SAB 80512/80532

8-Bit Single-Chip Microcontroller

SAB 80512
SAB 80532

Microcontroller with factory-mask programmable ROM
Microcontroller for external ROM

SAB 80512-T40/85 Extended temperature range: —40°C to +85°C
SAB 80532-T40/85 Extended temperature range: —40°C to +85°C

e 4K X 8 ROM (SAB 80512 only)
e 128 x 8 RAM

e Backwardly Compatible with SAB 8051A/
8031A

e Seven 8-Bit Ports
e Two 16-Bit Timers/Event Counters

e High-Performance Full Duplex Serial
Channel with Own Baud Rate Generator

e 8-Bit A/D Converter with Eight Multiplexed
Inputs, Reference Voltages Externally
Adjustable

e Six Interrupt Sources (2 External,
4 Internal), Two Priority Levels
Programmable

e Boolean Processor

o 1 us Instruction Cycle Time
(at 12 MHz Osc. Frequency)

® 4 us Multiply and Divide
(at 12 MHz Osc. Frequency)

e External Program and Data Memory
Expandable up to 64 Kbyte Each

® PLCC 68 Package

Pin Configuration

80512/80532

P3.0/RxD ] 21
p3.1/T0 8] 22
P3.2/iINTOT]23
PA3/INTIT] 24
p3.4/100] 25
P3.5/11C) 28
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SAB 80512/80532

The SAB 80512/80532 is a new member of the Sie-
mens SAB 8051 family of B-bit microcontrollers.
Maintaining all features of the SAB 8051A/8031A, it
is fully backwardly compatible with the SAB 8051A/
8031A. Furthermore the SAB 80512/80532 incorpo-
rates several enhancements that significantly in-
crease design flexibility and cost effectiveness. In
addition to the SAB B8051A/8031A the SAB
80512/80532 contains an 8-bit A/D converter with 8
multiplexed inputs (these inputs can also be used as

digital inputs), an own baud rate generator for the
serial interface and two more |/O ports. The SAB
80532 is identical with the SAB 80512, except that it
lacks the on-chip ROM.

The SAB 80512/80532 is fabricated in +5V ad-
vanced N-channel, silicon gate MYMOS technology
of Siemens and supplied in a PLCC 68 package. For
the industrial temperature range —40°C to +85°C,
the SAB 80512/80532-T40/85 is available.

Pin Definitions and Functions

Pin

Symbol

Input ()
Output (O)

Function

1-3,5-9

P4.0-P4.7

70

Port 4 is an B-bit quasi-bidirectional 1/0 port with internal pullup
resistors. Port 4 pins that have 1s 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 (I, on
the DC characteristics) because of the internal pullup resistors.

Vep

Power down supply voltage. If Vpp is held within its specifications while
Ve drops below the specification, Vpp will provide standby power to
40 byte of internal RAM (addr. 58H to 7FH). During normal operation of
the SAB 80512, the'RAM's current is supplied by Vg, when Vpp is
low.

10

A low level on this pin for the duration of two machine cycles while the
oscillator is running resets the SAB 80512. A small internal pullup
resistor permits power-on reset using only a capacitor connected to
Vss.

11

VAREF

Reference voltage for the A/D converter.

12

VAGND

Reference ground for the A/D converter.

13-20

P6.7~-P6.0

Port 6, B-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 eight multiplexed analog inputs of the A/D converter,
simultaneously.

21-28

P3.0-P3.7

/O

Port 3 is an 8-bit bidirectional 1/0 port with internal pullup resistors.
Port 3 pins that have 1s 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;_, on the DC
characteristics) because of the internal pullup resistors. Ht also
contains the interrupt, timer, serial port and external memory strobe
pins that are used by various options. The output latch corresponding
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SAB 80512/80532

Pin Definitions and Functions (Continued)

Pin Symbol

input ()
Output (0)

Function

21-28 | P3.0-P3.7

170

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 0 input/timer 0 gate control input

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

—T0 (P3.4): counter 0 input

—T1 (P3.5): counter 1 input

—WR (P3.6): the write control signal latches the data byte from port 0
into the external data memory

—RD (P3.7): the read control signal enables the external data memory
to port 0

29-36 | P1.7-P1.0

170

Port 1 is an 8-bit bidirectional 170 port with internal pullup resistors.
Port 1 pins that have 1s 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, on the DC
characteristics) because of the internal pullup resistors. The port is
also used for the low order address byte during program verification.

37 Vgg

Substrate pin. Must be connected to Vgg with a capacitor (47 nF to
100 nF) for proper operation of the A/D converter.

39 XTAL2
40 XTAL1

XTAL2

Output of the inverting oscillator amplifier. To drive the device from an
external clock source, XTAL2 should be driven, while XTAL1 is pulled
low. 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
specified in the AC characteristics must be observed:

XTAL1

Input to the inverting oscillator amplifier. Required when a crystal or
ceramic resonator is used.

41-48 | P2.0-P2.7

170

Port 2 is an 8-bit bidirectional /O port with internal pullup resistors.
Port 2 pins that have 1s 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, on the DG
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 1s. During accesses to external
data memory that use 8-bit addresses (MOVX@RI), port 2 issues the
contents of the P2 special function register.

49 PSEN

The program store enable output is a control signal that enables the
external program memory to the bus during external fetch operations.
Itis activated every six oscillator periods except during external data
memory accesses. Remains high during internal program execution.

50 ALE

e

Provides address latch enable output used for latching the address
into external memory during normal operation. It is activated every six
oscitlator periods except during an external data memory access.

ic; Siemens Components, Inc.
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SAB 80512/80532

Pin Definitions and Functions (Continued)

Pin

Symbol

Input ()
Output (O)

Function

51

EA

When held at a TTL high level, the SAB 80512 executes instructions
from the internal ROM when the PC is less than 4096. When held at a
TTL low level, the SAB 80512 fetches all instructions from external
program memory. For the SAB 80532 this pin must be tied fow.

52-59

P0.0-P0.7

170

Port 0 is an 8-bit open drain bidirectional 1/Q port. Port 0 pins that have
1s 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 1s. Port 0 also
outputs the code bytes during program verification. Externat pullup
resistors are required during program verification.

60-67

P5.7-P5.0

Port 5 is an 8-bit bidirectional I/0 Port with internal pullup resistors.
Port 5 pins that have 1s written to them are pulled high by the internal
pullup registers, and in that state can be used as inputs. As inputs Port
5 pins being externally pulied low wilt source current (I, on the DC
Characteristics) because of the internal pullup resistors.

68

Vee

Supply voltage during normal operation and program verification.

38

Vss

Ground (OV) |
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SAB 80512/80532

Functional Description

The SAB 80512/80532 is based on the architecture
of the SAB 8051 microcontroller family. The SAB
80512 includes all features of the SAB 8051 and
additionally offers peripheral extensions in three
items:

— bit A/D converter with adjustable reference volt-
ages

— two more ports
— dedicated baud rate generator

Different to the SAB 8051 is the inverted reset-input
and the RAM power-down supply by a special pin
(Vep), which supplies 40 byte with a typical current
of 2 mA. Beside the upward compatibilty to the SAB
8051 (all SAB 8051 software runs on the SAB 80512
without any changes) the SAB 80512 is also down-
ward compatible to the SAB 80515. The SAB 80512
is packed into the PLCC 68 package and has the
same pinning as the SAB 80515.

A/D Converter

The 8-bit A/D converter of the SAB 80512 has 8
multiplexed analog inputs and is using the succes-
sive approximation method. The sampling of an ana-
log signal takes 5 machine cycles, the total conver-
sion time is 15 machine cycles (15 us at 12 MHz
oscillator frequency). Conversion can be pro-
grammed to be single or continuous, at the end of a
conversion an interrupt can be generated. The SAB
80512 provides variable external reference voltages
VagND and Varper adjustable in a wide range. A
compressed reference voltage range allows to in-
crease the resolution of the converted analog input.

The lower reference voltage (VagnD) can be varied
within Vgg — 0.2V and 4V, the higher (Vaggr) within
1V and Vg +5%. For proper operation of the A/D
converter a minimum of 1V difference is required be-
tween the external voltages:

(Vss — 0~2V)! VAGND = (VAR — 1V)
(VagnD + 1V) < Vager < (Voo + 5%)

Special Function Register

All registers, except the program counter and the
four 8-register banks, reside in the special function
register area. The 28 special function registers
(SFRs) include arithmetic registers, pointers, and
registers that provide an intertace between the CPU
and the on-chip peripheral functions. There are also
128 directly addressable bits within the SFR area.

1/0 Ports

The SAB 80512 has six 8-bit 170 ports and one 8-bit
input port. Port 0 is an open-drain bidirectional 1/0
port, while ports 1 to 5 are quasi-bidirectional 1/0
ports with internal pullups. That means, when config-
ured as inputs, ports 1 to 5 will pull high and will
source current when externally pulled low. Port 0 wili
float when configured as input. Port 6 is an input port
only and can be used as digital input port, if the val-
ues meet the specified high/low voltages and as an-
alog input for the A/D-converter.

Port 0 and port 2 can be used to expand the pro-
gram and data memory externally. During an access
to external memory, port O emits the low-order ad-
dress byte. In this function, port 0 is not an open-
drain port, but uses a strong internal pullup FET.

©; Siemens Components, Inc.
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SAB 80512/80532

Block Diagram of A/D Converter
1-Bus
P6 (DBH)
— | P6.7 Pie P6.5 | P6.4 | P6.3 | P6.2 | Ps.1 | P6.O —_—
BD BSY | ADM | Mx2 | Mx1 | mxo
7 6 5 4 3 2 1 0
3
N ADDAT (D9H)
> 0
1
[ — MUX -
ANO-7 a0 2]
3
» S&H L
Converter | 4
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YAGND g | 6 ]
VBB > — 7
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Write to DAPR
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0180-4
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SAB 80512/80532

Special Function Registers

Address Symbol Name Ad d:::;able
80H PO Port 0 Register Yes
81H SpP Stack Pointer

82H DPL Data Pointer, Low-Byte

83H DPH Data Pointer, High-Byte

87H PCON Power Control Register

88H TCON Timer Control Register Yes
89H TMOD Timer Mode Register

B8AH TLO Timer 0, Low-Byte

8BH TUL1 Timer 1, Low-Byte

8CH THO Timer 0, High-Byte

8DH TH1 Timer 1, High-Byte

90H P1 Port 1 Register Yes
98H SCON Serial Port Control Register Yes
99H SBUF Serial Port Buffer Register

OAOH P2 Port 2 Register Yes
0A8H IE Interrupt Enable Register Yes
0BOH P3 Port 3 Register Yes
0BsH P Interrupt Priority Register Yes
0COH IRCON Interrupt Request Control Yes
0ODOH PSW Program Status Word Register Yes
0D8H ADCON A/D Converter Control Register Yes
0DgH ADDAT A/D Converter Data Register

ODAH DAPR D/A Converter Start Register

0DBH P& Port 6 Register

OEOH ACC Accumulator Register Yes
OE8H P4 Port 4 Register Yes
OFOH B B-Register Yes
OF8H P5 Port 5 Register Yes

& Siemens Components, Inc.
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SAB 80512/80532

Absolute Maximum Ratings*

Temperature under Bias
for the SAB 80512/80532
for the SAB 80512/
80532-T40/85

Storage Temperature

Voltage on any Pin with
Respect to Ground (vgg)

Power Dissipation

........ 0°Cto +70°C

—40°Cto +85°C
~65°Cto +150°C

DC Characteristics

*Stresses above those listed under

“Absolute

Maximum Ratings’” may cause permanent damage
to the device. Exposure to absolute maximum rating
conditions for extended periods may affect device

reliability.

Voo = 5V £10%; Vgg — 0V; Ty = 0 to 70°C for SAB 80512/80532; Tp == - 40°C to +85°C for SAB
80512/80532-T40/85
Parameter Symbol Test Conditions Limit Values Unit
Min Max

Input Low Voltage ViL 0.5 0.8 \
!\npdu;( ?Elrjz\)/oltage {Except RESET Vi 20 Voot 05 v
Input High Voltage to XTAL2 ViH1 XTAL1 to Vsg e 25 Voo + 05 V#
Input High Voltage to RESET ViHz2 - 3.0 v
Power-Down Voltage VeD Voo = 0OV Bl 3” 55 T '
Output Low Voltage, Ports 1,2, 3,4, 5 VoL loL — 1.6 mA 0.45 \
Output Low Voltage, Port 0, ALE, PSEN | Vo4 loL = 3.2mA 0.45 v
Output High Voltage, Ports 1,2,3,4,5 | Von | lon — —80 pA Y v
Output High Voltage, Port 0, ALE, PSEN | Vony lon = —400 pA 2.4 1%
Logic O Input Current, Ports 1, 2,3,4,5 | I, Vi - 0.45Vv 500 pA
Logic 0 Input Current, XTAL2 liL2 XTAL = Vgg, V| == 0.45V -25 mA
Input Low Current to RESET for Reset | i3 ViL — 0.45v 500 pA
Input Leakage Current to Port 0, EA I oV < Viy < Voo B 110 ?
Power Supply Current loc All Qutputs o 175 mA
SAB 80512/80532 Disconnected
SAB 80512/80532-T40/85
Power-Down Current Ipp Voo = OV T 3 mA
Capacitance of 1/0 Buffer Cio fo  1MHz 10 ’pF_J

4-44
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SAB 80512/80532

A/D Converter Characteristics

Vee = 5V £10%; Vgg = OV, (Vgg ~ 0.2V) < Vagnp < (Varer — 1V); (Vagnp + 1V) < Vager < (Voo
+5%); Ta = 0°C to 70°C for SAB 80512/80532; Ty = —40°C to +85°C for SAB 80512/80532-T40/85

Parameter Symbol Test Conditions Limit Values Unit

Min Typ Max

Analog Input Voltage VaINPUT VAGND VAREF v
-0.2 +0.2

Analog Input Capacitance(! C 25 70 pF

Load Time t 21cy pus

Sample Time (incl. Load Time) ts 5 toy us

Conversion Time tc 15 toy us

(Incl. Sample Time)

Differential Non-Linearity DNLE Varer = Voo L7 1,

integral Non-Linearity INLE VaGND = Vss Y, 1Y,

Offset Error Ve E7/S LSB

Gain Error % t%

Total Unadjusted Error TUE ER7A %

Varer Supply Current(?) IREF 5 mA

NOTES:

1. The internal resistance of the analog source must be low enough to assure full loading of the sample capacitance (C4)
during load time (t,). After charging of the internal capacitance (Cy) 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 k2 at reference supply voltage.

‘© Siemens Components, inc.
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SAB 80512/80532

AC Characteristics

Voo = 5V £10%; Vgg = OV; Ta = 0°C to 70°C for SAB 80512/80532; T -
80512/80532-T40/85; (C_ for Port 0, ALE and PSEN Outputs = 100 pF; C__ for All Outputs = 80 pF)

—40°C to +85°C for SAB

Limit Values
Parameter Symbol 12 MHz Clock Y tCLCLVfri?_ZI;ﬁ?f: 12 MHz Unit
Min | Max Min Max |

Program Memory Charactistics N
Cycle Time tcy 1000 12tcice ns
ALE Pulse Width tLHLL 127 2tcLoL — 40 ns |
Address Setup to ALE taviL 53 tcrol 30 ns
Address Hold after ALE L LAX1 48 toLoL - 35 ns
Address to Valid instr In v 233 4tcLcL — 100 ns
ALE to PSEN 7 tLLPL 58 toLcL -~ 25 ns
PSEN Pulse Width tpLPH 215 3tcicL 35 T ns
PSEN to Valid Instr In tpLiv 150 3tceL — 100 ns
Input Instruction Hold after PSEN | tpxx 0 0 ns
Input Instruction Fioat after PSEN | tpxz+ 63 toLoL — 20 ns
Address Valid after PSEN tpxAv* 75 tcLoL - 8 ns
Address to Valid Instr In taviy 302 StoreL ~ 115 | ns
Address Float to PSEN tazpL 0 0 L ns
External Data Memory Characteristics -
AD Pulse Width tRLAH 400 6tcLcL 100 ns
WR Pulse Width tWLWH 400 Btc oL - 100 ns
Address Hold after ALE tLLAX2 132 2tcicL 35 ns
RD to Valid Data In tRLDV 250 StoLcL 165 | ns
Data Hold after RD tRHDX 0 0 ns
Data Float after RD tRHDZ 97 2tcieL - 70 | ns |
ALE to Valid Data In t LDV 517 BtcicL — 150 | ns
Address to Valid Data In tavbv 585 9tolcL — 165 | ns
ALE to WR or RD tLLwe 200 300 | 3t 50 | BtgoL t 50 | ns
Address to WR or RD tAvwL 203 41c oL — 130 1 s
WR or RD High to ALE High tWHLH 43 123 tcLcL — 40 toLcy + 40 ns
Data Valid to WR Transition tavwx 33 toLoL — 50 ns
Data Setup before WR tQvwH 433 7toLcL 150 ns
Data Hold after WR twHQx 33 tcLcL 50 ns
Address Float after RD tRLAZ - 0 0 ns

* Interfacing the SAB 80512 to devices with float times up to 75 ns is permissible. This limited bus contention will not cause

any damage to port 0 drivers.
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SAB 80512/80532

AC Characteristics (Continued)

External Clock Drive XTAL2

Limit Values
Parameter Symbol Freq. Za:!;bhlnenglto:l;z MHz Unit
Min Max
Oscillator Period toLeL 83.3 833.3 ns
High Time tcHeX 20 toLeL-toLex ns
Low Time toLek 20 toLeL-tcHex ns
Rise Time toLcH 20 ns
| Fall Time | tcHoL 20 ns

External Clock Cycle

tenox —> [*=tenct
2.5 2.5
0180-5
AC Testing Input, Output, Float Waveforms
2.4
2.0 2.0
Test Points
0.8 0.8
0.45
' Floot '
2.4 2.4
2.0 2.0
0.8 ,0.8
0.45 0.45
0180-8

AC Tasting inputs are driven at 2.4V for a logic "1 and at 0.45V for a logic “0".
Timing measurements are made at 2.0V for a logic 1"’ and at 0.8V for a logic "'0".

For timing purposes, the fioat state is defined as the point where a PO pin sinks 3.2 mA or sources 400 pA at voltage
test levels.

© Siemens Components, Inc. 4-47



SAB 80512/80532

ROM Verification Characteristics T, = 25°C; Vo = 5V £10%; Vgg = OV

|
Parameter Symbol Limit Values Unit
Min Max
Address to Valid Data tavav 48 toi oL ns
ENABLE to Valid Data teLav 48 ¢ oL ns
Data Float after ENABLE tenaz 0 48 toLcL ns
Oscillator Frequency 1/tcLeL 4 6 MHz
ROM Verification
P1.0=-P1.7
P2.0-P23 Address
tavav
Port0 Dato out
teLav ~ Yoz
P2.7
ENABLE
0180- 7
Address: P1.0-P1.7 = AO-A7 Inputs: P2.4-P2.6, PSEN = Vgg
P2.0-P2.3 = AB-A11 ALE, EA = Viy
Data: Port 0 = DO-D7 RESET = v

4-48 © Siemens Components, Inc.




SAB 80512/80532
Waveforms
Program Memory Read Cycle
; |
|
LU s e 11V
e~
ALE \ \
‘Pum
=/ ] N/
i, oLy — texav
PUR I tpxiz
= taze | x|
Port0 INSTR IN )-1\ AD- A7 INSTR IN> AD - A7 >—< INSTR IN >——
" taww
ADDRESS
Port2 oo crpop2 )L ADDRESS AB=A15 ADDRESS A8- 415 >
0180-8
Data Memory Read Cycle
f————t oy 1 WHLH
ALE
PSEN /
[ tuw tRLRH
/
= taxz “
vl ] tRLov F— RHoz |
[ tavov T tRHOX ﬁ
Port 0 A0 - A7 1 DATA IN
Lz
ADDRESS \
Port2  op sFR- p2 ADDRESS A8~ A15 OR SFR=~ P2 )
0180-9
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SAB 80512/80532

PSEN /

Data Memory Write Cycle

™ "LLwL"I‘—““"' T
VR ’ t
s ’i*' tavwi ‘
o betgywx | ‘
RERTF TS S I D — tovwh "‘ QWMQ)(Q
Port0 A0~ A7 DATA OUT f
Port2 ORADSD;:?EE?,Z ADDRESS AB=A15 OR SFR-P2 ‘)
Recommended Oscillator Circuits
i 401 xat 4 4O xrac 1
I +5vY r
& 1.2-12MHz 47
1
N 39] xtaL 2 39 xaL 2
I o
7404
741504
C = 30pF £ 10pF
Crystal Oscillator Mode Driving from External Source |
Ordering Information
Type Function
SAB 80512 8-Bit Single-Chip Microcontrofler with ROM
SAB 80532 8-Bit Single-Chip Microcontroller for External ROM

SAB 80512-T40/85
SAB 80532-T40/85

Like SAB 80512 but for
Like SAB 80532 but for

40°Cto 1 85°C
-40°Cto + 85°C
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