz" lce - 24 mA  |Vec =5V,
Idle mode, 18 MHz" lcc - 31 mA |Vec=5V,?
Slow down mode, 12 MHz lce - 12 mA  |Vcc=5V,9
Slow down mode, 18 MHz lcc - 16 mA |Vgc=5V,?
Power Down Mode l'ep - 50 A |Vec=2.55V,9

Notes see page 63.
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Notes for page 62:

1)

2)

3)

4)

5)

6)

7

Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed
on the Vo of ALE and ports 1, 3, 4, 5 and 6. 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.

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

Ilpp (Power down mode) is measured with:

EA = RESET = V¢c. Port0 = Port7 = Port8 = Vg; XTALL = N.C.; XTAL2 = Vgg;
PE/SWD = OWE =V gg;HWDP = V¢ (Software Power Down mode); V aref = Vec;
VagnDp =V sg; all other pins are disconnected. Hardware Powerdown lpp : OWE =V
or Vgs. No certain pin connection for the other pins.

lcc (active mode) is measured with:

XTAL2 driven with tc oy tcpcL =5ns, V)L =Vss + 0.5V, Viy=Vcc - 0.5V; XTALL =N.C,;
EA = PE/SWD = V; Port0 = Port7 = Port8 = Vgc; HWPD = V; RESET =Vgg

all other pins are disconnected. |-¢ would be slightly higher if a crystal oscillator is

used (appr. 1 mA).

lcc (Idle mode) is measured with all output pins disconnected and with all peripherals
disabled; XTALZ2 driven with tc; cx» tcheL =5 NS, V)L = Vgg + 0.5V, V=V - 0.5 V;
XTAL1 = N.C.; RESET = Vc; HWPD = V((; Port0 = Port7 = Port8 =V¢ ;

EA = PE/SWD = Vgg; all other pins are disconnected;

lcc (slow down mode) is measured with all output pins disconnected and with all
peripherals disabled; XTALZ driven with tc; cy tope =5ns, V) =Vss + 0.5V, Vg =Vee -
0.5V,

XTAL1 = N.C.;RESET= Vc; HWPD = V¢¢; Port7 = Port8 = V¢; EA = PE/SWD = Vgg ;
all other pins are disconnected;

|cc max at other frequencies is given by:

active mode: Icc (max) = 1.50* f gg¢ + 10

idle mode: Icc (max) = 1.17* f ggc + 10

where fogc is the oscillator frequency in MHz. |-¢ values are given in mA and
measured at Vo = 5 V.
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A/D Converter Characteristics

Vee=5 V+10%, —15%: Veg =0 V

Varer = Vee #5%; Vagnp = Vss £ 0.2V,
Tpo= 0to70 °C for the SAB 80C517A/83C517A-5
TAo=-40to 85 ° C for the SAB 80C517A-T3/83C517A-5-T3
T,=-401t0 110 °C for the SAB 80C517A-T4/83C517A-5-T4

Parameter Symbol Limit values Unit | Test condition
min. typ. |max.

Analog input capacitance |C, 25 70 pF

Sample time Ts Atey?  |us 2)

(inc. load time)

Conversion time Tc 14t |us 3

(inc. sample time)

Total unadjusted error TUE +2 LSB  |Varer = Ve
VaGnD = Vss

VaREE SUpply current IREF + 20 HA Y

1 _ 1axn AOCLY _ B _ B - ADCL
tcy = (82 ffosc: (tey = Yfapc: fapc =fosc/(8*2 )

2 This parameter specifies the time during the input capacitance C|' can be charged/discharged by the

external source. It must be guaranteed, that the input capacitance C, , is fully loaded within this time.

ATCY is 2 ps at the fOSC: 16 MHz. After the end of the sample time TS, changes of the analog input

voltage have no effect on the conversion result.

This parameter includes the sample time Tg 14TCY is 7 ps at fogc = 16 MHz.

The differencial impedance ' of the analog reference source must be less than 1 KQ at reference supply

voltage.

3)
4)
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AC Characteristics
Vee=5 V+10%,—-15%;Vgg=0 V

Tpo= 0to 70 °C for the SAB 80C517A/83C517A-5

Tpo=-40to 85 °C forthe SAB 80C517A-T3/83C517A-5-T3

T o =-4010110 ° C for the SAB 80C517A-T4/83C517A-5-T4
(C for port 0, ALE and PSEN outputs = 100 pF; C for all other outputs = 80 pF)

Parameter Symbol Limit values Unit
18 MHz clock Variable clock
1t cLcL =3.5MHzto 18 MHz
min. | max. min. max.
Program Memory Characteristics
ALE pulse width tHLL 71 - 2tcicL—40 |- ns
Address setup to ALE tAvLL 26 — tcLcL — 30 — ns
Address hold after ALE [t | ax 26 - tcLcL — 30 — ns
ALE to valid instruction |t v — 122 - 4tc cL —100 |ns
ALE to PSEN tLpL 31 - teLcL — 25 - ns
PSEN pulse width tpl pH 132 - StelcL =35 |- ns
PSEN to valid instruction |tp| v - 92 - StccL =75 |ns
Input instruction hold texix 0 — 0 ns
after PSEN
Input instruction float tpx1z — 46 — tcLcL — 10 ns
after PSEN
Address valid after tpxav#) 48 — tcLcL — 8 — ns
PSEN
Address to valid instrin = |tayy - 218 - StcLcL — 60 ns
Address float to PSEN  |tazp 0 - 0 - ns

) Interfacing the SAB 80C517A to devices with float times up to 45 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
18 MHz clock Variable clock
1/t o cL = 3.5 MHzto 18 MHz
min. | max. min. max.
External Data Memory Characteristics
RD pulse width tRLRH 233 |- 6 tc cL— 100 |- ns
WR pulse width twiLwH 233 |- 6 tc oL — 100 |- ns
Address hold after ALE |t | ax2 81 - 2tccL—30 |- ns
RD to valid data in trLDV - 128 |- S5tcicL — 150 |ns
Data hold after RD tRHDX 0 - 0 - ns
Data float after RD tRHDZ - 51 - 2tccL—60 |ns
ALE to valid data in t Lpv — 294 - 8tcicL — 150 |[ns
Address to valid data in  |taypy — 335 — 9tcLcL—165 |ns
ALE to WR or RD t LWL 117 217 SteieL =50  |3te oL +50 ns
"WR or RD high to ALE | tyniH 16 96 tc oL — 40 tc oL +40 ns
high
Address valid to WR tAvWL 92 - 4tc oL — 130 |- ns
Data valid to WR tovwx 11 - teLcL — 45 - ns
transition
Data setup before WR | to\ywh 239 - 7toLcL— 150 |- ns
Data hold after WR twHOX 16 - teLcL — 40 - ns
Address float after RD  [tg a7 - 0 - 0 ns
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fe
v T
-t — “7 fopy ——
] - Tup
-~y —
-~ Tty =
PSEN / \
= fyzp
- = i
/ lt 7! 4
Port0d AO-A7 s \  InstrIN AO-A7
Y ] A A
Fryv
Port2 X A8-A15 X AB-A15
MCTOD096
Program Memory Read Cycle
— - fWHLH -
ALE / S
PSEN / \
floy ‘
47fLLWL fRLRH
& ./
/RLD\/ —— —-— fRHDZ ——
-tz | -
fRHDX ‘
AO-A7 from AO-A7 Instr.
Port 0 RI or DPL Date In from PCL >_< In
fAVWL
fAVDV
/
Port 2 ) P2.0-P2.7 or AB-A15 from DPH A8-A15 from PCH
\
MCT00791

Data Memory Read Cycle
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PortD

PortZ

fWHLH -

~fwsr— o
t /
—= | b= Tovux
—  taw T —=1 = fmox
e T fQVWH
f AD-A7 from XX AQ-A7
)—]K o or DPL Data OUT from PCL —{ Instr.IN
- fAVWL o

A

P2.0-P2.7 or A8-A13 from DPH

X AB—A15 from PCH

MCTODO9A

Data Memory Write Cycle
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit

Variable clock
Frequ. = 3.5 MHz to 18 MHz

min. max.

External Clock Drive
Oscillator period tcLcL 55.6 285 ns
ngh time tCHCX 20 tCLCL-tCHCX ns
Low time tCLCX 20 tCLCL-tCHCX ns
Rise time tcLcH - 20 ns
Fall time tCHCL - 20 ns
Oscillator frequency litcL e 3.5 18 MHz

VCC 70.5\/

77777 0.7 Vo \ /
\ “7fCHCX4"
0.45V 0.2Voe=0.1V
fCHCL = - = - fCLCH

e — MCT00793

External Clock Cycle
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit

18 MHz clock Variable clock

1/t ¢ L = 3.5 MHz to 18 MHz

min. | max. min. max.
System Clock Timing
ALE to CLKOUT t LsH 349 |- TtolcL—40 |- ns
CLKOUT high time tsHsL 71 - 2tcicL—40 |- ns
CLKOUT low time tsiLsH 516 - 10tc L —40 |- ns
ﬁLI;OUT low to ALE tsLLH 16 96 to oL — 40 tc oL +40 ns

9

a [

CLKouT \

fSLSH

Programm Memory Access Data Memory Access

RD, WR \ /
NCTDO794

System Clock Timing
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ROM Verification Characteristics

Ta=25°C+5°C; Ve =5V £ 10%; Vgg =0V

Parameter Symbol Limit values Unit
min. max.
ROM Verification Mode 1 (Standard Verify Mode for not Read Protected ROM)
Address to valid data tavov - 48 toLcL ns
ENABLE to valid data tELQV - 48 tCLCL ns
Data float after ENABLE |teqoz 0 48 tc oL ns
Oscillator frequency ltccL |4 6 MHz
i O:EJ1Z7 Address >—<
fAVQV"‘ -
Port G Data Qut )—
ey —®| = B R BT,
Pz.7
ENABLE
MCDD1458
Address:  P1.0-P1.7=A0-A7 Inputs PSEN = Vss
P2.0-PZ.6=A8-A14 ALCLEA = Vi
Data: P0.0-0.7=D0-D7 RESET = ¥
ROM Verification Mode 1
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ROM Verification Mode 2 (New Verify Mode for Protected and not Protected ROM)

% 453 55 54 55% St 92 4 S5 8 S2 0S4 %5
P2 PPt P2 P2 PIPZ PZ P2 PZ P2 P2 P2 P2 P2

sample RESET

RESET \ f

[\

int. Reset | | | |
ALE
|
|
|
|
|
ROM Code ROM Code ‘ ROM Code
Fort 0 adr 00004 adr 00014 odr 00024
| |
| |
MCDO1 498
RESET-State ! '
‘ Increment Address counter for external ROM ‘
Inputs  EA= ¥y,

ALE forced to low level by a weak pull down resistor (approx.4000),
during RESET activ ROM—Code: Port 0=D0-D7

Qutputs  Port 3.5 shows all 1024 cycles low level for one cycle
when compared ROM-Code was not alright

ROM Verification Mode 2
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P3.5 >
Compare
Result
Logic
SAB i>
B83C517A-5
ALE [—%— ~ ¢
Address
Counter >
4000 16 bit

Reset Adr. Counter

Reset *
T
o Reset
EA

Port 0 < Compare Code

1 1

MCBO1541

Application Circuitry for Verifying the Internal ROM
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V.. 0.5V
< 0.2V +0.9V
Test Points
0.2 V=01V
0.45V =

MCADOE97

AC Inputs during testing are driven at Voc - 0.5 V for a logic '1" and 0.45 V for a logic '0’. Timing
measurements are made at V|ymin for a logic '1’ and V) nax for a logic '0'.

AC Testing: Input, Output Waveforms

Y oqa TO. 1V Vor —0.1V
Timing Reference
Vi o Pcints
Vo —0.1\/\\ / Vo +0.1V
MCAOD60O6

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 o/V level occurs. I /gy = £20 mA.

AC Testing: Float Waveforms

H XTAL NC. XTAL1
MQFP—WOO—Z/Pin 13 MQFP—100—2/Pin 12
P—LCC—84/PIn 40 P—LCC—84/PIn 40
f«» 3.5-18 MHz —
H XTAL2 : XTAL?
P-LCC-84/Pin 39 External Oscillator P-LCC-84/Pin 39
MQFP—WOO—Z/Pin 12 Sigﬂol MQFP—100—2/Pin 12
MCS01500

C = 30pF +10pF
(incl. stray copacilance)

Crystal Oscillator Mode Driving from External Source

Recommended Oscillator Circuits
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Package Outlines

Plastic Package, P-LCC-84 — SMD
(Plastic Leaded Chip-Carrier)

[
@'W&%WJJMWW I Y | }
v O8Imaxi . 4 4 T § . 282805

0.4320.1 1
B B0 B4
- 7254 —— = - 30.35_gp5 — =
mmmmmmmmmm Mooooonoooo GPLO5029
q | u]
0 )
0 ‘ ]
0 p
0 ‘ ]
0 ]
0 ]
0 ‘ p
0 ]
i | b
a4 - - ] B
0 ‘ ]
0 . ]
0 ‘ ]
0 ]
0 | ]
q | b
0 : ]
i | o]
0 . ]
| A
uuuuuuuuu Afx.ﬁ\_/uuuu\_/\_/\_/uu
84 1 Index Marking
1.1x45
e
- 294 -

-~ 30.35 g5 ——

1) Does not include plastic or metal protrusions of 0.15max per side

Dimensions in mm

Plastic Package, P-MQFP-100-2 — SMD
(Plastic Metric Rectangular Flat Package)

+0.08(2 _
038+, #1012 WA-BIDICH00X
23.2 025 =[0.2]A-B[D]50x
=]0.2][A-B'D[H2x
............................ !
=50 |
=Bl< %
=) - (=]
- - ] & 40-. bl
=
-31 ;
100 ¢

% ......................... ”

~
Index Marking
2) Does not include dambar protrusion of 0.08 max. per side
1} Does not include plastic or metal protrusion of 0.25 max. per side

Dimensions in mm

SMD = Surface Mounted Device
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High-Performance SAB 80C517/80C537

8-Bit CMOS Single-Chip Microcontroller

Advanced Information

SAB 80C517
SAB 80C537

Microcontroller with factory mask-programmable ROM
Microcontroller for external ROM

Versions for 12 MHz and 16 MHz
operating frequency

e 8 Kx8 ROM (SAB 80C517 only)
e 256 x8 on-chip RAM

Superset of SAB 80C51 architecture:

1 us instruction cycle time at 12 MHz
750 ns instruction cycle time at 16 MHz
256 directly addressable bits

Boolean processor

64 Kbyte external data and program
memory addressing

e Four 16-bit timer/counters
e Powerful 16-bit compare/capture unit

(CCU) with up to 21 high-speed or PWM
output

Fast 32-bit division, 16-bit 2 multiplication,
32-bit normalize and shift by peripheral
MUL/DIV unit (MDU)

Eight data pointers for external memory
addressing

Fourteen interrupt vectors, four priority
levels selectable

8-bit A/D converter with 12 multiplexed
inputs and programmable ref. voltages
Two full duplex serial interfaces

Fully upward compatible with SAB 80C515
Extended power saving modes

Nine ports: 56 1/O lines, 12 input lines
Three temperature ranges available:

Oto 70°C

channels and 5 capture inputs —40to 85°C
Versatile "fail-safe" provisions e Plastic packages: P-LCC-84,
P-MQFP-100-2
SAB 80C517/80C537
) Oscillator RAM
8 Datapointer Walchdog — Watchdog. 956 8 n
0 §-bil R BT P L
ompdare i . il
WoU O frimer ag [Timer 2 (8051 Core) | USART
Timer 1 I/
B-bit USHRT | Pt 6| Port 5 [port 4 o 1/0

ﬁﬁ e

2 % Analog/Digital Input noIN

s

1/0

MCAQ1473

1) SAB 80C517 & 1/0
SAB 80C315 © Analog/Digital Inpul

8.93



SIEMENS SAB 80C517/80C537

The SAB 80C517/80C537 is a high-end member of the Siemens SAB 8051 family of
microcontrollers. It is designed in Siemens ACMOS technology and based on the SAB 8051
architecture. ACMOS is a technology which combines high-speed and density characteristics
with low-power consumption or dissipation.

While maintaining all the SAB 80C515 features and operating characteristics the

SAB 80C517 is expanded in its arithmetic capabilities, "fail-safe” characteristics, analog signal
processing and timer capabilities. The SAB 80C537 is identical with the SAB 80C517 except
that it lacks the on-chip program memory. The SAB 80C517/SAB 80C537 is supplied in a

84 pin plastic leaded chip carrier package (P-LCC-84) and in a 100-pin plastic quad metric flat
package (P-MQFP-100-2).
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Ordering Information

Type Ordering Package Description
code 8-bit CMOS microcontroller
SAB 80C517-N Q67120-C397 |P-LCC-84 with factory mask-programma-
SAB 80C517-M TBD P-MQFP-100-2 |Plé ROM,12 MHz
SAB 80C537-N Q67120-C452 |P-LCC-84
for external memory, 12 MHz
SAB 80C537-M TBD P-MQFP-100-2
SAB 80C517-N-T40/85 Q67120-C483 |P-LCC-84 with factory mask-programma-
ble ROM, 12 MHz,
SAB 80C517-M-T40/85 TBD P-MQFP-100-2 | temperature — 40 to 85 OC
SAB 80C537-N-T40/85 Q67120-C484 |P-LCC-84 for external ROM, 12 MHz,
SAB 80C537-M-T40/85 | TBD P-MQFP-100-2 | €Xt. temperature — 40 to 85 °C
SAB 80C517-N16 Q67120-C723 |P-LCC-84 with mask-programmable
ROM,16 MHz ext. temperature
SAB 80C517-M16 TBD P-MQFP-100-2 | 40 to 110 °C
SAB 80C537-N16 Q67120-C722 |P-LCC-84
for external memory, 16 MHz
SAB 80C537-M16 TBD P-MQFP-100-2
SAB 80C517-N16-T40/85 [Q67120-C724 |P-LCC-84 with mask-programmable ROM,
16 MHz
ext. temperature — 40 to 85 °C
SAB 80C517-16-N-T40/85 |Q67120-C725 |P-LCC-84 with factory mask-programma-
ble ROM,12 MHz
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VCC l'/SS
Port 7
AT e— o
of
Port A
4—bit ﬁ> .
Ofr
Vaper —— <:> 8—hit
Yoono | Port 2
I A
PE/SWD > SAB
Tl Port 3
RO «——  80C517 A
RESET — »| 80C537
<:> Port 4
_ 8—bit
A » s
ar
_ALE < A
PSEN <«— |
<:> Port b
XTAL1 8—bit
XTAL2
MCI 00778
Logic Symbol
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P7.3 [ [ ] OWE
P7.2 [ [] P5.0
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P3.3 [ 1 P5.6
P3.4 [ 1 P5.7
P35 [ [ Vs
P26 [ [1 PO.7
P27 [ [ 1 PO.&
P1.7 [ [] P05
P1.6 [ 1 P04
P15 [ 1 P03
P1.4 [ 32 54 [ PO.2

L33 53

N

MAT O 2 N T O TAM SN © Nz Lo
oo EES&ESESESQ“ T MCPOOT775

Pin Configuration
(P-LCC-84)
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5
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SopeEceEEZE
FTERNRERINI ST s s -NmEn
Looonoaooand==Z6a00ano
AN OO Earnrrrr
100 81
CC4/INT2/P1.4 T 1 O 80 [ P7.7

N.C. 2 Vaeno

N.C. T 2 Viper

N.C. O 2 N.C.

N.C. & 2 N.C.
CC3/INT6/P1.3 O 2 N.C.
CC2/INT5/P1.2 O 2 N.C.
CC1/INT4/P1.1 O 2 RESET
CCO/INT3/P1.0 O [ P4.7/CM7

Ve 2 P4.6/CME

Voo 2 P4.5/CM5

XTAL2 < [ 2 P4.4/CM4
XTAL1 ¢ [0 P4.3/CM3

P2.0 2 PE/SWD

P2.1 (2 P4.2/CM2

09 9 ] SAB 80C517/80C537 2 P41 /M1

P2.3 2 P4.0/CMO

P2.4 ¢ [ 2 Vo

P2.5 ] [ 2 Voo

P2.6 T [ RO

P2.7 [ P8.3

PSEN ] [ P8.2

ALE 2 P81

EA < 2 PB.0

N.C. O 2 P6.7

PO.0 [ P6.5

PO.1 [ P6.5

N.C. & 2 N.C.

N.C. T 2 N.C.

P0.2 ] 30 512 N.C.

L 50 )
NENESENENESESESESESESESENENESENSENENENEN
I I A S T s B e B Bl B T B B B B
SR A= O O O O O O G O
P e S e
= EEEEEEE [T I e
8 8 8 8 8 8 8 8 ‘QI é & MCP0215C
Pin Configuration
(P-MQFP-100-2)
Semiconductor Group 6




SIEMENS

SAB 80C517/80C537

Pin Definitions and Functions

Symbol

Pin Number

P-LCC-84 P-MQFP-100-2

/107

Function

P4.0—- P4.7 |1-3,5-

9 64 - 66,
68 - 72

1/O

Port 4

is a bidirectional 1/0O port with internal
pull-up resistors. Port 4 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, and in that
state can be used as inputs. As inputs,
port 4 pins being externally pulled low
will source current (I, in the DC
characteristics) because of the internal
pull-up resistors.

This port also serves alternate compare
functions. The secondary functions are
assigned to the pins of port 4 as follows:
— CMO (P4.0): Compare Channel 0

— CM1 (P4.1): Compare Channel 1

— CM2 (P4.2): Compare Channel 2

— CM3 (P4.3): Compare Channel 3

— CM4 (P4.4): Compare Channel 4

— CM5 (P4.5): Compare Channel 5

— CM6 (P4.6): Compare Channel 6

— CM7 (P4.7): Compare Channel 7

PE/SWD 4

67

Power saving modes enable/Start
Watchdog Timer

A low level on this pin allows the
software to enter the power down, idle
and slow down mode. In case the low
level is also seen during reset, the
watchdog timer function is off on
default.

Use of the software controlled power
saving modes is blocked, when this pin
is held on high level. A high level during
reset performs an automatic start of the
watchdog timer immediately after reset.
When left unconnected this pinis pulled
high by a weak internal pull-up resistor.

*1 = Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol Pin Number /0" |Function

P-LCC-84 P-MQFP-100-2

RESET 10 73 I RESET

A low level on this pin for the duration of
one machine cycle while the oscillator
is running resets the SAB 80C517. A
small internal pull-up resistor permits
power-on reset using only a capacitor
connected to Vgg.

VAREE 11 78 Reference voltage for the A/D con-
verter.

VAGND 12 79 Reference ground for the A/D
converter.

P7.7-P7.0 [13-20 80 - 87 Port 7

is an 8-bit unidirectional input port. Port
pins can be used for digital input, if
voltage levels meet the specified input
high/low voltages, and for the lower
8-bit of the multiplexed analog inputs of
the A/D converter, simultaneously.

*| = Input
O = Output

Semiconductor Group 8
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Pin Definitions and Functions (cont'd)

Symbol Pin Number /0" |Function

P-LCC-84 P-MQFP-100-2

P3.0-P3.7 |21-28 90 - 97 /O |Port3

is a bidirectional 1/0O port with internal
pull-up resistors. Port 3 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, 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
pull-up resistors. Port 3 also contains
the interrupt, timer, serial port 0 and
external memory strobe pins that are
used by various options. The output
latch corresponding to a secondary
function must be programmed to a one
(2) for that function to operate.

The secondary functions are assigned
to the pins of port 3, as follows:

— R x DO (P3.0): receiver data input
(asynchronous) or data input/output
(synchronous) of serial interface

— T x DO (P3.1): transmitter data
output (asynchronous) or clock
output (synchronous) of serial
interface O

— INTO (P3.2): interrupt O input/timer O
gate control

— INT1 (P3.3): interrupt 1 input/timer 1
gate control

— TO (P3.4): counter O input

— T1 (P3.5): counter 1 input

— WR (P3.6): the write control signal
latches the data byte from port O into
the external data memory

— RD (P3.7): the read control signal
enables the external data
memory to port 0

*1 = Input
O = Output

Semiconductor Group 9
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Pin Definitions and Functions (cont'd)

Symbol Pin Number /0" |Function

P-LCC-84 P-MQFP-100-2

P1.7-P1.0 |29-36 98 - 100, /O |Port1l

1,6-9 is a bidirectional 1/0 port with inter-nal
pull-up resistors. Port 1 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, and in that
state can be used as inputs. As inputs,
port 1 pins being externally pulled low
will source current (I, in the DC
character-istics) because of the internal
pull-up resistors. It is used for the low
order address byte during program
verifi-cation. It also contains the
interrupt, timer, clock, capture and
compare pins that are used by various
options. The output latch must be
programmed to a one (1) for that
function to operate (except when used
for the compare functions).

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

— INT3/CCO (P1.0): interrupt 3 input/
compare 0 output / capture 0 input

— INT4/CC1 (P1.1): interrupt 4 input /
compare 1 output /capture 1 input

— INT5/CC2 (P1.2): interrupt 5 input /
compare 2 output /capture 2 input

— INT6/CC3 (P1.3): interrupt 6 input /
compare 3 output /capture 3 input

— INT2/CC4 (P1.4): interrupt 2 input /
compare 4 output /capture 4 input

— T2EX (P1.5): timer 2 external reload
trigger input

— CLKOUT (P1.6): system clock
output

— T2 (P1.7): counter 2 input

*1 = Input
O = Output

Semiconductor Group 10
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Number

P-LCC-84

P-MQFP-100-2

/0"

Function

XTAL2 39 12

XTAL2
Input to the inverting oscillator amplifier
and input to the internal clock generator
circuits.

XTAL1 40 13

XTAL1

Output of the inverting oscillator
amplifier. To drive the device from an
external clock source, XTAL2 should
be driven, while XTALL1 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 devided
down by a divide-by-two flip-flop.
Minimum and maximum high and low
times as well as rise/fall times specified
in the AC characteristics must be
observed.

P2.0-P2.7 |41-48 14 -21

1/O

Port 2

is a bidirectional I/O port with internal
pull-up resistors. Port 2 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, and in that
state can be used as in-puts. As inputs,
port 2 pins being externally pulled low
will source current (I,,, in the DC
characteristics) because of the internal
pull-up 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-bitaddresses (MOVX @DPTR).
In this application it uses strong
internal pull-up resistors when
issuingl s. During accesses to external
data memory that use 8-bit addresses
(MOVX @Ri), port 2 issues the
contents of the P2 special function
register.

*1 = Input
O = Output

Semiconductor Group
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

PSEN 49 22

The Program Store Enable

output is a control signal that en-ables
the external program memory to the
bus during external fetch operations. It
is activated every six oscillator periodes
except during external data memory
accesses. Remains high during internal
pro-gram execution.

ALE 50 23

The Address Latch Enable

output is used for latching the address
into external memory during normal
operation. It is activated every six oscil-
lator periodes except during an exter-
nal data memory access

External Access Enable

When held at high level, instructions
are fetched from the internal ROM
when the PC is less than 8192. When
held at low level, the SAB 80C517 fet-
ches all instructions from external pro-
gram memory. For the SAB 80C537
this pin must be tied low

P0.0 - PO.7 |52-59 26 - 27,

30-35

1/0

Port O

is an 8-bit open-drain bidirectional

I/O port. Port O pins that have 1 s
written to them float, and in that state
can be used as high-impe-dance
inputs. Port O 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 pull-up resistors when
issuing 1 s. Port O also out-puts the
code bytes during program verifica-tion
in the SAB 83C517. External pull-up
resistors are required during program
verification.

*1 = Input
O = Output

Semiconductor Group
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

P5.7-P5.0 |61-68 37 -44

1/O

Port 5

is a bidirectional 1/0O port with internal
pull-up resistors. Port 5 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, and in that
state can be used as inputs. As inputs,
port 5 pins being externally pulled low
will source current (I,, in the DC
characteristics) because of the internal
pull-up resistors. This port also serves
the alternate function "Concurrent
Compare". The secondary functions
are assigned to the port 5 pins as
follows:

— CCMO (P5.0): concurrent compare 0
— CCM1 (P5.1): concurrent compare 1
— CCM2 (P5.2): concurrent compare 2
— CCM3 (P5.3): concurrent compare 3
— CCMA4(P5.4): concurrent compare 4
CCMS5 (P5.5): concurrent compare 5
CCMB6 (P5.6): concurrent compare 6
CCM7(P5.7): concurrent compare 7

OWE 69 45

Oscillator Watchdog Enable

A high level on this pin enables the
oscillator watchdog. When left
unconnected this pin is pulled high by a
weak internal pull-up resistor. When
held at low level the oscillator watchdog
function is off.

*| = Input
O = Output

Semiconductor Group
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Number

P-LCC-84

P-MQFP-100-2

/10"

Function

P6.0-P6.7 |70-77 46 - 50,

54 - 56

1/O

Port 6

is a bidirectional 1/0O port with internal
pull-up resistors. Port 6 pins that have 1
s written to them are pulled high by the
internal pull-up resistors, and in that
state can be used as inputs. As inputs,
port 6 pins being externally pulled low
will source current (I, in the

DC characteristics) because of the
internal pull-up resistors. Port 6 also
contains the external A/D converter
control pin and the transmit and receive
pins for serial channel 1. The output
latch corresponding to a secondary
function must be programmed to a one
(2) for that function to operate.

The secondary functions are assigned
to the pins of port 6, as follows:

— ADST (P6.0): external A/D converter
start pin

— R x D1 (P6.1): receiver data input of
serial interface 1

— TxD1(P6.2): transmitter data output
of serial interface 1

P8.0-P8.3 |78-81 57 - 60

Port 8

is a 4-bit unidirectional input port. Port
pins can be used for digital input, if
voltage levels meet the specified input
high/low voltages, and for the higher 4-
bit of the multiplexed analog inputs of
the A/D converter, simultaneously

*1 = Input
O = Output

Semiconductor Group
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Pin Definitions and Functions (cont'd)

Symbol Pin Number I/0” |Function

P-LCC-84 P-MQFP-100-2

RO 82 61 @) Reset Output

This pin outputs the internally
synchronized reset request signal. This
signal may be generated by an external
hardware reset, a watchdog timer reset
or an oscillator watch-dog reset. The
reset output is active low.

Vsg 37,60, 83 10, 62 - Circuit ground potential
Vee 38,84 11, 63 - Supply Terminal for all operating
modes
N.C. - 2 -5, 25, - Not connected
28 - 29,
36,
51 - 53,
74 - 77,
88 - 89
*1 = Input
O = Output
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SIEMENS SAB 80C517/80C537

Functional Description

The SAB 80C517 is based on 8051 architecture. Itis a fully compatible member of the Siemens
SAB 8051/80C51 microcontroller family being a significantly enhanced SAB 80C515. The
SAB 80C517 is therefore 100 % compatible with code written for the SAB 80C515.

CPU

Having an 8-bit CPU with extensive facilities for bit-handling and binary BCD arithmetics the
SAB 80C517 is optimized for control applications. With a 12 MHz crystal, 58 % of the
instructions execute in 1 ys.

Being designed to close the performance gap to the 16-bit microcontroller world, the
SAB 80C517’'s CPU is supported by a powerful 32-/16-bit arithmetic unit and a more flexible
addressing of external memory by eight 16-bit datapointers.

Memory Organisation

According to the SAB 8051 architecture, the SAB 80C517 has separate address spaces for
program and data memory. Figure 2 illustrates the mapping of address spaces.

Shared Address lLocation
FFFF FF FF FFFF

Upper | Special ]

128—Bytes — Function —

Ext | Internal L Registers |

xterna RAM
& 80 External
Data
2000 Memory
7F
| Lower |
| 128-Bytes |
| Internal |
TFFF TFFF RAM
Internal External
0 Q 00 0000
Program Memory
Data Memory
. Register
ik
J Addressing
MCRO0O72

Figure 2
Memory Mapping
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Program Memory

The SAB 80C517 has 8 KByte of on-chip ROM, while the SAB 80C537 has no internal ROM.
The program memory can externally be expanded up to 64 Kbyte. Pin EA controls whether
program fetches below address 2000H are done from internal or external memory.

Data Memory
The data memory space consists of an internal and an external memory space.

External Data Memory

Up to 64 KByte external data memory can be addressed by instructions that use 8-bit or 16-bit
indirect addressing. For 8-bit addressing MOVX instructions utilizing registers RO and R1 can
be used. A 16-bit external memory addressing is supported by eight 16-bit datapointers.

Multiple Datapointers

As a functional enhancement to standard 8051 controllers, the SAB 80C517 contains eight
16-bit datapointers. The instruction set uses just one of these datapointers at a time. The
selection of the actual datapointers is done in special function register DPSEL (data pointer
select,

addr. 92H). Figure 3 illustrates the addressing mechanism.

Internal Data Memory

The internal data memory is divided into three physically distinct blocks:

— the lower 128 bytes of RAM including four banks of eight registers each
— the upper 128 byte of RAM

— the 128 byte special function register area.

A mapping of the internal data memory is also shown in figure 2. The overlapping address
spaces are accessed by different addressing modes. The stack can be located anywhere in the
internal data memory.

Semiconductor Group 18
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DPSEL Selected
Data—
2 .1 .0 | pointer

0 | DPTR
1 DPTR
0 | DPTR
1 DPTR
0 | DPTR
1
0
1

DPTRO

DPH(83y)  DPL(82)

/\/

9PTR External Data Memory

DPTR
DPTR

MCDO0779

e = T~ B = T =

Y o T o T SOy
~ Y U s NN = O

Figure 3
Addressing of External Data Memory
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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 81 special function registers include arithmetic
registers, pointers, and registers that provide an interface between the CPU and the on-chip
peripherals. There are also 128 directly addressable bits within the SFR area. The special
function registers are listed in table 1. In this table they are organized in groups which refer to
the functional blocks of the SAB 80C517. Block names and symbols are listed in alphabetical

order.

Table 1
Special Function Register
Address Register Name Register Contents
after Reset
CPU ACC Accumulator OEOH b OOH
B B-Register OFOH D OOH
DPH Data Pointer, High Byte 83H OOH
DPL Data Pointer, Low Byte 82H OOH
DPSEL Data Pointer Select Register 92H XXXX.X000B 3
PSW Program Status Word ODOH b O0OH
SP Register 81H 07H
Stack Pointer
A/D- ADCONO |A/D Converter Control OD8H D OOH
Converter |ADCON1 |Register 0 ODCH XXXX.0000B ?
ADDAT A/D Converter Control Register 1 |OD9H OOH
DAPR A/D Converter Data Register ODAH OOH
D/AConverter Program Register
Interrupt IENO Interrupt Enable Register O OA8H D OOH
System CTCON 2 | Com. Timer Control Register OE1H 0XXX.0000B
IEN1 Interrupt Enable Register 1 OB8H b OOH
IEN2 Interrupt Enable Register 2 9AH XXXX.00X0B 3
IPO Interrupt Priority Register O OA9H OOH
IP1 Interrupt Priority Register 1 0B9H XX00 0000B
IRCON Interrupt Request Control OCOH D OOH
TCON 2 Register 88H D O0H
T2CON 2 |Timer Control Register 0C8H OOH
Timer 2 Control Register

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 indeterminate and the location is reserved

Semiconductor Group
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Table 1
Special Function Register (cont’d)
Address Register Name Register Contents
after Reset
MUL/DIV ARCON Arithmetic Control Register OEFH OXXX. XXXXB¥
Unit MDO Multiplication/Division OES9H XXH?
MD1 Register 0 OEAH XXH»
MD2 Multiplication/Division OEBH XXH?
MD3 Register 1 OECH XXH?
MD4 Multiplication/Division R OEDH XXH?
MD5 egister 2 OEEH XXH»
Multiplication/Division
Register 3
Multiplication/Division
Register 4
Multiplication/Division
Register 5

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 indeterminate and the location is reserved
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Table 1

Special Function Register (cont’d)

Address Register Name Register Contents

after Reset

Compare/ CCEN Comp./Capture Enable Reg. OC1H OOH

Capture- CC4EN Comp./Capture Enable 4 Reg. OC9H X000.0000B%

Unit (CCU) |CCH1 Comp./Capture Reg. 1, High Byte |0OC3H OOH
CCH2 Comp./Capture Reg. 2, High Byte |0C5H OOH
CCH3 Comp./Capture Reg. 3, High Byte |0C7H OOH
CCH4 Comp./Capture Reg. 4, High Byte |0CFH OOH
CCL1 Comp./Capture Reg. 1, Low Byte |{0C2H OOH
CCL2 Comp./Capture Reg. 2, Low Byte |0C4H OOH
CCL3 Comp./Capture Reg. 3, Low Byte |0C6H OOH
CCL4 Comp./Capture Reg. 4, Low Byte |0CEH OOH
CMEN Compare Enable Register OF6H OOH
CMHO Compare Register 0, High Byte |0D3H OOH
CMH1 Compare Register 1, High Byte |0D5H OOH
CMH2 Compare Register 2, High Byte |0D7H OOH
CMH3 Compare Register 3, High Byte |0E3H OOH
CMH4 Compare Register 4, High Byte |OE5H OOH
CMH5 Compare Register 5, High Byte |0OE7H OOH
CMHG6 Compare Register 6, High Byte |0OF3H OOH
CMH7 Compare Register 7, High Byte  |0OF5H OOH
CMLO Compare Register 0, Low Byte O0D2H OOH
CML1 Compare Register 1, Low Byte 0D4H OOH
CML2 Compare Register 2, Low Byte OD6H OOH
CML3 Compare Register 3, Low Byte OE2H OOH
CML4 Compare Register 4, Low Byte OE4H OOH
CML5 Compare Register 5, Low Byte OEG6H OOH
CML6 Compare Register 6, Low Byte OF2H OOH
CML7 Compare Register 7, Low Byte OF4H O00H
CMSEL Compare Input Select OF7H OOH
CRCH Com./Rel./Capt. Reg. High Byte |0CBH O0OH
CRCL Com./Rel./Capt. Reg. Low Byte |0CAH O00H
CTCON Com. Timer Control Reg. OE1H 0XXX.0000B?
CTRELH Com. Timer Rel. Reg., High Byte |ODFH OOH
CTRELL Com. Timer Rel. Reg., Low Byte |ODEH OOH
TH2 Timer 2, High Byte OCDH OOH
TL2 Timer 2, Low Byte OCCH OOH
T2CON Timer 2 Control Register OC8H?Y O0H

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 indeterminate and the location is reserved
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Table 1
Special Function Register (cont’d)
Address Register Name Register Contents
after Reset
Ports PO Port O 80H D FFH
P1 Port 1 90H D FFH
P2 Port 2 OAOH D FFH
P3 Port 3 OBOH D FFH
P4 Port 4 OE8H V) FFH
P5 Port 5 OF8H D FFH
P6 Port 6, OFAH FFH
P7 Port 7, Analog/Digital Input ODBH XXH 3
P8 Port 8, Analog/Digital Input, 4-bit |ODDH XXH 3
Pow.Sav. PCON Power Control Register 87H OOH
Modes
Serial ADCONO 2 |A/D Converter Control Reg. OD8H 1 OOH
Channels PCON 2 Power Control Register 87H OOH
SOBUF Serial Channel 0 Buffer Reg. 99H XXH?3
SOCON Serial Channel 0 Control Reg. |98H 1 OOH
S1BUF Serial Channel 1 Buffer Reg., 9CH OXXH?
S1CON Serial Channel 1 Control Reg. 9BH 0X00.000B d
S1REL Serial Channel 1 Reload Reg. 9DH OOH
Timer 0/ TCON Timer Control Register 88H D O0H
Timer 1 THO Timer 0, High Byte 8CH OOH
TH1 Timer 1, High Byte 8DH OOH
TLO Timer O, Low Byte 8AH OOH
TL1 Timer 1, Low Byte 8BH OOH
TMOD Timer Mode Register 89H OOH
Watchdog IENO 2 Interrupt Enable Register O OA8H D OOH
IEN1 2 Interrupt Enable Register 1 OB8H D OOH
IPO 2 Interrupt Priority Register O OA9H O00H
P12 Interrupt Priority Register 1 OB9H XX00.0000B 3
WDTREL |Watchdog Timer Reload Reg. 86H OOH

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 indeterminate and the location is reserved
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A/D Converter

The SAB 80C517 contains an 8-bit A/D Converter with 12 multiplexed input channels which
uses the successive approximation method. It takes 7 machine cycles to sample an analog
signal (during this sample time the input signal should be held constant); the total conversion
time (including sample time) is 13 machine cycles (13 us at 12 MHz oscillator frequency).
Conversion can be programmed to be single or continuous; at the end of a conversion an
interrupt can be generated.

A unique feature is the capability of internal reference voltage programming. The internal
reference voltages V|iarer @and Vintagnp for the A/D converter are both programmable to one
of 16 steps with respect to the external reference voltages. This feature permits a conversion
with a smaller internal reference voltage range to gain a higher resolution. In addition, the
internal reference voltages can easily be adapted by software to the desired analog input
voltage range (see table 2).

Table 2

djustable Internal Reference Voltages

Step DAPR (.3-.0) VintAGND VintAREF
DAPR (.7-.4)

0 0000 0.0 5.0

1 0001 0.3125 -

2 0010 0.625 -

3 0011 0.9375 -

4 0100 1.25 1.25

5 0101 1.5625 1.5625

6 0110 1.875 1.875

7 0111 2.1875 2.1875

8 1000 2.5 2.5

9 1001 2.8125 2.8125

10 1010 3.125 3.125

11 1011 3.4375 3.4375

12 1100 3.75 3.75

13 1101 - 4.0625

14 1110 — 4.375

15 1111 - 4.68754
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Block Diagram A/D Converter
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Compare/Capture Unit (CCU)

The compare capture unit is a complex timer/register array for applications that require high
speed I/O, pulse width modulation and more timer/counter capabilities. The CCU contains

— one 16-bit timer/counter (timer 2) with 2-bit prescaler, reload capability and a max.clock
frequency of fogc /12 (1 MHz with a 12 MHz crystal).

— one 16-bit timer (compare timer) with 8-bit prescaler, reload capability and a max. clock
frequency of fogc/2 (6 MHz with a 12 MHz crystal).

— thirteen 16-bit compare registers.

— five of which can be used as 16-bit capture registers.

— up to 21 output lines controlled by the CCU.

— seven interrupts which can be generated by CCU-events.

Figure 5 shows a block diagram of the CCU. Eight compare registers (CMO to CM7) can
individually be assigned to either timer 2 or the compare timer. Diagrams of the two timers are
shown in figures 6 and 7. The four compare/capture registers and the compare/reload/capture
register are always connected to timer 2. Dependent on the register type and the assigned
timer two compare modes can be selected. Table 3 illustrates possible combinations and the
corresponding output lines.

Table 3

CU Compare Configuration

ASSigned Timer DAPR (3-0) VIntAGND VIntAREF
DAPR (.7-.4)

Timer 2 CRCH/CRCL P1.0/INT3/CCO Comp. mode 0, 1 + Reload
CC1H/CC1L P1.1/INT4/CC1 Comp. mode 0, 1
CC2H/CC2L P1.2/INT5/CC2 Comp. mode 0, 1
CC3H/CC3L P1.3/INT6/CC3 Comp. mode 0, 1
CC4H/CC4L P1.4/INT2/CC4 Comp. mode 0, 1
CC4H/CCA4L P5.0/CCMO Comp. mode 1
CCAH/CCAL P5.7/CCM7 Comp. mode 1
CMOH/CMOL P4.0/CMO Comp. mode 1
CM?H./CM7L P4.7/éM7 Comp.. mode 1

Compare CMOH/CMOL P4.0/CMO Comp. mode 0

timer (with add. latches)
CM?H./CM7L P4.7/éM7 Comp.. mode 0

(with add. latches)
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Block Diagram of the Compare/Capture Unit
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Compare

In the compare mode, the 16-bit values stored in the dedicated compare registers are
compared to the contents of the timer 2 register or the compare timer register. If the count value
in the timer registers matches one of the stored values, an appropriate output signal is
generated and an interrupt is requested. Two compare modes are provided:

Mode 0: Upon a match the output signal changes from low to high. It goes back to low level
when the timer overflows.

Mode 1: The transition of the output signal can be determined by software. A timer overflow
signal doesn't affect the compare-output.

Compare registers CMO0 to CM7 use additional compare latches when operated in mode 0.
Figure 8 shows the function of these latches. The latches are implemented to prevent from loss
of compare matches which may occur when loading of the compare values is not correlated
with the timer count. The compare latches are automatically loaded from the compare registers
at every timer overflow.

Capture

This feature permits saving of the actual timer/counter contents into a selected register upon
an external event or a software write operation. Two modes are provided to latch the current
16-bit value of timer 2 registers into a dedicated capture register.

Mode 0: Capture is performed in response to a transition at the corresponding port pins CCO
to CC3.

Mode 1. Write operation into the low-order byte of the dedicated capture register causes the
timer 2 contents to be latched into this register.

Reload of Timer 2

A 16-bit reload can be performed with the 16-bit CRC register, which is a concatenation of the
8-bit registers CRCL and CRCH. There are two modes from which to select:

Mode 0: Reload is caused by a timer overflow (auto-reload).

Mode 1: Reload is caused in response to a negative transition at pin T2EX (P1.5), which also
can request an interrupt.

Timer/Counters 0 and 1

These timer/counters are fully compatible with timer/counter 0 or 1 of the SAB 8051 and can
operate in four modes:

Mode 0: 8-bit timer/counter with 32:1 prescaler
Mode 1: 16-bit timer/counter
Mode 2: 8-bit timer/counter with 8-bit auto reload

Mode 3: Timer/counter O is configured as one 8-bit timer; timer/counter 1 in this mode holds
its count.

External inputs INTO and INT1 can be programmed to function as a gate for timer/counters O
and 1 to facilitate pulse width measurements.
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Block Diagram of Timer 2
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Interrupt Structure

The SAB 80C517 has 14 interrupt vectors with the following

flags.

Table 4

Interrupt Sources and Vectors

vector addresses and request

Source (Request Flags)

Vector Address

Vector

IEO
TFO
IE1
TF1
RIO/TIO
TF2 + EXF2
IADC
IEX2
IEX3
IEX4
IEX5
IEX6
RI1/TI1
CTF

0003H
000BH
0013H
001BH
0023H
002BH
0043H
004BH
0053H
005BH
0063H
006BH
0083H
009BH

External interrupt O
Timer O overflow
External interrupt 1
Timer 1 overflow

Serial channel 0

Timer 2 overflow/ext. reload
A/D converter

External interrupt 2
External interrupt 3
External interrupt 4
External interrupt 5
External interrupt 6
Serial channel 1
Compare timer overflow

Each interrupt vector can be individually enabled/disabled. The response time to an interrupt
request is more than 3 machine cycles and less than 9 machine cycles.

External interrupts 0 and 1 can be activated by a low-level or a negative transition (selectable)
at their corresponding input pin, external interrupts 2 and 3 can be programmed for triggering
on a negative or a positive transition. The external interrupts 2 to 6 are combined with the
corresponding alternate functions compare (output) and capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs or triples.
Each pair or triple can be programmed individually to one of four priority levels by setting or
clearing one bit in special function register IPO and one in IP1. Figure 9 shows the interrupt

request sources, the enabling and the priority level structure.
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Interrupt Structure

Semiconductor Group 32



SIEMENS SAB 80C517/80C537

»| Highest
IS 9/0 Priarity Level
Timer 1 Overflow —IF 1 70/07 = e o > A | I
O >
- | °/O Lowest
© »| Priority Level
C Ti o 5 G/Z .
S o) B =5 et B el B I i e
ECT C‘) °/ >
© >
O
s o e/o >
P1.1/INT4/CC1 7_/'7@( 4 H P I P )
EX 4 > /O > g
O » |
IP1.3 IPD.3 |
/ﬁ g ;
g
Receiver | RIO [ oy s . .
Ser. Channel 0 _Q/O_ o o o ° _ S
Transmitter — 10 K £S 0 o e > S
9 » LI
e
o
st ¢
P1.2/INT5,/CC2 —f—|Ex e I el B P kR
IF1.4 IPO.4
Timer 2 9 | /@ >
Qverflow | 1 > el Q/ 5 . N
|| || o gr,—’“
O >
AN\ e ET 2 bl I
Exen2 O >
P1.5/ B/O .
TZEX - : ) -
P1.3/INT6/CC3 —f—lEx A G P B P RN
EX 6 Q - —* v
c >
EAL IP1.5 IP0.5

MCS00786

Figure 9 (cont'd)
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Multiplication/Division Unit

This on-chip arithmetic unit provides fast 32-bit division, 16-bit multiplication as well as shift and
normalize features. All operations are integer operations.

Operation Result Remainder Execution Time
32-bit/16-bit 32-bit 16-bit 6tey?)
16-bit/16-bit 16-bit 16-bit 4t ¢y

16-bit 016-bit 32-bit — 4ty

32-bit normalize - - 6tey?)

32-bit shift left/right - - 6tey?)

o1 tCy =1 us @ 12 MHz oscillator frequency.
2 The maximal shift speed is 6 shifts/cycle.

The MDU consists of six registers used for operands and results and one control register.
Operation of the MDU can be divided in three phases:

st Write (MDO) Last Write (MD5 or ARCON)
First Read Last Read
(MDO) (MD3 or MD5)
Fhase 1 > Phase 2 > Phase 3 >
Load Registers Calculate Read Registers
[Jime MCAD0787

Figure 10
Operation of the MDU

To start an operation, register MDO to MD5 (or ARCON) must be written to in a certain
sequence according to table 5 or 6. The order the registers are accessed determines the type
of the operation. A shift operation is started by a final write operation to register ARCON (see
also the register description).
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Table 5

Performing a MDU-Calculation

Operation 32-Bit/16-Bit 16-Bit/16-Bit 16-Bit = 16-Bit

First Write MDO D'endL MDO D'endL MDO M'andL
MD1 D'end MD1 D'end \
MD2  D'end MD2  D'end MD4  Morl
MD3 D'endH MD3 D'endH MD1 M'andH
MD4 D'orL MD4 D'orL MD5 M'orH

Last Write MD5 D'orH MD5 D'orH

First Read MDO QuoL MDO QuoL MDO PrL
MD1 Quo MD1 Quo
MD2  Quo MD2  Quo MD1  Pr
MD3 QuoH MD3 QuoH MD2 Pr
MD4 RemL MD4 RemL

Last Read MD5 RemH MD5 RemH MD3 PrH

Table 6

Shift Operation with the CCU

Operation Normalize, Shift Left, Shift Right

First Write MDO least significant byte
MD1
MD2
MD3 most significant byte

Last Write ARCON start of conversion

First Read MDO least significant byte
MD1
MD2

Last Read MD3 most significant byte

Abbreviations
D'end : Dividend, 1st operand of division

D'or : Divisor, 2nd operand of division

M'and : Multiplicand, 1st operand of multiplication

M'or . Multiplicator, 2nd operand of multiplication

Pr . Product, result of multiplication

Rem : Remainder

Quo : Quotient, result of division

..L . means, that this byte is the least significant of the 16-bit or 32-bit operand
..H . means, that this byte is the most significant of the 16-bit or 32-bit operand
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I/O Ports
The SAB 80C517 has seven 8-bit I/O ports and two input ports (8-bit and 4-bit wide).

Port 0 is an open-drain bidirectional 1/0 port, while ports 1 to 6 are quasi-bidirectional I/O ports
with internal pull-up resistors. That means, when configured as inputs, ports 1 to 6 will be pulled
high and will source current when externally pulled low. Port O will float when configured as
input.

Port 0 and port 2 can be used to expand the program and data memory externally. During an
access to external memory, port 0 emits the low-order address byte and reads/writes the data
byte, while port 2 emits the high-order address byte. In this function, port 0 is not an open-drain
port, but uses a strong internal pullup FET. Port 1, 3, 4, 5 and port 6 provide several alternate
functions. Please see the "Pin Description" for details.

Port pins show the information written to the port latches, when used as general purpose port.
When an alternate function is used, the port pin is controlled by the respective peripheral unit.
Therefore the port latch must contain a "one" for that function to operate. The same applies
when the port pins are used as inputs. Ports 1, 3, 4 and 5 are bit- addressable.

The SAB 80C517 has two dual-purpose input ports. The twelve port lines at port 7 and port 8
can be used as analog inputs for the A/D converter. If input voltages at P7 and P8 meet the
specified digital input levels (V,_and V) the port can also be used as digital input port.
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Power Saving Modes

The SAB 80C517 provides — due to Siemens ACMOS technology — three modes in which
power consumption can be significantly reduced.

— The Slow Down Mode
The controller keeps up the full operating functionality, but is driven with the eighth part of its
normal operating frequency. Slowing down the frequency greatly reduces power
consumption.

— The Idle Mode
The CPU is gated off from the oscillator, but all peripherals are still supplied by the clock and
able to work.

— The Power Down Mode
Operation of the SAB 80C517 is stopped, the oscillator is turned off. This mode is used to
save the contents of the internal RAM with a very low standby current.

All of these modes are entered by software. Special function register PCON (power control
register, address is 87H) is used to select one of these modes.

Hardware Enable for Power Saving Modes

A dedicated Pin (PE/SWD) of the SAB 80C517 allows to block the power saving modes. Since
this pin is mostly used in noise-critical application it is combined with an automatic start of the
Watchdog Timer (see there for further description).

PE/SWD =V, (logic high level):  Using of the power saving modes is not possible. The
instruction sequences used for entering of these modes
will not affect the normal operation of the device.

PE/SWD =V, (logic low level): All power saving modes can be activated by software.
When left unconnected, Pin PE/SWD is pulled to high level
by a weak internal pullup. This is done to provide system
protection on default.

The logic-level applied to pin PE/SWD can be changed during program execution to allow or to
block the use of the power saving modes without any effect on the on-chip watchdog circuitry.
Power Down Mode

The power down mode is entered by two consecutive instructions directly following each other.
The first instruction has to set the flag PDE (power down enable) and must not set PDS (power
down set). The following instruction has to set the start bit PDS. Bits PDE and PDS will
automatically be cleared after having been set.

The instruction that sets bit PDS is the last instruction executed before going into power down
mode. The only exit from power down mode is a hardware reset.

The status of all output lines of the controller can be looked up in table 7.
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Table 7

Status of External Pins During Idle and Power Down

Outputs Last instruction executed from Last instruction executed from
internal code memory external code memory

Idle Power down Idle Power Down

ALE High Low High Low

PSEN High Low High Low

Port O Data Data Float Float

Port 1 Data/alternate Data/last output |Data/alternate Data/last output
outputs outputs

Port 2 Data Data Address Data

Port 3 Data/alternate Data/last output | Data/alternate Data/last output
outputs outputs

Port 4 Data/alternate Data/last output | Data/alternate Data/last output
outputs outputs

Port 5 Data/alternate Data/last output | Data/alternate Data/last output
outputs outputs

Port 6 Data/alternate Data/last output | Data/alternate Data/last output
outputs outputs

Idle Mode

During idle mode all peripherals of the SAB 80C517 are still supplied by the oscillator clock.
Thus the user has to take care which peripheral should continue to run and which has to be
stopped during Idle.

The procedure to enter the Idle mode is similar to entering the power down mode.
The two bits IDLE and IDLS must be set by to consecutive instructions to minimize the chance
of unintentional activating of the idle mode.

There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enabled interrupt. This interrupt will be
serviced and normally the instruction to be executed following the RETI instruction will be
the one following the instruction that sets the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator is still
running, the hardware reset must be held active only for two machine cycles for a complete
reset.

Normally the port pins hold the logical state they had at the time idle mode was activated. If
some pins are programmed to serve their alternate functions they still continue to output during
idle mode if the assigned function is on. The control signals ALE and PSEN hold at logic high
levels (see table 7).
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Table 8

Baud Rate Generation

Function Serial Interface 0 Serial Interface 1
Mode Mode O -
8-Bit Baud rate*) |1 MHz @ fOSC =12 MHz -
synchronous
channel
Baud rate  |[fogc -
derived
from
Mode Mode 1 Mode B
8-Bit Baud rate*) |1-62.5K 4800, 9600 15-375K
UART
Baud rate Timer 1 BD 8-bit baud rate generator
derived
from
Mode Mode 2 Mode 3 Mode A
9-Bit Baud rate *) |187.5 K/ 1-625K 15-375K
UART 375K
Baud rate  |fpgc/2 Timer 1 8-bit baud rate generator
derived
from

*) Baud rate values are given for 12 MHz oscillator frequency.
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Serial Interface 0

Serial Interface 0 can operate in 4 modes:

Mode O:

Mode 1:

Mode 2:

Mode 3:

Shift register mode:

Serial data enters and exits through R x DO. T x DO outputs the shift clock 8 data
bits are transmitted/received (LSB first). The baud rate is fixed at 1/12 of the
oscillator frequency.

8-bit UART, variable baud rate:

10-bit are transmitted (through R x DO) or received (through R xDO0): a start bit (0),
8 data bits (LSB first), and a stop bit (1). On reception, the stop bit goes into RB80
in special function register SOCON. The baud rate is variable.

9-bit UART, fixed baud rate:

11-bit are transmitted (through T x DO) or received (through R xDO0): a start bit (0),
8 data bits (LSB first), a programmable 9th, and a stop bit (1). On transmission, the
9th data bit (TB80 in SOCON) can be assigned to the value of O or 1. For example,
the parity bit (P in the PSW) could be moved into TB80 or a second stop bit by
setting TB80 to 1. On reception the 9th data bit goes into RB80 in special function
register SOCON, while the stop bit is ignored. The baud rate is programmable to
either 1/32 or 1/64 of the oscillator frequency.

9-bit UART, variable baud rate:

11-bit are transmitted (through T x DO) or received (through R xDO0): a start bit (0),
8 data bits (LSB first), a programmable 9th, and a stop bit (1). In fact, mode 3 is the
same as mode 2 in all respects except the baud rate. The baud rate in mode 3 is
variable.

Variable Baud Rates for Serial Interface 0

Variable baud rates for modes 1 and 3 of serial interface 0 can be derived from either timer 1
or from the oscillator via a special prescaler ("BD").

Timer 1 may be operated in mode 1 (to generate slow baud rates) or mode 2. The dedicated
baud rate generator "BD" provides the two standard baud rates 4800 or 9600 baud. Table 8
shows possible configurations and the according baud rates.
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Serial Interface 1
Serial interface 1 can operate in two asynchronous modes:

Mode A:  9-bit UART, variable baud rate.
11 bits are transmitted (through T x DO) or received (through R xDO0): a start bit (0),
8 data bits (LSB first), a programmable 9th, and a stop bit (1). On trans- mission,
the 9th data bit (TB81 in S1CON) can be assigned to the value of 0 or 1. For
example, the parity bit (P in the PSW) could be moved into TB81 or a second stop
bit by setting TB81 to 1. On reception the 9th data bit goes into RB81 in special
function register SICON, while the stop bit is ignored.

Mode B:  8-bit UART, variable baud rate.
10 bits are transmitted (through T xD1) or received (through R xD1): a start bit (0),
8 data bits (LSB first), and a stop bit (1). On reception, the stop bit goes into RB81
in special function register SICON.

Variable Baud Rates for Serial Interface 1

Variable baud rates for modes A and B of serial interface 1 can be derived from a dedicated
baud rate generator.

baud rate clock
16

running timer with programmable reload register.

The baud rate clock (baud rate =

) is generated by a 8-bit free

Watchdog Units

The SAB 80C517 offers two enhanced fail safe mechanisms, which allow an automatic
recovery from hardware failure or software upset:

— programmable watchdog timer (WDT), variable from 512 us up to about 1.1 s time out period
@12 MHz. Upward compatible to SAB 80515 watchdog.

— oscillator watchdog (OWD), monitors the on-chip oscillator and forces the micro-controller to
go into reset state, in case the on-chip oscillator fails.

Programmable Watchdog Timer
The WDT can be activated by hardware or software.

Hardware initialization is done when pin PE/SWD (Pin 4) is held high during RESET. The SAB
80C517 then starts program execution with the WDT running. Pin PE/SWD doesn’t allow
dynamic switching of the WDT.

Software initialization is done by setting bit SWDT. A refresh of the watchdog timer is done by
setting bits WDT and SWDT consecutively.

A block diagram of the watchdog timer is shown in figure 11.

When a watchdog timer reset occurs, the watchdog timer keeps on running, but a status flag
WDTS is set. This flag can also be manipulated by software.
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Figure 11
Block Diagram of the Programmable Watchdog Timer

Oscillator Watchdog

The oscillator watchdog monitors the on-chip quartz oscillator. A detected oscillator failure
(fosc < appr. 300 kHz) causes a hardware reset. The reset state is held until the on-chip
oscillator is working again. The oscillator watchdog feature is enabled by a high level at pin
OWE (pin 69). An oscillator watchdog reset sets status flag OWDS which can be examined and
modified by software. Figure 12 shows a block diagram of the oscillator watchdog.

ATALS ws] [ T 1 1 [ [ |
3 IPO(0AS)

OWD Reset-Request

On-Chip 5
Oscillator '

Frequency Delay

Comparator 3 Cycles

v

XTAL2
Oi
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OWE | Waichdog ~ Clock
Oscillator MCBO0789

v

Q

Figure 12
Functional Block Diagram of the Oscillator Watchdog
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Instruction Set Summary

The SAB 80C517/80C537 has the same instruction set as the industry standard 8051
microcontroller.

A pocket guide is available which contains the complete instruction set in functional and
hexadecimal order. Furtheron it provides helpful information about Special Function Registers,
Interrupt Vectors and Assembler Directives.

Literature Information

Title Ordering No.
Microcontroller Family SAB 8051 Pocket Guide B158-H6497-X-X-7600
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Absolute Maximum Ratings
Ambient temperature under bias

SAB B0CS517/83C537 ...ttt 0to 70 °C

SAB 80C517/83C537-TAD/85 ... -401t0 85 °C
Storage temperature Tor ... — 6510150 °C
Voltage on V¢ pins with respect to ground (Vgg) «vvveeeeeeerreeeeeeiiniiiieeneeenn -05Vto65V
Voltage on any pin with respect to ground (Vgg) ......coovvvvreeiirineniiiineeniieenn. —-0.5t0Vc+0.5V
Input current on any pin during overload condition ...............ccoeviiiivieeeennnnn. —10mA to +10mA
Absolute sum of all input currents during overload condition ..................... |200mA|

oA o [ 7S] 0 = 11 0] o ISR 2W

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 conditions 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 > Vg or V |y < Vss)
theVoltage on V¢ pins with respect to ground (Vsg) must not exeed the values
definded by the absolute maximum ratings.

DC Characteristics

VCC:5 V +10 %:; VSS:0 V:
TAo=0to 70 °C for the SAB 80C517/83C537
Tpo=-401t0 85 °C for the SAB 80C517-/83C537-T40/85

Parameter Symbol Limit Values Unit |Test condition
min. max.

Input low voltage (except EA) |V, -05 0.2Vee— |V -

-0.1
Input low voltage (EA) Vi1 -05 0.2 Vee — |V -

-0.3
Input high voltage ViH 02Vee |Vect05 |V -

+0.9

Input high voltage to XTAL2 ViH1 0.7Vee |Vec 05 |V -
Input high voltage to RESET |V |2 0.6 Ve |Vec 05 |V -
Output low voltage VoL - 0.45 \Y loL.=1.6 mAY
(ports 1, 2, 3, 4, 5, 6)

Notes see page 341.
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DC Characteristics (cont'd)

Parameter Symbol Limit Values Unit |Test condition

min. max.
Output low voltage VoL1 - 0.45 \% loL=3.2mA Y
(ports ALE, PSEN, RO)
Output high voltage VoH 2.4 - \ loy=—80 pA
(ports 1, 2, 3, 4, 5, 6) 0.9Vee |- \Y loy=10 pA
Output high voltage VoH1 2.4 - \% lop=—800 pA?
(port O in external bus mode, 0.9 Vee |- \Y lon=—80 pA?)
ALE, PSEN, RO)
Logic O input current (I -10 -70 pA  |Vy=0.45V
(ports 1, 2, 3,4, 5, 6)
Input low current to RESET 2 -10 -100 pPA  |V|y=045V
for reset
Input low current (XTAL2) I3 — -15 pA V=045V
Input low current l'\La - -20 pA  |V|y=0.45V
(OWE, PE/SWD)
Logical 1-to-0 transition current |l - 65 —-650 PA V=2V
(ports 1, 2, 3, 4, 5, 6)
Input leakage current I - +1 A 0.45 < V< Vecl?
(port O, EA, ports 7, 8)
Pin capacitance Cio - 10 pF  |fc=1MHz

TA: 25°C

Power supply current:
Active mode, 12 MHz ® lce - 40 MA |Vec=5V,9
Idle mode, 12 MHz® - 15 mA Ve =5V,Y
Slow down mode, 12 MHz® - 15 mA  |Vec=5V,2
Active mode, 16 MHz® lcc - 52.3 mA  |Vec =5V,
Idle mode, 16 MHz® - 19 mA  |Vgc =5 V:
Slow down mode, 16MHz® - 19 mA  Vec =5V, ,
Power down Mode IPD - 50 |,1A VCC =2.55V )
Notes see page 341.
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A/D Converter Characteristics
VCC:5 Vilo%;VSSZO V

Varer = Ve £ 5%; Vagnp = Vss £ 0.2 V; Viniarer - Vintagnp 2 1V
Tapo=0to 70 °C for the SAB 80C517/83C537

TAo=-40to 85 °C for the SAB 80C517/83C537-T40/875

Parameter Symbol Limit values Unit | Test condition
min. typ. |max.
Analog input voltage V ANPUT VagnD | Varee |V 9)
- 0.2 +0.2
Analog input C — 25 60 pF 7)
capacitance
Load time t. — - 2 tey s 7)
Sample time tg — - Ttey us 7)
(incl. load time)
Conversion time tc - - 13tcy |MS 7)
(incl. sample time)
Differential non-linearity ~ |DNLE — £1/2 |1 LSB | V|ntaREE =
Integral non-linearity INLE — £1/2 [+ 1 LSB  |Varer = Vee
Offset error +1/2 |1 LSB |y _

, INtAGND =
Gain error TUE 12 |1 LSB Vv V.
Total unadjusted error £ 1|2 LSB 7)AGND SS
Internal reference error  |Vinireeerr | — +30 |mV 8)

VaAREE SUpply current | REE - - 5 mA 8)
Notes see page 341.
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Notes for pages 338, 339 and 340:

1)

2)

3)

4)

5)

6)

7

8)

9)

Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed
on the Vg of ALE and ports 1, 3, 4, 5 and 6. 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.

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.

Power down Ipp is measured with all output pins disconnected;
EA = RESET = V¢; Port 0 = Port 7 = Port 8 = Vcc; XTALL = N.C.; XTAL2 = Vgg;
VAGND: N.C.; VAREF = VCC; PE/SWD = OWE = Vss.

| cc (active mode) is measured with all output pins disconnected; XTALZ2 driven with clock
signal according to the figure below; XTAL1 = N.C.;

EA = OWE = PE/SWD = V; Port 0 = Port 7 = Port 8 = V¢;

RESET = Vgg. ¢ Would be slightly higher if a crystal oscillator is used.

Icc (idle mode,) is measured with all output pins disconnected and with all peripherals
disabled; XTAL2 driven with clock signal according to the figure below; XTAL1 = N.C.;
RESET = OWE = V¢; Port 0 = Port 7 = Port 8 = V¢; EA = PE/SWD = Vgs.

|cc (slow down mode) is measured with all output pins disconnected and with all peripherals
disabled; XTAL2 driven with clock signal according to the figure below; XTAL = N.C.; Port
7 =Port8 = VCC; ﬁ = ﬁ/SWD = Vss.

| c (max.) at other frequencies is given by: active mode: | oc max = 3.1 «fogc + 3.0

idle mode: | .c max = 1.0 « fggc + 3.0

Where fogc is the oscillator frequency in MHz. | o values are given in mA and measured at
Vce =5V (see also notes 4 and 5).

The output impedance of the analog source must be low enough to assure full loading of the
sample capacitance (C,) during load time (T, ). After charging of the internal capacitance (C))
in the load time (T, ) the analog input must be held constant for the rest of the sample time

(Ts).

The differential impedance Rp of the analog reference voltage source must be less than
1 kQ at reference supply voltage.

Exceeding the limit values at one or more input channels will cause additional current which
Is sinked sourced at these channels. This may also affect the accuracy of other channels
which are operated within the specification.

10) Only valid for not selected analog inputs.
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0.45V 0.2V -0.1V

fCHCL ——- -

/

- iLCHC)( -

- fCLCH

MCT00793

f(‘.\ rl

Clock of Waveform for | ¢ Tests in Active, Idle Mode and Slow Down Mode
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AC Characteristics

Vee=5 V£10%;Vsg=0 VTp= 0to 70 °C for the SAB 80C517/83C537
Tpo=-40t0 85 °C forthe SAB 80C517/83C537-T40/85

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

Parameter Symbol Limit values Unit

12 MHz clock Variable clock

1/t CLCL = 3.5MHzto 12 MHz

min max. min. max.
Program Memory Characteristics
ALE pUlse width tLHLL 127 — 2 tCLCL - 40 - ns
Address setup to ALE taviL 53 - tcLcL — 30 — ns
Address hold after ALE |t | ax 48 - tcicL — 35 — ns
ALE to valid tLL|V - 233 - 4tCLCL —100 ns
instruction in
ALE to PSEN tLLPL 58 - tCLCL - 25 - ns
PSEN pulse width teLPH 215 - 3telcL—35 |- ns
PSEN to valid tPL|V - 150 - 3tCLCL - 100 ns
instruction in
Input instruction hold texx 0 - 0 ns
after PSEN
Input instruction float tpxx* - 63 - tcLcL — 20 ns
after PSEN
Address valid after toxay® |75 - tcLcL — 8 - ns
PSEN 7
Address to valid taviv — 302 0 StcLcL — 115 |ns
instruction in
Address float to PSEN  |tazp| — - - ns

) Interfacing the SAB 80C517 to devices with float times up to 75 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit

12 MHz clock Variable clock

1/t ¢ cL =3.5 MHzto 12 MHz

min max. min. max.
External Data Memory Characteristics
RDpulse width tRLRH 400 |- 6 tccL— 100 |- ns
WR pulse width twowH 1400 |- 6 tc oL — 100 |- ns
Address hold after ALE |t | ax2 132 - 2tcicL—30 |- ns
RD to valid instr in trLDV - 252 |- StcLcL — 165 |ns
Data hold after RD tRHDX 0 - 0 — ns
Data float after RD tRHDZ - 97 - 2tcicL—70 |ns
ALE to valid data in t Lpv — 517 - 8tcLcL —150 |ns
Address to valid data in | taypy — 585 — 9tcLcL— 165 |ns
ALE to WR or RD t LWL 200 |300 [3tecL—-50 [3tcicL+50 |ns
WR or RD highto ALE  |tyHiH 43 123 tcLcL — 40 tc oL +40 ns
high
Address valid to WR tAvwL 203 |- 4tc oL —130 |- ns
Data valid to WR tovwx 33 - teLcL — 50 - ns
transition
Data setup before WR  [toywx 433 |- 7tcicL—150 |- ns
Data hold after WR twHox |33 - teLcL — 50 — ns
Address float after RD  [tg a7 - 0 - 0 ns
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AC Characteristics
VCCZSVilo%;VSS:OV
Tapo= 0to70°C forthe SAB 80C517-16/83C537-16
TA=-40t0 85 °C for the SAB 80C517-16/83C537-16-T40/85
(C, for port O, ALE and PSEN outputs = 100pF; C, for all outputs = 80 pF)

Parameter Symbol Limit values Unit

16 MHz clock Variable clock

1t ¢ cL =3.5MHzto 16 MHz

min max. min. max.
Program Memory Characteristics
ALE pulse width t HLL 85 - 2tcicL—40 |- ns
Address setup to ALE tAvLL 33 — tcLcL — 30 — ns
Address hold after ALE [t | ax 28 - tcLeL — 35 — ns
ALE to valid instr. in tLLv — 150 - 4tc c— 100 |ns
ALE to PSEN t L pL 38 - tcLcL — 25 — ns
PSEN pulse width tpl pH 153 |- StelcL =35 |- ns
PSEN to valid instr. in toL v - 88 - 3tcicL — 100 |ns
Input instruction hold texix 0 — 0 — ns
after PSEN
Input instruction float®  |tpxz - 43 - tcLcL — 20 ns
after PSEN
Address valid after texav 55 — tcLcL — 8 — ns
PSEN"
Address to valid instr. in | tayy - 198 0- StccL — 115 |ns
Address float to PSEN  |tazp 0 - 0 - ns

) Interfacing the SAB 80C517 to devices with float times up to 55 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1/t ¢ cL =3.5 MHz to 16 MHz
min max. min. max.
External Data Memory Characteristics
RDpulse width tRLRH 275 |- 6 tccL— 100 |- ns
WR pulse width twewn 1275 |- 6tc oL — 100 |- ns
Address hold after ALE |t | ax2 90 - 2tcLcL—35 |- ns
RD to valid data in triLDV - 148 |- StcLcL — 165 |ns
Data hold after RD tRHDX 0 - 0 — ns
Data float after RD tRUDZ - 55 - 2tcicL =70 |ns
ALE to valid data in t Lpv — 350 - 8 tcicL — 150 |[ns
Address to valid data in  |taypy — 398 — 9tcLcL—165 |ns
ALE to WR or RD t LWL 138|238  |3tc o —-50 |3tccL t50  |ns
WR or RD highto ALE  |tyuiH 23 103 |tc oL —40 teLcL +40 ns
high
Address valid to WR tAvwL 120 |- 4tc oL — 130 |- ns
Data valid to WR tovwx 13 - tcLcL — 50 — ns
transition
Data setup before WR | to\wh 288 |- 7toicL—150 |- ns
Data hold after WR twHOX 13 - tcLcL — 50 - ns
Address float after RD  [tg| a7 - 0 - 0 ns
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. fLHLL ’

ALE \ ’ \

~ fAVLL - [~ fPLPH -

-ty

fPLIV
PSEN / \v

Port 0 :>—< AD-A7 >—<:
“7’!AVN4’
/

Port 2 (\ AB-A15 AB—A15

MCTO0790

— - fWHLH ——

RD
fRHDZ -
AO-AT Instr.
Port 0 from PCL >_< In
Port 2 { P2.0-P2.7 or AB-A15 from DFH X AS=A15 fram PCH

MECTO0791

Data Memory Read Cycle
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- fWHLH -

BT S L
__ 4
WR
t /
= = Ty
=~ faw = == =
- fLLAXZ i
fovwn
F-A0-A7 from M XX AO-A7
Port0 )—]‘ o o DL Data OUT trom BCL >—< Instr.IN
QVWL
[
Part2 )]t P2.0-P2.7 or A8-A15 from DPH )( AB—A15 from PCH

MCTO009A

Data Memory Write Cycle
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
Variable clock

Frequ. = 3.5 MHz to 12 MHz

min max.
External Clock Drive
Oscillator period tcLeL 83.3 285 ns
Oscillator frequency lltc e |35 12 MHz
High time tcHex 20 - ns
Low time tcLex 20 - ns
Rise time tcLcH — 20 ns
Fall time tcHeL - 20 ns
AC Characteristics (cont'd)
Parameter Symbol Limit values Unit

Variable clock
Frequ. =1 MHz to 16 MHz

min max.
External Clock Drive
Oscillator period tcLcl 62.5 285 ns
Oscillator frequency litcicL |35 16 MHz
High time tcHex 25 - ns
Low time tcLex 25 - ns
Rise time tcLcH - 20 ns
Fall time tcHeL — 20 ns
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- iLCHC)( -~

0.45V 0.2Vpe=0.1V

f(‘\ ol MCTO0793

External Clock Cycle
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AC Characteristics (cont’d)

Parameter Symbol Limit values Unit
12 MHz clock Variable clock
1/t ¢ oL =3.5 MHz to 12 MHz
min. | max. min. max.
System Clock Timing
ALE to CLKOUT t, LsH 543 |- TteLcL—40 |- ns
CLKOUT high time tsHsL 127 - 2tc cL — 40 - ns
CLKOUT low time tsi sH 793 - 10tc o —40 |- ns
CLKOUT low to ALE tsLH 43 123 |tg oL — 40 to oL + 40 ns
high
AC Characteristics (cont'd)
Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1t o cL=3.5MHz to 16 MHz
min. | max. min. max.
System Clock Timing
ALE to CLKOUT t L sH 398 |- TteLeL —40 |- ns
CLKOUT high time tsHsL 85 - 2tc cL — 40 - ns
CLKOUT low time tsi sH 585 — 10tc o —40 |- ns
E_L}:‘OUT low to ALE tsi L 23 103 |tg oL — 40 to oL + 40 ns
19
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- fSLLH -

atia I

- fLLSH - fSHSL - - fLLSH -

CLKOUT \ / \

fSLSH

T\ T\

Frogramm Memory Access Data Memory Access

RD, WR \\ /
MCTOO794

System Clock Timing
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ROM Verification Characteristics
Tao=25C+5C;Vec =5V +10%; Vgg =0V

Parameter Symbol Limit values Unit

min max.

ROM Verification

Address to valid data tavov - 48 teLcL ns
ENABLE to valid data tELQV — 48 tc oL ns
Data float after ENABLE |tgpqz 0 48 tc oL ns
Oscillator frequency lltccL |4 6 MHz

r j C

P1.0-P1.7 /
P 0-P? 4 llr Address

f'_ A
Port 0 } Data OUT {

h y,

feLov Tz

[ [ —
P2.7
ENABLE MCDO0795

ROM Verification

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 qp/V o level occurs. | o/l g = +20 mA
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Recommended Oscillator Circuits

¢
| — u NG 2
I e
_r- 35-16 Wz 1
¢
I .
KTAL2 KTAL2
! 9 External Ostlafor 3
Signal
C = 30pF + 10pF CSOOTS6
(incl. sfray capacitance)
AC Testing
VCC —O.5V
0.2V, +0.9V
Test Points
0.2Vee—0.1V
0.45V =
MCADOBY7
AC Inputs during testing are driven at V o — 0.5 V for a logic 1 and 0.45 V for a logic '0". Timing
measurements are made at V |ymin for a logic "1’ and V || max for a logic '0’.

Input, Output Waveforms

oy F0.1V

Timing Reference \
Vo Foints
VLOGd _0.1x /

VDH _O.1V

Vo +0.1¥

MCAODBOE

Float Waveforms
SMD = Surface Mounted Device
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Package Outlines

Plastic Package, P-LCC-84 — SMD
(Plastic Leaded Chip-Carrier)

A4.1+0.4

0.5min
5max

o Tt =t T
127 | o 0.81max * * B 28,2405 ]

0.430.1 0
= oK} A —
25.4 - 30.35_gp5 —=
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ Mnnoooooonn GPLO5029
q | b
g p
i | b
g p
q ‘ p
q p
g p
g ‘ b
g p
i | b
d4 - - - ] b
g ‘ p
g . p
g ‘ p
q ! b
q p
q | b
g : p
g | P
g . p
| ut
uuuuuuuuu fﬁ{uuuuuuuuuu
84 1 Index Marking
1.1x45
e
-~ 294, — =

-~ 30.35 g5 ——=

1) Does not include plastic or metal protrusions of 0.15max per side

SMD = Surface Mounted Device Dimensions in mm

Plastic Package, P-MQFP-100- 2 — SMD
(Plastic Metric Rectangular-Flat-Package)

0.3+008

2
[$]0.12 MIA-BIDICl100x

232 +025 =[0.2]A-BID|50x
<l0.2/A-B[D[H]2x

Index Marking
2) Does not include dambar protrusion of 0.08 max. per side
1) Does not include plastic or metal protrusion of 0.25 max. per side

SMD = Surface Mounted Device Dimensions in mm
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High-Performance
8-Bit Single Chip Microcontroller SAB 80515/80535

Preliminary

SAB 80515 Microcontroller with factory mask-programmable ROM
SAB 80535 Microcontroller for external ROM

8 K x 8 ROM (SAB 80C515 only)

e 256 x 8 RAM

e Six 8-bit I1/0O ports, one 8-bit input port for analog signals
e Three 16-bit timer/counters

¢ Highly flexible reload, capture, compare capabilities

e Full-duplex serial channel

e Twelve interrupt vectors, four priority levels

e 8-bit A/D converter with 8 multiplexed inputs and programmable internal reference voltages
e 16-bit watchdog timer

e Vpp provides standby current for 40 bytes of RAM

e Boolean processo

e 256-bit-addressable locations

e Most instructions execute in 1 us (750 ns)

e 4 us (3 us) multiply and divide

e External memory expandable up to 128 Kbytes

e Backwardly compatible with SAB 8051

e Two temperature ranges available:
0to70°C
—40to 85°C  (T40/85)

The SAB 80515/80535 is a powerful member of the Siemens SAB 8051 family of 8-bit micro-
controllers. It is fabricated in + 5 V N-channel, silicon-gate Siemens MYMOS technology. The
SAB 80515/80535 is a stand-alone, high-performance single-chip microcontroller based on the
SAB 8051 architecture. While maintaining all the SAB 8051 operating characteristics, the SAB
80515/80535 incorporates several enhancements which significantly increase design flexibility
and overall system performance.

The SAB 80535 is identical with the SAB 80515 except that it lacks the on-chip program me-
mory. The SAB 80515/80535 is supplied in a 68-pin plastic leaded chip carrier package
(P-LCC-68).
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NS

SAB 80515/80535

SAB 8052/8032

I > RAM
WGtCthg 756 ¥ § I/O
1o U | 8-bi 1/
§-bit ADC 1 (8051-Core) | USART
T Port 2 1/0
Port 6 |Port 5| Port 4] —> ROM 8k x 8 Port 3 1/0
U @ MCED 1761
Andlog/ I/0 1,0
Digital
Input
Ordering Information
Type Ordering code |Package |Description
8-bit CMOS microcontroller
SAB 80515-N Q 67120-C211 |P-LCC-68 |with mask-programmable ROM
SAB 80535-N Q 67120-C241 |P-LCC-68 |for external memory
SAB 80515-N-T40/85 Q 67120-C210 |P-LCC-68 |with mask-programmable ROM
SAB 80535-N-40/85 Q 67120-C240 |P-LCC-68 |for external memory

Note: Extended temperature range — 40 to 110 °C on request
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VCC VSS
Port 0
XTALT (S
XTALZ ————
<::>Pm1
8-Bit
Vep
Vag Port 2
[
SAB
v Port 3
ol LCT S———
AGND 30535
Port 4
ot 6 (e
<:l> Port 5
§-Bit
EA ———»
——» ALE
RESET ———» ——»  PSEN
MCI 0076
Logic Symbol
Moo N o g oMo
< <t < o<t OLWLULLL LWL
[ I o T T T o T U o Y T o I s Y Y MY o MY o Y Y 5
OO0O0NO0O000000000000
/9 1 68 51 )
RESET 10 60 P5.7
£y
Vaer U P0.7
VAGND P0.6
AN7 FO.5
ANE PO.4
ANS P0.3
AN4 P0.2
i:; SAB 80515/80535 Egé
AN1 EA
ANO ALE
RXD/P3.0 PSEN
TxD/P3.1 P2.7
INTO/P3.2 P2.6
INT1/P3.3 P2.5
T0/P3.4 P2.4
T1/P3.5 26 44 0 P2.3
27 43
I
O en YN TG g aN o T
MY P o — — — — — TN g
[ i W e N o O o — = o [w i
S NS S S T > <
EEﬁSﬁFEﬂHF
oc=Ez=Zz=z=Z|=
A SCAN
= ERIRERS:
QOO

Pin Configuration
(P-LCC-68)
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Pin Definitions and Functions

Symbol Pin Input (1) Function
Output (O)
P4.0-P4.7 |1-3,5-9 |[I/O Port 4

is an 8-bit quasi-bidirectional I/O port .
Port 4 can sink/source 4 LS-TTL loads.

Vpp 4 I Power down supply. If Vpp is held within its specs while
Vcc drops below specs,Vpp Will provide standby power
to 40 byte of the internal RAM. WhenVpp, is low, the
RAM'’s current is drawn from Vgc.

RESET 10 I A low level on this pin for the duration of two machine
cycles while the oscillator is running resets the

SAB 80C515. A small internal pullup resistor permits
power-on reset using only a capacitor connected to

Vss
V AREF 11 Reference voltage for the A/D converter
VAGND 12 Reference ground for the A/D converter

AN7-ANO [13-20 Multiplexed analog inputs
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Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P3.0-P3.7 |21-28 I/O Port 3 is an 8-bit bidirectional I/O. It also contains the in-

terrupt, timer, serial port and external memory strobe
pins that are used by various options. The output latch
corresponding to a secondary function must be pro-
grammed to a one (1) for that function to operate. Port
3 can sink/source 4 LS-TTL loads.The secondary func-
tions are assigned to the pins of port 3, as follows:

— R x D (P3.0): serial port’s receiver data
input (asynchronous) or data
input/output (synchronous)

— T x D (P3.1): serial port’s transmitter data
output (asynchronous) or
clock output (synchronous)

— INTO(P3.2): interrupt O input/timer O gate
control input

— INT1(P3.3): interrupt 1 input/timer 1 gate
control input

— TO (P3.4): counter 0 input
— T1 (P3.5): counter 1 input

— WR(P3.6): the write control signal latches
the data byte from port O into
the external data memory

— RD (P3.7): the read control signal
enables the external data
memory to port 0
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Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P1.7-P1.0 |29 - 36 1/0 Port 1 is an 8-bit bidirectional I/O port .1t is used for the

low-order address byte during program verification. It
also contains the interrupt, timer, clock, capture and
compare pins that are used by various options. The out-
put latch must be programmed to a one (1) for that func-
tion to operate (except when used for the compare func-
tions). The secondary functions are assigned to the port
1 pins as follows:

— INT3/CCO (P1.0): interrupt 3 input /
compare 0 output /
capture 0 input

— INT4/CC1 (P1.1): interrupt 4 input /
compare 1 output /
capture 1 input

— INT5/CC2 (P1.2): interrupt 5 input /
compare 2 output /
capture 2 input

— INT6/CC3 (P1.3): interrupt 6 input /
compare 3 output /
capture 3 input

— INT2(P1.4): interrupt 2 input

— T2EX (P1.5): timer 2 external reload
trigger input

— CLKOUT (P1.6): system clock output
— T2 (P1.7): counter 2 input

Vg 37 Substrate pin. Must be connected to Vgg through a
capacitor (47 to 100 nF) for proper operation of the A/D
converter.

XTAL2 39 - XTAL2Z is the output from the oscillator's amplifier.Input

to the internal timing circuitry. A crystal, ceramic resona-
tor, or external source can be used.

XTAL1 40 - XTALL1 is the input to the oscillator’s high gain amplifier.
Required when a crystal or ceramic resonator is used.
Connect to Vgg When external source is used on
XTAL2.
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Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P2.0-P2.7 |41-48 1/0 Port 2 is an 8-bit quasi-bidirectional 1/0 port. It also

emits the high-order address byte when accessing ex-
ternal memory. Itis used for the high-order address and
the control signals during program verification. Port 2
can sink/source 4 LS-TTL loads.

PSEN 49 O 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 six oscil-
lator periods except during external data memory ac-
cesses. Remains high during internal program executi-
on.

ALE 50 O Provides address latch enable output used for latching
the address into external memory during normal opera-
tion. Itis activated every six oscillator periods except du-
ring an external data memory access.

EA 51 I When held ata TTL high level, the SAB 80515 executes
instructions from the internal ROM when the PC is less
than 8192. When held at a TTL low level, the SAB
80515 fetches all instructions from external program
memory. For the SAB 80535 this pin must be tied low.

P0.0-P0.7 |52-59 I/0 Port 0 is an 8-bit open-drain bidirectional 1/O port. It is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port O can sink/source

8 LS-TTL loads.

P5.7-P5.0 |60-67 I/0 Port 5 is an 8-bit quasi-bidirectional 1/0 port.
Port 5 can sink/source 4 LS-TTL loads.

Vee 68 POWER SUPPLY (+ 5 V power supply during normal
operation and program verification)

Vgs 38 GROUND (0 V)
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Functional Description

The architecture of the SAB 80515 is based on the SAB 8051 microcontroller family. The follo-
wing features of the SAB 80515 are fully compatible with the SAB 8051 features:

— Instruction set

— External memory expansion interface (port O and port 2)

— Full-duplex serial port

— Timer/counter 0 and 1

Alternate functions on port 3

The lower 128 bytes of internal RAM and the lower 4 Kbytes of internal ROM

The SAB 80515 additionally contains 128 bytes of internal RAM and 4 Kbytes of internal ROM,
which results in a total of 256 bytes of RAM and 8 Kbytes of ROM on chip. The

SAB 80515 has a new 16-bit timer/counter with a 2:1 prescaler, reload mode, compare and
capture capability. It also contains a 16-bit watchdog timer, an 8-bit A/D converter with pro-
grammable reference voltages, two additional quasi-bidirectional 8-bit ports, one 8-bit input
port for analog signals, and a programmable clock output (fogc/12).

Furthermore, the SAB 80515 has a powerful interrupt structure with 12 vectors and 4 pro-
grammable priority levels.

Figure 1 shows a block diagram of the SAB 80515.

CPU

The SAB 80515 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 execute in
1.0 ps.

Memory Organization

The SAB 80515 manipulates operands in the four memory address spaces described in the fol-
lowing. (Figure 2 illustrates the memory address spaces of the SAB 80515).
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Shared Address Location
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Figure 2
Memory Address Spaces
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Program memory

The SAB 80515 has 8 Kbyte of on-chip ROM, while the SAB 80535 has no internal ROM. The
program memory can be externally expanded up to 64 Kbytes. If the EA pin is held high, the
SAB 80515 executes out of internal ROM unless the address exceeds 1FFFH. Locations
2000H through OFFFFH are then fetched from the external program memory. If the EA pin is
held low, the SAB 80515 fetches all instructions from the external program memory. Since the
SAB 80535 has no internal ROM, pin EA must be tied low when using this component.

Data Memory

The data memory address space consists of an internal and an external memory space. The
internal data memory is divided into three physically separate and distinct blocks: the lower 128
bytes of RAM, the upper 128 bytes of RAM, and the 128-byte special function register (SFR)
area. While the upper 128 bytes of data memory and the SFR area share the same address
locations, they are accessed through different addressing modes. The lower 128 bytes of data
memory can be accessed through direct or register indirect addressing; the upper 128 bytes of
RAM can be accessed through register indirect addressing; the special function registers are
accessible through direct addressing.

Four 8-register banks, each bank consisting of eight 8-bit multi-purpose registers, occupy loca-
tions O through 1FH in the lower RAM area. The next 16 bytes, locations 20H through 2FH, con-
tain 128 directly addressable bit locations. The stack can be located anywhere in the internal
data memory address space, and the stack depth can be expanded up to 256 bytes.

The external data memory can be expanded up to 64 Kbytes and can be accessed by instruc-
tions that use a 16-bit or an 8-bit address.
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Special Function Registers

All registers, except the program counter and the four 8-register banks, reside in the special
function register area. The 41 special function registers (SFR’s) include arithmetic registers,
pointers, and registers that provide an interface between the CPU and the on-chip peripheral
functions. There are also 128 directly addressable bits within the SFR area. The special
function registers are listed in the following table:

In table 1 they are organized in numeric order of their addresses. In table 2 they are organized
in groups which refer to the functional blocks of the SAB 80515/80535.

Table 1

Special Function Register

Address Register Contents Address Register Contents
after Reset after Reset

80H PO OFFH 98H SCON Y OOH

81H SP 07H 99H SBUF XXXX XXXX B

82H DPL OOH 9AH reserved XXH 2

83H DPH OOH 9BH reserved XXH 2

84H reserved XXH 2 9CH reserved XXH 2

85H reserved XXH 2 9DH reserved XXH 2

86H reserved XXH 2 9EH reserved XXH 2

87H PCON 000X 0000B 2 [9FH reserved XXH 2

88H TCONY OOH AOH P29 OFFH

89H TMOD OOH AlH reserved XXH 2

8AH TLO OOH A2H reserved XXH 2

8BH TL1 OOH A3H reserved XXH 2

8CH THO OOH A4H reserved XXH 2

8DH TH1 OOH A5H reserved XXH 2

8EH reserved XXH 2 A6H reserved XXH 2

8FH reserved XXH 2 A7H reserved XXH 2

90H P1Y OFFH A8H IENO D OOH

91H reserved XXH 2 A9H IPO X000 0000B 2

92H reserved XXH 2 AAH reserved XXH 2

93H reserved XXH 2 ABH reserved XXH 2

94H reserved XXH 2 ACH reserved XXH 2

95H reserved XXH ? ADH reserved XXH 2

96H reserved XXH 2 AEH reserved XXH 2

97H reserved XXH 2 AFH reserved XXH 2

1) Bit-addressable Special Function Register
2) X means that the value is indeterminate and the location is reserved
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Table 1
Special Function Register (cont’d)
Address Register Contents Address Register Contents
after Reset after Reset
BOH pP3D OFFH DOH PSw b OOH
B1H reserved XXH?) D1H reserved XXH?
B2H reserved XXH?) D2H reserved XXH?
B3H reserved XXH?) D3H reserved XXH?)
B4H reserved XXH?) D4H reserved XXH 2
B5H reserved XXH?) D5H reserved XXH 2
B6H reserved XXH?) D6H reserved XXH?
B7H reserved XXH?) D7H reserved XXH 2
B8H IEN1 D OOH D8H ADCON 00X0 0000 B 2
B9H IP1 XX00 0000B2 |D9H ADDAT OOH
BAH reserved XXH 2) DAH DAPR OOH
BBH reserved XXH?2) DBH P6
BCH reserved XXH 2 DCH reserved XXH 2
BDH reserved XXH 2 DDH reserved XXH?)
BEH reserved XXH 2 DEH reserved XXH 2
BFH reserved XXH?2 DFH reserved XXH 2
COH IRCON D OOH EOH ACC 1 OOH
C1H CCEN OOH E1H reserved XXH 2
C2H CCL1 OOH E2H reserved XXH?2
C3H CCH1 O0H E3H reserved XXH 2
C4H CCL2 OOH E4H reserved XXH?2
C5H CCH2 OOH E5H reserved XXH 2
C6H CCL3 OOH E6H reserved XXH 2
C7H CCH3 O0H E7H reserved XXH 2
C8H T2CON D OOH E8H P41 OFFH
C9H reserved XXH? E9H reserved XXH 2
CAH CRCL O0OH EAH reserved XXH?
CBH CRCH OOH EBH reserved XXH?
CCH TL2 O0H ECH reserved XXH 2
CDH TH2 OOH EDH reserved XXH?
CEH reserved XXH 2 EEH reserved XXH 2
CFH reserved XXH 2 EFH reserved XXH 2

1) Bit-addressable Special Function Register
2) X means that the value is indeterminate and the location is reserved
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Table 1
Special Function Register (cont’d)
Address Register Contents Address Register Contents
after Reset after Reset
FOH BY OOH F8H P5 1 OFFH
F1H reserved XXH? FOH reserved XXH?2
F2H reserved XXH? FAH reserved XXH?2
F3H reserved XXH? FBH reserved XXH?2
F4H reserved XXH? FCH reserved XXH?2
F5H reserved XXH?2 FDH reserved XXH 2
F6H reserved XXH?2 FEH reserved XXH 2
F7H reserved XXH? FFH reserved XXH 2

1 Bit-addressable Special Function Register
2) X means that the value is indeterminate and the location is reserved
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Table 2
Special Function Registers - Functional Blocks
Block Symbol Name Address Contents
after Reset
CPU ACC Accumululator OEOH V O0H
B B-Register OFOH Y OOH
DPH Data Pointer, High Byte 083H OOH
DPL Data Pointer, Low Byte 082H OOH
PSW Program Status Word Register ODOH Y OOH
SP Stack Pointer 081H 07H
A/D- ADCON 2 |A/D Converter Control Register OD8HY 00X0 0000 B®
Converter ADDAT A/D Converter Data Register 09DH OOH
DAPR A/D Converter Program Register ODAH 00H)
Interrupt IENO 2 Interrupt Enable Register 0 0A8HY O0H
System IEN1? Interrupt Enable Register 1 OB8HY OOH
IPO 2 Interrupt Priority Register 0 0A9H X000 0000 B®
IP1 Interrupt Priority Register 1 O0B9H XX00 0000 B?
IRCON Interrupt Request Control Register |0COH Y OOH
TCON 2 | Timer Control Register 88H D O0H
T2CON 2 | Timer 2 Control Register 0C8H1 O0H
Compare/ CCEN Comp./Capture Enable Reg. 0C1H OOH
Capture- CCH1 Comp./Capture Reg. 1, High Byte |0C3H OOH
Unit CCH2 Comp./Capture Reg. 2, High Byte |0C5H OOH
Compare/ CCH3 Comp./Capture Reg. 3, High Byte |0C7H OOH
Capture- CCL1 Comp./Capture Reg. 1, Low Byte |0C2H OOH
Unit CCL2 Comp./Capture Reg. 2. Low Byte |0C4H OOH
(CCU) CCL3 Comp./Capture Reg. 3, Low Byte |0C6H OOH
(cont’d) CRCH Com./Rel./Capt. Reg. High Byte 0CBH OOH
(CCU) CRCL Com./Rel./Capt. Reg. Low Byte OCAH OOH
TH2 Timer 2, High Byte OCDH OOH
TL2 Timer 2, Low Byte OCCH OOH
T2CON ? | Timer 2 Control Register Y 0C8H v O0H

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 indeterminate
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Table 2
Special Function Registers- Functional Blocks (cont'd)
Block Symbol Name Address Contents
after Reset
Ports PO Port 0 80H D OFFH
P1 Port 1 90H Y OFFH
P2 Port 2 OAOH b OFFH
P3 Port 3 OBOH b OFFH
P4 Port 4 OE8H D OFFH
P5 Port 5 OF8H D OFFH
P6 Port 6, Analog/Digital Input 0DBH
Pow. Sav. PCON? |Power Control Register 087H 000X 0000 B 2
Modes
Serial ADCON 2 |A/D Converter Control Reg. OD8H D 00X0 0000 B ®
Channels PCON?2 |Power Control Register 087H 000X 0000 B
SBUF Serial Channel Buffer Reg. 099H XXXX XXXX B2
SCON Serial Channel Control Reg. 098H D) OOH
Timer 0/ TCON?2 |Timer Control Register 088HY O0H
Timer 1 THO Timer 0. High Byte 08CH OOH
TH1 Timer 1, High Byte 08DH OOH
TLO Timer O, Low Byte 08AH OOH
TL1 Timer 1, Low Byte 08BH OOH
TMOD Timer Mode Register 089H OOH
Watchdog [IENO? Interrupt Enable Register 0 0A8H D 00H
IEN1 2 Interrupt Enable Register 1 OB8H D 00H
IPO 2 Interrupt Priority Register O 0A9H X000 0000 B ¥

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 indeterminate and the location is reserved
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Serial Port

The serial port of the SAB 80515 enables full duplex communication between microcontrollers
or between microcontroller and peripheral devices. The serial port can operate in 4 modes:

Mode 0: Shift register mode. Serial data enters and exits through RxD. TxD outputs the
shift clock. 8 bits are transmitted/received: 8 data bits (LSB first). The baud rate
is fixed at 1/12 of the oscillator frequency.

Mode 1. 10 bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), and a stop bit (1). The baud rate is variable.

Mode 2: 11 bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). The baud
rate is programmable to either 1/32 or 1/64 of the oscillator frequency.

Mode 3: 11 bits are transmitted (through TxD) or received (through RxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). Mode 3
is identical to mode 2 except for the baud rate. The baud rate in mode 3 is
variable.

The variable baud rates in modes 1 and 3 can be generated by timer 1 or an internal baud rate
generator.

A/D Converter

The 8-bit A/D converter of the SAB 80515 has eight multiplexed analog inputs (Port 6) and uses
the successive approximation method.

It takes 5 machine cycles to sample an analog signal (during this sample time the input signal
should be held constant); the total conversion time (including sample time) is 15 machine cy-
cles (15 us at 12 MHz oscillator frequency). Conversion can be programmed to be single or
continuous; at the end of a conversion an interrupt can be generated.

A unique feature is the capability of internal reference voltage programming. The internal refe-
rence voltages Vniarer and Viniagnp for the A/D converter both are programmable to one of
16 steps with respect to the external reference voltages. This feature permits a conversion with
a smaller internal reference voltage range to gain a higher resolution. In addition, the internal
reference voltages can easily be adapted by software to the desired analog input voltage range.

Figure 3 shows a block diagram of the A/D converter.
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Block Diagram of the A/D Converter
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Timer/Counters

The SAB 80515 contains three 16-bit timer/counters which are useful in many applications for
timing and counting. The input clock for each timer/counter is 1/12 of the oscillator frequency
in the timer operation or can be taken from an external clock source for the counter operation
(maximum count rate is 1/24 of the oscillator frequency).

— Timer/counter O and 1

These timer/counters can operate in four modes:
Mode 0: 8-bit timer/counter with 32:1 prescaler
Mode 1. 16-bit timer/counter

Mode 2: 8-bit timer/counter with 8-bit auto-reload

Mode 3: Timer/counter O is configured as one 8-bit timer/counter and one 8-bit timer;
timer/counter 1 in this mode holds its count.

External inputs INTO and INT1 can be programmed to function as a gate for timer/counters O
and 1 to facilitate pulse width measurements.

— Timer/counter 2

Timer/counter 2 of the SAB 80515 is a 16-bit timer/counter with several additional features. It
offers a 2:1 prescaler, a selectable gate function, and compare, capture and reload functions.
Corresponding to the 16-bit timer register there are four 16-bit capture/compare registers, one
of them can be used to perform a 16-bit reload on a timer overflow or external event. Each of
these registers corresponds to a pin of port 1 for capture input/compare output.

Figure 4 shows a block diagram of the timer/counter 2.

Reload

A 16-bit reload can be performed with the 16-bit CRC register, which is a concatenation of the
8-bit registers CRCL and CRCH. There are two modes from which to select:

Mode O: Reload is caused by a timer 2 overflow (auto-reload).

Mode 1. Reload is caused in response to a negative transition at pin T2EX (P1.5),
which can also request an interrupt.

Capture

This feature permits saving the actual timer/counter contents into a selected register upon an
external event or a software write operation. Two modes are provided to latch the current 16-
bit value in timer 2 registers into a dedicated capture register:

Mode O0: Capture is performed in response to a transition at the corresponding port
1 pins CCO to CCa3.

Mode 1: Write operation into the low-order byte of the dedicated capture register
causes the timer 2 contents to be latched into this register.
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Compare

In the compare mode, the 16-bit values stored in the dedicated compare registers are compa-
red to the contents of the timer 2 registers. If the count value in the timer 2 registers matches
one of the stored values, an appropriate output signal is generated and an interrupt is reque-
sted. Two compare modes are provided:

Mode 0: Upon a match the output signal changes from low to high. It goes back to a low
level when timer 2 overflows.

Mode 1: The transition of the output signal can be determined by software.
A timer 2 overflow causes no output change.

Semiconductor Group 20



SIEMENS SAB 80515/80535

P15/T2EX » Sync. « 0
EXEN?
P17/T2  —»| Sync.
"| Reload | L»| EXF2 il
21 Interrupt
Request
FOSC/12 % . j
+2 | F TL2 THZ » TFZ
S
-
Compare Y
- >
— R
_b
g
% <« P1.0/INT3
16-Bit 16—Eit 16-Bit 16-Bit = P
Comparator| Comparator | Comparator Comparator = P1.1/INT4/CC1
AN £ |e» P1.2/INT5/CCH
=]
= |e—» P1.3/INTE/CC3
s
v | v |1 K |‘L [ |“L Capture |
CCL3/CCH3 CCL2/CCH2 CCL1/CCHI CRCL/CRCH
MCBOGO79
Figure 4

Block Diagram of Timer/Counter 2
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Interrupt Structure

The SAB 80515 has 12 interrupt vectors with the following vector addresses and request flags:

Table 3

Interrupt Sources and Vectors

Source (Request Flags) Vector Address Vector

IEO 0003H External interrupt O
TFO 000BH Timer O interrupt
IE1 0013H External interrupt 1
TF1 001BH Timer 1 interrupt
RI + TI 0023H Serial port interrupt
TF2 + EXF2 002BH Timer 2 interrupt
IADC 0043H A/D converter interrupt
IEX2 004BH External interrupt 2
IEX3 0053H External interrupt 3
IEX4 005BH External interrupt 4
IEX5 0063H External interrupt 5
IEX6 006BH External interrupt 6

Each interrupt vector can be individually enabled/disabled. The minimum response time to an
interrupt request is more than 3 machine cycles and less than 9 machine cycles.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a low-level or a negative transition (selectable)

at their corresponding input pin, external interrupts 2 and 3 can be programmed for triggering

on a negative or a positive transition. The external interrupts 3 to 6 are combined with the cor-
responding alternate functions compare (output) and capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs. Each pair can
be programmed individually to one of four priority levels by setting or clearing one bit in the spe-
cial function register IPO and one in IP1. Figure 6 shows the priority level structure.
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I/0 Ports

The SAB 80515 has six 8-bit I/O ports and one 8-bit input port. Port O is an open-drain bidirec-
tional I/O port, while ports 1 to 5 are quasi-bidirectional I/O ports with internal pull-up resistors.
That means, when configured as inputs, ports 1 to 5 will be pulled high and will source current
when externally pulled low. Port O will float when configured as input.

Port 0 and port 2 can be used to expand the program and data memory externally. During an
access to external memory, port 0 emits the low-order address byte and reads/writes the data
byte, while port 2 emits the high-order address byte. In this function, port 0 is not an open-drain
port, but uses a strong internal pullup FET.

Ports 1 and 3 are provided for several alternate functions, as listed below:

Port |[Symbol |Function

P1.0 |[INT3/CCO |External interrupt 3 input, compare 0 output, capture 0 input

P1.1 |INT4/CC1 |External interrupt 4 input, compare 1 output, capture 1 input

P1.2 |INT5/CC2 |External interrupt 5 input, compare 2 output, capture 2 input

P1.3 |INT6/CC3 |External interrupt 6 input, compare 3 output, capture 3 input

P1.4 |INT2 External interrupt 2 input

P15 |T2EX Timer 2 external reload trigger input

P1.6 |CLKOUT |System clock output

P17 |T2 Timer 2 external counter input

P3.0 |RXD Serial port’s receiver data input (asynchronous) or data input/output
(synchronous)

P3.1 |TXD Serial port’s transmitter data output (asynchronous) or clock output
(synchronous)

P3.2 [INTO External interrupt O input, timer 0 gate control

P3.3 [INT1 External interrupt 1 input, timer 1 gate control

P3.4 |TO Timer O external counter input

P35 |T1 Timer 1 external counter input

P3.6 |WR External data memory write strobe

P3.7 |RD External data memory read strobe

The input port ANO-AN7 is used for analog input signals to the A/D converter.
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Watchdog Timer

This feature is provided as a means of graceful recovery from a software upset. After an exter-
nal reset, the watchdog timer is cleared and stopped. It can be started and cleared by software,
but it cannot be stopped. If the software fails to clear the watchdog timer at least every 65532
machine cycles (about 65 ms if a 12 MHz oscillator frequency is used), an internal hardware
reset will be initiated.

The reset cause (external reset or reset caused by the watchdog) can be examined by soft-
ware. To clear the watchdog, two bits in two different special function registers must be set by
two consecutive instructions (bits IENO0.6 and IEN1.6). This is done to prevent the watchdog
from being cleared by unexpected opcodes.

Instruction Set Summary

The SAB 80515/80535 has the same instruction set as the industry standard 8051
microcontroller.

A pocket guide is available which contains the complete instruction set in functional and
hexadecimal order. Furtheron it provides helpful information about Special Function Registers,
Interrupt Vectors and Assembler Directives.

Literature Information

Title Ordering No.
Microcontroller Family SAB 8051 Pocket Guide B158-B6599 - X - X - 7600

Semiconductor Group 26



SIEMENS SAB 80515/80535

Absolute Maximum Ratings
Ambient temperature under bias

SAB 80515/80535 ... ciiiiieeiiiiiiiie e 0to 70 °C
SAB 80515/80535-TAO/B5......ccoiiiiiciiiiiiiitiiie ettt —40t0 85 °C
StOrage tEMPEIALUIE .......iiiii et e e e e e e r e e e aaa e e eaanes — 6510150 °C
Voltage on any pins with respect to ground (Vgg) . vvveeeeerrmmreeeiiiiiiieeee e -05Vto7V
oA o [ 7S] 0 = 11 0] o PP 2W

Note Stresses above those listed under "Absolute Maximum Ratings" may cause permanent
damage of the device. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

DC Characteristics

VCCZSVi].O%; VSS:OV
Tpo= 0to70 °C forthe SAB 80515/80535
Tpo=—40t0 85 °C for the SAB 80515/80535-T40/85
Tpo=-4010110 °C for the SAB 80515/80535-T40/110

Parameter Symbol Limit values Unit |Test condition
min. max.

Input low voltage VL -0.5 0.8 \Y —

Input high voltage ) ViH 2.0 Vee — \ -

(except RESET, XTAL2 0.5

Input high voltage to XTAL2 Vi1 2.5 Vee + \ XTAL1 to Vgg
0.5

Input high voltage to RESET ViH2 3.0 — \ —

Power down voltage Vep 3 5.5 \Y Vee=0V

Output low voltage VoL - 0.45 \% loL = 1.6 mAY

ports 1, 2, 3,4,5

Output low voltage VoL1 - 0.45 \% lo.=3.2mA%Y

port 0, ALE, PSEN

Output high voltage VoH 2.4 - Vv loy=—80 pA

ports 1, 2, 3,4,5

Output high voltage VoH1 2.4 — \Y loy =—400 pA

port O, ALE, PSEN

D Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo, of ALE
and ports 1,3,4,5. The noise is due to external bus capacitance discharging into the port 0 and port 2 pins
when these pins make 1-0 transitions during bus operation.
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SIEMENS

SAB 80515/80535

DC Characteristics (cont’d)

Parameter Symbol Limit values Unit |Test condition
min. max.

Logic O input current I - — 800 pA |V, =045V

ports 1, 2, 3,4,5

Logic O input current 2 - -25 mA | XTAL1 = Vgg

XTAL2 V) =0.45V

Input low current to RESET I3 - — 500 pA 1V =045V

for reset

Input leakage current to [ - + 10 HA |0V <V|N<Vcce

port 0, EA ANO - AN7

Power supply current?

SAB 80515/80535 lce - 210 mA |all outputs

SAB 80515/80535-T40/85 lcc - 230 mA |disconnected

SAB 80515/80535-T40/110 lcc - 230 mA

Power-down current lpD - 3 mA |Vec=0V

Capacitance of 1/0O buffer Co - 10 pF  |fc=1 MHz

D Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo, of ALE
and ports 1,3,4,5. The noise is due to external bus capacitance discharging into the port O and port 2 pins

when these pins make 1-0 transitions during bus operation.
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SIEMENS

SAB 80515/80535

A/D Converter Characteristics

VCC =5V +10 %; VSS =0V; VAREF = VCC + 5 0p; VAGND = VSS +0.2V;
To=0to + 70 °C for SAB 80515/80535
Tp =—40to + 85 °C for SAB 80515/80535 - T40/85

VintaRer — Vintacnp 21V

Parameter Symbol Limit values Unit |Test condition
min. typ. |max.
Analog input VOItage VA|NPUT VAGND- — VAREF+ V —
0.2 0.2
Analog input capacitance |C, - 25 - pF D
Load time t. — — 2 lcy pS -
Sample time ts — — 5 tcy pS -
(incl. load time)
Conversion time tc — — 13ty |MS -
(including sample time)
Differential non-linearity |DNLE - +1/2 |x1 LSB  |VintaAREE =
Integral non-linearity INLE +1/2 |x1 LSB | Vagrer = Vee
Offset error +1/2 |x1 LSB |y -
Gain error +1/2 |1 LSB VlmAG'\P vV
Total unadjusted error TUE +1 (%2 LSB Z)AGND - 'SS
VAREE SUpPly current | ReE — — 5 mA 2)
Internal reference error  |VinREEER - 5 + 30 mV 2)

1) The internal resistance of the analog source must be low enough to assure full loading of the sample capaci-
tance (C,)during load time (t|) . After charging of the internal capacitance (C; ) in the load time (t|) the analog
input must be held constant for the rest of the sample time (tg).

2) The differential impedance rp, of the analog reference voltage source must be less than 1 kQ at reference

supply voltage.
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SIEMENS SAB 80515/80535

AC Characteristics

Ve =5V +10 %; Vgg=0V; (C for port 0, ALE and PSEN outputs = 100 pF;

C for all other outputs = 80 pF) T =0 to + 70 °C; for SAB 80515/80535
Ta=-40to + 85 °C; for SAB 80515/80535 - 40/85

Parameter Symbol Limit values Unit
12 MHz clock Variable clock
1/t CLCL = 1.2MHzto 12 MHz
min max. min. max.
Program Memory Characteristics
CyCle Time tCY 1000 - 12 tC LCL - ns
ALE pulse width tLHLL 127 - 2tcicL—40 |- ns
Address setup to ALE tavLL 53 — tcLcL —30 — ns
Address hold after ALE tLLAXl 48 - tC LCL — 35 - ns
ALE to valid tLL|V - 233 - 4 tC LCL — 100 ns
instruction in
ALE to PSEN tLLPL 58 - tC LCL — 25 - ns
PSEN pU'Se width tPLPH 215 3 tC LCL — 35 - ns
PSEN to valid tPL|V - 150 - 3 tC LCL =100 ns
instruction in
Input instruction hold tpxix 0 - 0 - ns
after PSEN
Input instruction float tpxz — 63 - tcLcL — 20 ns
after PSEN
Address valid after tpxay? |75 - tcLcL—8 - ns
PSEN
Address to valid taviv — 302 - S5tcicL-115 |ns
instruction in
Address float to PSEN  |ta zp. 0 - 0 - ns

) Interfacing the SAB 805156 to devices with float times up to 75 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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SAB 80515/80535

SIEMENS

Parameter Symbol Limit values Unit

12 MHz clock Variable clock

1/t ¢ el = 1.2 MHzto 12 MHz

min max. min. max.
External Data Memory Characteristics
RD pulse width tRLRH 400 |- 6 tccL— 100 |- ns
WR pulse width twwn 1400 |- 6tcLcL—-100 |- ns
Address hold after ALE |t ax2 132 - 2tcLcL-35 - ns
RD to valid data in trLDV - 252 |- 5tcLcL— 165 |ns
DATA hold after RD tRHDX 0 - 0 ns
Data float after RD tRHDZ - 97 - 2tcicL—70 |ns
ALE to valid data in tpv — 517 - 8tcLcL— 150 |ns
Address to valid data in  |ta/py — 585 - 9thcLcL — 165 |ns
ALE to WR or RD t WL 200 |300 |[3tc =50 |3t el +50 |ns
Addressto WRorRD [t aywL 203 |- 4cLcL—130 |- ns
WR or RD high to tWHLH 43 123 |to - 40 tc oL + 40 ns
ALE high
Data valid to WR tovwx 33 - te oL — 50 - ns
transition
Data setup before WR  [toywn 433 |- 7toicL - 150 |- ns
Data hold after WR twhox |33 - teLcL — 50 - ns
Address float after RD [ty a7 - 0 - 0 ns
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SIEMENS SAB 80515/80535

Waveforms

foy
t . iy —
rea— g —e—t-— Ty
1 fue
ALE / \ Ny, \
ooy
PSEN / St 1[—\—/—
— o
LLAX1
Fouy Focr | Pexa=—
—— -
i~ fazpL fﬂ»
r r \ S
PORT 0 Insfr.\NH A7=A0 Insfr.\N)— A7=A0 )—( Instr.IN )—
. t "\
?

AVIV

Address - -
PORT 2 o SFR=pP? Xr Address A15-A8 Xr Address A15-A8 X

MCTO0021

Program Memory Read Cycle

WHLH

LLDV

Y a
_/

PSEN
fwe FeLrH
? \
k /
foet—7
f LLszﬂ f Farnz
AVWL | RLDY [
r AWAW.| 4 X \
PORT 0 H AT-AO §(>< » ( Data IN
o ¥, \/ b 1
Thuaz
-

Address -
PORT 2, SFR—P2 Xt Address A15-A8 or SFR-P2

MCT00077
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SIEMENS SAB 80515/80535

fWHLH

VA /7

LLwL P
" /
\
! av  avwx
L ey o ;

LLAX2Z WHQX

r \ / \
PORT 0 H AT—AD z Data OUT E(
\. A\ 7

Address -
PORT 2 . SFR—p2 Xr Address A15-A8 or SFR-P2 X

MCT00023

Data Memory Read Cycle

c
[ 404 yTaLt 40 xTALt
11 +5V
_,_—4 1.2-12 MHZ — 47 kO
- 39 1 39
-] XTAL2 o1 " b XTAL2
7404
74LS04
C = 30pF +10pF HES00081
Crystal Oscillator Mode Driving from External Source

Recommended Oscillator Circuits
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SIEMENS SAB 80515/80535

AC Characteristics (cont'd)

Parameter Symbol Limit values Unit

Variable clock
Frequ.=1.2 MHz to 12 MHz

min. max.

External Clock Drive XTAL2

Oscillator period tcLeL 83.3 833.3 ns
High time tcHeX 20 tcLel - teLex ns
Low time toLox 20 teLeL - teHex ns
Rise time tcLcH - 20 ns
Fall time tcHeL - 20 ns
Oscillator period tcLeL 83.3 833.3 ns

fCLCH fCHCL

— forex ™ .
2.5 2.5 2.5
N 0.8 0.8 N

MCT0002<

fCLCX

rCLCL

External Clock Cycle
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SIEMENS

SAB 80515/80535

2.4V 2.4V
2.0V 2.0V
Test Points
0.45Y g.8v 0.8V 0.45V
[ Float |
2.4V 2.4V
2.0V 2.0V
0.45V 0.8V 0-8¥ 0.45V
MCADO024
A.C. testing inputs are driven at 2.4 V for a logic "1" and at 0.45 V for a logic "0".
Timing measurements are made at 2.0 V for a logic "1" and at 0.8 V for a logic "0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA
or sources 400 pA at the voltage test levels.

A.C. Testing Input, Output, Float Waveforms
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SIEMENS SAB 80515/80535

AC Characteristics (cont’d)

Parameter Symbol Limit values Unit

12 MHz clock Variable clock

1/t ¢ oL = 1.2 MHz to 12 MHz

min. | max. min. max.
System Clock Timing
ALE to CLKOUT t, LsH 543 |- TtolcL—40 |- ns
CLKOUT high time tsHsL 127 - 2tcLcL—40 |- ns
CLKOUT low time tsi sH 793 - 10 tc o —40 |- ns
EL};OUT low to ALE tsLH 43 123 |tg oL — 40 to oL + 40 ns

9

fSLLH
e

—_—

fLLSH fSHSL : fLLSH

CLK OUT /l_\‘ / \

fSLSH

\ -

Program Memory Access Data Memory Access MCTO0083

System Clock Timing
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SIEMENS SAB 80515/80535

ROM Verification Characteristics
Tao=25°C+5°C;Vc =5V £10%; Vgg =0V

Parameter Symbol Limit values Unit

min max.

ROM Verification

Address to valid data tavov - 48 toLcLr ns
ENABLE to valid data teLov - 48 tc oL ns
Data float after ENABLE |tgqoz 0 48 tcicL1 ns
Oscillator frequency lltccL |4 6 MHz

/
Port1,2 —‘ Address )—C
\

Portd { " Data oUT )
fELQV fEHQZ
resi—— e ———
P2.7
ENABLE MCDO0C49
Address: P1.0-P1.7=A0-A7 Inputs: P2.5-P2.6, PSEN=Y
P2.0-P2.4=A8-A12 ALE, EA= ¥y,
Date:  Port 0 =D0-D7 RESET = ¥,

Address: P1.0-P1.7 = AO0-A7
P2.0-P2.4 = A8-Al2

Data: Port O = D0-D7

Inputs: P2.5-P_2.6, PSEN = Vss
ALE, EA =VIH
RESET =V|L

ROM Verification
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