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SP300 Series Pressure Sensors with Embedded Micro Controller

Fully Compensated, Multipurpose Pressure Sensors
with Embedded Microcontroller

The SP300 series represents Sensonor T e ¢ h n n olatesti gereration multipurpose, absolute pressure sensors.
Based on already known technology, SP300 adds a level of integration by including a micro controller (uC), 2 LF-input
stages, 5 available general purposer 1/0O pins, and many other sofisticated features to meet market demands for
flexible, customer specific behaviour and solutions, also resulting in over-all system cost reductions.

This user manual supports programmers in creating application programs for the sensor, and therefore most of the
descriptions herein are presented as seen from the micro controller.

SP300 sensors are delivered with pressure sensors (ranges from 50 to 1600 kPa), temperature and supply voltage
sensors, acceleration sensor (range from 1 12 to 115 g) (option), and tube connection (option).

See product datasheets for performance of the specific SP300 sensors.

SP300-0.5(T)
SP300-1(T)
SP300-2(T)
SP300-7(T)
SP300-7A(T)
SP300-16A
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1 REFERENCES, ABBREVIATIONS AND DEFINITIONS

1.1 REFERENCES

Ref. Document title Doc no
[1] RISC Architecture and Instruction Set SP300 TN10030201
[2]  Monitor and Download Interface SP300 EROM TNO03103003

1.2 ABBREVIATIONS AND DEFINITIONS
The following abbreviations and definitions are used throughout the document:

AGC Automatic Gain Control

ALU Arithmetic Logic Unit

ASIC Application Specific Integrated Circuit

ASK Amplitude Shift Key

BCD Binary-Coded Decimal

EEPROM Electrically Erasable Programmable Read-Only Memory

EROM Physically the same as EEPROM. AEROMO i s uwseéfdr fo
device specific memory (which holds calibration coefficients) in SP300

LF Low Frequency (for wireless communication with SP300)

LNA Low Noise Amplifier

LSB Least Significant Bit

MSB Most Significant Bit

MUX Multiplexer

N.A. Not Applicable

PCB Printed-Circuit Board

PLL Phase-Locked Loop

PTAT Proportional To Absolute Temperature

RISC Reduced Instruction Set Controller
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2 PRODUCT INFORMATION

2.1 SYSTEM DESCRIPTION

The SP300 sensors are micro systems consisting of two dies packaged in a low cost, plastic moulded 14 pin SOIC
package as shown in Figure 2-1. The chip shown to the left is an example of a micro machined SP300 pressure and
acceleration sensor die. The die to the right is the ASIC containing the remaining part of the micro system. Wire bonds
connect the dies internally and forward the ASIC signals to the more accessible package pins. A block diagram of the
sensors is shown in Figure 2-3.

Figure 2-1 View of SP300 sensor internals
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2.2 PINOUT AND LASER MARKING

Figure 2-2 shows SP300 pin out and laser marking.

Reading the laser marking:

YYWWXXX :

NNNNNNNNNN:

O:

_<
1 ® < 14
2 Z E 8 13
Z 2 3
3 z >< 2 12
2 & K
4 54 X 11
=
5 = 10
2 o
6 Z 9
7 Z 8
Figure 2-2 SP300 package (top view)
Lot number
Product name
Pin 1 marking

Table 2-1 shows the name and function of each pin. Pin connection for a typical application is shown in 9.1.

Table 2-1 SP300 pin names and function

FI'@PE% NAME FUNCTION NOTE
1 IN4 LF receiver channel 2, negative input
2 P10 General purpose I/O with external wakeup, internal pull-up/pull-down
3 P11 General purpose I/O with external wakeup, internal pull-up/pull-down
4 MSDA Monitor Serial Data I/O, internal pull-up
5 MSCL Monitor Serial Clock input
6 VDD Supply pad VDD (battery/ supply voltage, positive terminal)
7 VSS Common ground (battery/ supply voltage, negative terminal)
8 VSS Common ground (battery/ supply voltage, negative terminal)
9 P17 General purpose I/O (or digital modulator output)
10 P15 General purpose I/O or external clock
11 P14 General purpose I/O (or digital modulator output)
12 IN1 LF receiver channel 1, positive input
13 IN2 LF receiver channel 1, negative input
14 IN3 LF receiver channel 2, positive input
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Figure 2-3 shows SP300 block diagram. The pressure and acceleration (optinonal) sensors are indicated to be on a
separate sensor die by the dashed lines. The fi ve gener al purpose |/ 0b6s (P10,
to the right. MSDA and MSCL pins for the monitor interface is indicated on top.

< | 4
a0
0|0
==
Power control Monitor Clock Digital P17
Interface sources modulator
| _______ ml
I| Pressure |! P14
I sensor <
| LI5S
| L=
|| Acceleration ADC RISC /O |P15
| ——( ADC
|| sensor (opt.) MUX controller Port |p11
[ p— 11
P10
Temperature
sensor
Application Dew_c_e Data Firmware
program specific memor memor
Voltage memory memory Y Y
sensor
Timer/ Watchdog Interval Flag
2 Counter 0 timer Timer registers
LF interface
2 (2 channels) . Bond wire Rd Interrupt
Vmin Tmax ; )
surveillance surveillance control

Figure 2-3 SP300 block diagram

2.3 RISC CONTROLLER

The SP300 RISC controller employs a low-power RISC to control device operation according to the application
program. The instruction set for the controller is found in [1].

The RISC is clocked from an on-chip RC oscillator, while the peripheral unit Timer/Counter 0 may be clocked from an
external source, for example the reference clock of a PLL chip in case a higher precision or synchronous timing is
desired.

The RISC features an 8 bit Harvard architecture with 16 bit instructions. Due to a two-stage pipeline concept the
instructions execute in a single instruction cycle, featuring fast execution time and low-power consumption. The RISC
block diagram is shown in Figure 2-4.

Byte-wise read access for the Application Program Memory is provided, whereas the firmware is not visible to the
application program due to the implemented shadow mechanism. A software interrupt (SYS) allows the execution of
library functions in ROM, see chapter6.2. The SYS mechani sm handles the transi

The RISC features 128 byte of internal Data Memory. The Data Memory is also used as 16-bit program stack during
subroutine calls and interrupts. Although no specific instructions are provided to manipulate this stack (e.g. Push/Pop),
the RISC features auto-increment and auto-decrement addressing modes to enable data stack handling by the
application program.

DOKO0335 rev.0 -8- ed. 2010 Mar



pes _
A& sensonor USER MANUAL SP300 Series

SP300 Series Pressure Sensors with Embedded Micro Controller

The peripherals of the RISC (timer, I/O, etc) are accessible via a Special Function Register File (SFR) that is mapped
into the Data Address Space. The RISC allows byte-oriented as well as bit wise access to both Data Memory and
SFROs.

Eight general purpose registers (8 bit) are provided. Four of them may be used in the context of indirect addressing.
Two of these registers provide additional post-increment and pre-decrement addressing modes in order to support e.g.
a software data stack.

The ALU supports instructions for arithmetic, logical and Boolean data manipulation.

The single priority level Interrupt Control system features an additional wakeup function from IDLE mode, which
provides the application program with a convenient means to synchronize with the peripherals.

A number of special loop control and bit shift instructions are available to optimize code speed and size, ref. [1].

Interrupt Controller
Stack

Y

Yy J \

Program
PC Memory
(ROM)

Y Instruction Bus (16 bit)

LSByte

MSByiei y
| Register File > B-Bus (8 bit) Instruction
> PSW > Decoder
P Stack Pointer A-Bus (8 bit)

\ A

Data Bit Pointer )
Y A
BITMASK >
from Instr. Decoder

i ALU
USER N
» data memory | &
space &l
Y Data Bus (8 bit)
RO| R1| SP| DBP
YYYVYY Instr [6:0]

™S

Data Address Bus (write)

g
-
YYVYYY |

A
R2 Data Address Bus (read)
Increment -
Decrement
. 4 /
Unit / !
Adr.
Decoder
internal
data memory
space

Figure 2-4 SP300 RISC Controller block diagram
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2.4 OVERVIEW OF SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFR) is a key element for controlling the device and hence it is important to know and
understand its contents. Table 2-2 gives an overview of the SFR, while description of each individual bit is explained
on the referred pages (follw the links directly for more details).

Table 2-2 Special Function Register Summary

REF. RESET
NAME PAGE DESCRIPTION ADDR BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O VALUE
PSW 40 Program Status Word 12h C H ov X Cco Ho oVveo X
SP 41 Stack Pointer 13h SP7 SP6 SP5 SP4 SP3 SP2 SP1 X 1100000XB
SBIT |Ref. [1]| Indirect Bit Address 14h MAP X X X X SBIT2 | SBIT1 | SBITO
SPTR |Ref. [1]| Indirect Byte Address 15h | SPTR7 | SPTR6 | SPTR5 | SPTR4 | SPTR3 | SPTR2 | SPTR1 | SPTRO
IE 27 Interrupt Enable 16h EA X EE El4 EADC ETO EP X 00000000B
IFF 27 Interrupt Flag 17h X X FE Fl4 FADC FTO FP X X0000000B
TO 22 Timer/Counter 0 18h
TRO 22 | Timer/Counter 0 Reload | 19h
TCON 22 | Timer/Counter 0 Control | 1Ah X TPS2 TPS1 TPSO TCS1 TCSO X TRSO | X00000X0B
WTCON 25 [Watchdog Timer Control | 1Bh X WPS2 [ WPS1 [ WPSO X X X WCLR | X000XXXXB
TVCON 56 [Thermal Shutdown Flags,| 1Ch | TSTHI X X X X X X X XXX0XX0XB
MODCON 29 Modulator Control 1Dh MDB X X X SCEN EP17 EP14 X XXXX000XB
1Eh -
X N.A. Reserved X X X X X X X X
1Fh
P10OUT 31 Port 1 Output 20h P17 X P15 P14 X X P11 P10 0X00X000B
P1INS 32 Port 1 Input sense 21h P17S X P15S P14S X X P11S P10S
P1DIR 31 Port 1 Direction 22h 1017 X 1015 1014 X X 1011 1010 | 0X00X000B
X N.A. Reserved 2235hh' X X X X X X X X
PCON 16 Power Control 26h X X X X RST SHUT | PDWN IDLE [XXXX0X00B
SCSL 18 System Clock Select 27h X X X X X CSL2 CSL1 CSLO [XXXXX000B
X N.A. Reserved 2383hh' X X X X X X X X
RICAR 33 RISC Interface-Address | 34h X X X RIA4 RIA3 RIA2 RIAL RIAO [ XXX00000B
RIDR 33 RISC Interface-Data 35h RID7 RID6 RID5 RID4 RID3 RID2 RID1 RIDO [ XXXXXXXXB
36h -
N.A. Reserved 3Eh Reserved
Note
Bits marked 6X06 are reserved for future use or device test
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3 OPERATING MODES

The SP300 features a versatile Power Management scheme to control and minimise the system power consumption.
The different device operating modes and wakeup mechanisms are controlled by the RISC circuitry and the
corresponding program memory.

The device operates in one of four modes, according to Figure 3-1.

Interrupt

\ WatchDog
POR Reset

Figure 3-1 Device operating modes

3.1 POWER DOWN

The POWER DOWN mode offers a minimum of current consumption, enabling a long battery lifetime for wireless
applications. Hence, SP300 should be kept in POWER DOWN mode as much as possible.

In POWER DOWN mode most of the chip circuitry is disabled. Only the Interval Timer, Flag Register, TMAX and LF
Interface, if enabled, remain operational.

Upon a device wakeup condition, the POWER DOWN mode is terminated, which enables and powers up the whole
chip circuitry. As soon as the internal chip supply is settled, the device enters RUN mode, causing the RISC circuitry to
commence program execution. The device will execute a Boot Sequence prior to passing control to the program
memory reset vector.

A device wakeup applies when the Interval Timer or LT Timer overflow, port P10 or port P11 sense a high-to-low
transition, or the LF Interface detects an LF Header, provided that the LF Interface has been enabled by instruction.
The actual wakeup source is signaled in the corresponding register and may be tested by the application program.

If the WatchDog counter is allowed to time-out while operating in RUN or IDLE mode, the device will cease operation
and be forced into POWER DOWN mode.

In case the supply voltage drops below the Power On Reset threshold, the device is forced into reset state causing the
device to cease operation.

3.2 RUN

When operating in RUN mode the RISC is operated at configured clock speed. Peripheral units may be enabled.

The device may be forced into POWER DOWN mode at anytime, when a RISC controlled device operation is not
required. The POWER DOWN mode is invoked upon instruction by setting the control bit PDWN, which is part of
Special Function Register PCON.
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3.3 THERMAL SHUTDOWN

If the ambient temperature is above the specified threshold, the device can be forced from RUN mode into THERMAL
SHUTDOWN mode in order to prevent undefined operation. As a result, all chip circuitry and port lines are disabled,
including the Interval Timer. The only active circuitry is the on-chip temperature sensor TMAX (ref. 4.11) and the Flag
registers.

The device will remain in THERMAL SHUTDOWN mode until the ambient temperature drops below the thermal
shutdown release temperature. When the THERMAL SHUTDOWN mode is released, a wakeup is generated, and the
device enters RUN mode resuming normal operation.

3.4 IDLE

Since some device circuitry once triggered operates independently from the RISC core (Timer Counter, ADC, LF
Interface etc.) the RISC core may be put into IDLE mode until the corresponding circuitry complete operation. The
IDLE mode is terminated and the RUN mode resumed when an Interrupt Request is detected. As a result, the program
execution commences. Depending on the interrupt configuration the corresponding interrupt is serviced or not, see
also section 4.14.

The | DLE mode may be invoked b8y.16). Aeothér poddibiityis tb sebtheacontrol Hit
IDLE as part of Special Function Register PCON. This will however cause a higher current consumption, because the
EROM is not turned off.

3.5 DEVICE WAKEUP
SP300 supports four mechanisms for device wakeup (WUP):

1. Periodic, by means of an on-chip Interval Timer or the LF Timer

2. By port P10 or P11, which may be connected to external circuitry, like a roll switch
3. The LF Interface when detecting an LF Header

4. Wakeup from THERMAL SHUTDOWN mode

3.5.1 INTERVAL TIMER WAKEUP

A periodic device wakeup from POWER DOWN mode is accomplished by an Interval Timer. The Interval Timer is
active regardless of the mode of operation and is clocked from an independent low-power RC oscillator, ref. 4.6.2. The
Interval Timer features a programmable period, controlled by the IT<1:0> in the Timer Register of the RISC Interface
Register Set (ref. 5.7). In addition to the Interval Timer tick, a second tick may be generated by the LF Timer (ref. 4.7).

If operating in POWER DOWN mode, a device wakeup is generated when the Interval timer overflows. When
operating in RUN or IDLE mode a corresponding interrupt (IT Overflow) will be generated. This will trigger an Interrupt
request via INT4, see also section 4.14.

The Interval Timer Overflow flag (ITOV) is set when the Interval Timer overflows. The flag may be tested by the
application program, in order to identify the wakeup or interrupt sources. Since the flag is not reset, it should be
cleared by the application program prior to forcing the device into POWER DOWN mode in order to serve its
identification function.

The ITOV flag is located in the Status Register of the RISC Interface Register Set. See section 5.2.

— IT WUP
LP RC Overflow ITov
Oscillator > Interval Timer T 05-2.0 500 S Q » T Overflow
T DATA WR |:> R (INT4)
T DATARD < J¢—

Figure 3-2 Interval Timer block diagram
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3.5.2 PORT WAKEUP

Device wakeup from POWER DOWN mode may be accomplished by port P10 and P11, see Figure 3-3. A port
wakeup is detected upon a high-to-low transition at port P10 or P11 and triggers a Port10/11 interrupt request. See
also section 4.16.

Port P10 and P11 feature an on-chip programmable pull-up/pull-down resistor.

VDD
PDP10 PDP11
1010
P10 [X] R Interrupt
1011 7(INT1)
p11 DX ——O>f
PDP10 PDP11 [, WakeUp

Figure 3-3 Port wakeup block diagram

3.5.3 LFWAKEUP

Device wakeup from POWER DOWN mode may be generated by means of an LF Header received and detected by
the LF Interface. However, this requires that the LF Interface has been enabled by the application program prior to
forcing SP300 into POWER DOWN mode.

In this case, the LF WUP flags (WUP1, WUP2) are set and may be tested by the application program as desired, in
order to identify the wakeup source. Since the flags are not reset by hardware, they shall be cleared by the application
program prior to forcing the device into POWER DOWN mode in order to serve their identification function.

The WUP1 and WUP2 flags are located in the RISC Interface Register Set, Status Register (ref. Table 5-5).

—» LT WUP
LP RC Overflow LTOV
Oscillator " LT Timer Tt ~ 25 - 100 msec S Q » LT Overflow
T DATAWR [ >R (INT4)
LT DATA RD < j¢——

Figure 3-4 LF Timer block diagram
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3.54 WAKEUP FROM THERMAL SHUTDOWN

Wakeup from THERMAL SHUTDOWN mode when temperature goes below thermal shutdown release temperature is
described in 3.3.

3.6 RESTART

Upon instruction the application program may reset the entire device, causing the device to resume program execution
at the RESET vector. A RESTART is forced by setting the control bit RST as part of Special Function Register PCON
(ref. 4.5).
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4 PERIPHERAL UNITS

This section describes the peripheral units seen from the SP300 micro controller core. For memory description, refer
to chapter 5.

41 ADC

The implemented ADC is a first order Sigma-Delta ADC with differential input. The resolution is selectable between 5
and 12 bits. The ADC is used when performing measurements of pressure, acceleration, temperature, and supply
voltage, and is used by the implemented library functions for the required measurements.

The ADC input is connected via the ADC MUX to the LNA output, the on-chip supply voltage sensor or the on-chip
temperature sensor.

4.2 LNA AND INPUT MUX

The LNA operates in a differential fashion with programmable gain in order to cope with the output voltage range of
the connected sensor bridge. The LNA features a MUX, selecting one of two independent differential sensor inputs.

4.2.1 PRESSURE SENSOR

The pressure sensor consists of a single-crystal silicon, bulk micro machined membrane with an integrated full
Wheatstone piezo-resistive bridge. The piezo-resistors are placed inside a vacuum reference chamber, whilst the
pressure media to be measured in the application is applied to the opposite side of the membrane. This gives good
long-term properties and exceptional media compatibilty as the measurement bridge is protected from the
environment. Only pure silicon and glass are exposed to the measurement media in the pressure inlet hole. Figure 4-1
shows a drawing of the combined pressure and acceleration sensor die. The sensor cell furthest away is for
measuring pressure. Pressure measurement is performed by a dedicated library function, as described in Chapter 8.

Figure 4-1 Sensor die

4.2.2 ACCELERATION SENSOR

The (optional) acceleration sensor consists of a single-crystal silicon, bulk micro machined beam with an integrated full
Wheatstone piezo-resistive bridge. The whole beam is placed inside a hermetically sealed vacuum chamber and is
therefore well protected from the environment. A diagnostic resistor, Rd, is integrated along the edge of the beam to
be used to check the mechanical integrity of the beam. In Figure 4-1, the nearest sensor cell shows the accelerometer
(beam and mass). Acceleration measurement is performed by a dedicated library function, as described in Chapter 8.
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4.3 TEMPERATURE SENSOR

The temperature sensor is placed on the ASIC and is a PTAT circuit. This is read by the ADC referenced to a fixed
(band gap) voltage. Temperature measurement is performed by a dedicated library function, as described in Chapter
8.

4.4 VOLTAGE SENSOR

The on-chip voltage sensor is a circuit that gives out a voltage proportional to the supply voltage. The voltage is read
by the ADC referenced to a fixed (band gap) voltage. Voltage measurement is performed by a dedicated library
function, as described in Chapter 8.

45 POWER CONTROL

The device operating mode is controlled by the bits located in the PCON register that is mapped into the SFR space of
the data memory, see Table 4-1.

Table 4-1 Power Control Register, PCON

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
| x | x | x [ x [Rst|[sHut|pown| IDLE |
ROW RMW ROW ROMW

Note Address = 26h

Bi t s ma raleea coonkdied and reserved for future use. Any read operation yields an undefined result. For future

compatibility any write operation should assign a 0606.
ITOV
IT o
Port WUP
LTOV LF WUP MRST
LT > S Q
WTOV
t R
D Q
TSST—Q C
PDWN
4 TSST TVDD
D
Q rRisc& | POR |osc,PoR
Peripherals |~ BANDGAP
SHUT—C R Jp_ T

TSHEN —» J TSTH

Figure 4-2 Power Control block diagram

The Power Control as shown in Figure 4-2 offers different wakeup methods such as the LF Interface, the Interval or LF
Timer, or Port wakeup, as described in section 3.5.

RST, PDWN and IDLE provide a trigger signal for the corresponding circuitry. Any read operation yields zero as result.

When SHUT is set, THERMAL SHUTDOWN mode is prepared (ref. 8.4.9) and TSST is set to 1. A read instruction of
SHUT will return TSST information.
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46 CLOCK SOURCES

SP300 includes two on-chip oscillators; a high-precision oscillator and a low-power oscillator. Furthermore, an external
clock source for Timer/Counter O may be connected to P15.

4.6.1 HIGH-PRECISION OSCILLATOR

The high-precision oscillator operates at a nominal frequency of 8 MHz. The clock generation circuitry features a
programmable clock divider in order to enable a clock rate selection for the RISC according to the speed and power
consumption requirements of the application program, ref. Figure 4-3.

Clock Divider
RC Tosc
Oscillator |[— Divide by 2 5-bit Divider |— Tgrer
(8 MH2) (125 kHz)
1 1
MRST

D » Tsys
?
CSL j\

—> T
IDLE J o

IDLE —»—D Q

IDLE i e g O—
MRST _>_\\ (WR Trigger) R

IDLE-REL —P—jj

Figure 4-3 System clock generation

The application program may changethef hg 0 ¢l &adkdssstavthee ICEL 0 n
register forces a new synchronization. The system clock, Tsys, is determined by the Clock Select control bits, CSL,
according to Table 4-2.

Table 4-2 Clock Select, CSL

CSL2 CSL1 CsLo Tsvys Fsvs (typ) Note

0 0 X Tosc * 32 125 kHz

0 1 0 Tosc * 16 250 kHz

0 1 1 Tosc* 8 500 kHz

1 0 0 Tosc* 4 1 MHz

1 0 1 Tosc* 2 2 MHz

1 1 0 Reserved Reserved 1
1 1 1 Reserved Reserved 1

Note

1. Reserved for device test purposes

The System Clock Select Register is located in the SFR space of the data memory. The bits are assigned as shown in
Table 4-3.
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Table 4-3 System Clock Select Register, SCSL
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

[ x | x [ x | x | x |cs2|cst1]csio|
WO WO WO WO W0 RW RW RW

Note Address = 27h

Bits marked o06X06 are not connected and reserved for future
compatibility anywriteoper ati on should assign a 6060.

A 125 kHz clock (Tger) is derived from the high-precision oscillator, which serves the function of an internal reference
clock for timing purposes. The reference clock is also available for the application program as clock input for the on-
chip timers, see sections 4.8 and 4.9.

Initially after reset, the SCSL register is cleared and the lowest speed for the RISC is selected.

46.2 LOW-POWER OSCILLATOR

Due to the extreme low-power requirements, the low-power oscillator is implemented to serve as a periodic wakeup
source, ref 3.5.1. In addition, the low-power oscillator is used internally by the LF interface.

4.6.3 EXTERNAL CLOCK

The external clock on P15 can be used as an input to Timer/Counter 0 (see section 4.8), e.g. to assure a high
accuracy baud rate of the signal train generated in the Digital Modulator circuitry (see section 4.15) or to synchronize
with an external RF transmitter. The baud rate is dictated by the frequency of the external clock input combined with
the value in the prescaler register in Timer/Counter 0.

4.7 LFINTERFACE

A block diagram of the LF interface is shown in Figure 4-4.

2D LF Interface
LC cail
> LFDATA
g | LF < LF CTRL
Receiver Ml Baseband
Processor
% % LF —— LFWu
Receiver |ﬂl p
LP _ ) -
Osc » LF Timer LT » LT Overflow
A ]
LT LF EN

Figure 4-4 LF Interface block diagram

The LF interface may be enabl ed by t he8A4fLtébelopetatonafimRUA, Co
IDLE or POWER DOWN modes.

DOKO0335 rev.0 -18 - ed. 2010 Mar



A& sensonor USER MANUAL SP300 Series

SP300 Series Pressure Sensors with Embedded Micro Controller

The LF Interface supports Manchester coded command or data reception, employing ASK modulation of the LF carrier
at 3.9 kbps. After detection of a valid LF telegram header, reception of data may be handled by the library function
LF_Data_Read (ref. 8.4.8).

While the LF interface monitors the coil inputs, the RISC may be put into IDLE or POWER DOWN mode, in order to
minimise the system power consumption. In case POWER DOWN or IDLE mode is entered, the LF Timer or
Timer/Counter 0 respectively may be programmed to define a certain time-out period, in order to limit the LF scan time
per sequence.

4.7.1 LF TELEGRAM FORMAT

When the LF Interface is enabled, it will autonomously monitor the coil inputs for a modulated LF carrier that must
assemble an LF Telegram featuring a distinct format, in order to cause a device wakeup. Subsequently, data might
follow that is received and demodulated by the LF circuitry. The LF Telegram format is shown in Figure 4-5. The LF
Telegram comprises of Preamble, Synchronisation, wakeup ID, and optional Data.

47.1.1 Preamble

The Preamble is a sequence Man s thels inteenfacedoosettte its afiatog airauigyo Thev h i
Preamble must feature a minimum length as specified.

4.7.1.2 Synchronisation

To initialise the on-chip Manchester decoder and to detect the start of the wakeup ID frame, a distinct synchronisation
pattern needs to be received by the device (ref. Figure 4-5). The Synchronisation frame features a fixed length.

4.7.1.3 Wakeup ID

In order to force a wakeup, the device needs to receive a Manchester coded wakeup ID that matches the user
programmed bit pattern. The wakeup ID is a string assembled by up to 16 bits, ref. 5.5.

When the received wakeup ID is detected to match the pre-programmed one, the device will generate an interrupt
after the last bit of the wakeup ID has been received. Subsequently, the device will continue sampling the LF interface
in order to detect and decode data sent optionally.

4.7.1.4 Data

After device wakeup Manchester coded data may optionally be sent to the device. Data is sent in 8-bit frames. These
are decoded by the on-chip Manchester decoder and buffered in a UART-like 8-bit register. Reception of a full byte is
signalled by setting interrupt flag 4 if enabled. If subsequent data frames are being received, the 8-bit register is
overwritten at the end of each frame as well as an interrupt is being generated.

/.
(A D B /""'.
LF 4D—D—D—[[ Preamble | Synchronization Wake Up ID Data ]' Data i—
/-
/ _____ 1

1
' I
16 Teir > 8 Tair >

|
|
¢ Tere >e 9 Tair ;

¥ Tar 4% 4 05Tar > 15 Terr 14

oo | L L L1
Demod Out ! i /J_|—|_| :/

h | |
i \ |

i g h | |
! i |
H _"I N‘r 0.5 Tair
B 1 1 1
3Ty P2 Ty P 2 TP

Ter

qT

Figure 4-5 LF Telegram format
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The Manchester coding is defined as follows: A zero of a Manchester coded bit is coded as a transition from high to
low state, a one is coded as a transition from low to high state.

The Manchester-coded bit and the corresponding LF pattern is shown in Figure 4-6. During the high state of the coded
bit the LF signal is on, during the low state the LF signal is off. The nominal bit rate is 3.9 kbit/s. This results in a bit
length T of 256 ps nominal and a minimum pulse width of 128 ps.

LF bit
«— T —> «—— T ——>
Manchester  / A
coded bit
‘0 1

Figure 4-6 LF Manchester coding

4.7.2 LF CARRIER DETECTOR

The LF carrier detector provides a simple wakeup circuitry when no data/instructions are required to be sent to the
sensor. Compared to the LF interface, the circuit has been designed less sensitive only to react on carrier amplitudes
above a certain value. In addition, the carrier must be detected for a certain period of time before an interrupt is
generated. For trigger level and time, refer to the specifications. The LF carrier detector is controlled by the Control
Register located in the RISC Interface Register Set, ref. 5.3.

The Carrier detector interface sets an interrupt and a flag as soon as it detects a short 125 kHz carrier signal (i.e. LF
signal). The flag is set as long as this LF signal is detected.

In case of a short LF pulse, the pulse duration must be larger than a specified value, ref. Figure 4-7.

(Ll

<>

Figure 4-7Det ecti on of areqile®aninimurf sighg dutatore o

In case of a continuous LF signal, the detection will occur after a setup time + the minimum duration time, ref. Figure
4-8.
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AWM

tsetup tCDmin

<> <>
LF stage ON
Interrupt
t 2ms

setup

Figure 4-8 Detection of a continuous LF signal

If the LF signal duration is below tcpmin Or the amplitude is below S,qqet, the Carrier detector interface will not detect the
LF signal.

The minimum LF signal to detect with respect to sensitivity and signal duration is shown in Figure 4-9.

LF signal A
amplitude
(peak-to-peak)
ALWAYS
DETECTION
Sdet
Detegtion not
guaranteed
Snotdet
NO|DETECTION LF signal
duration

| -
-

CDmin CDmax

Figure 4-9 LF detection levels

4.8 TIMER/COUNTER 0
The device incorporates an asynchronous 8-bit timer/counter with auto reload feature and a 6-bit prescaler, ref. Figure
4-10.
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TPS DATA RD
Trer —P
Tsys —p— TCLK l ﬁ
=\ Prescaler | | TO TCOV | \nterru t (FT0)
) (6-bit) (8-bit Counter) » Interrup
s Timer 0 Overflow

P15 E—] CR
(XCLK) T >
:l > —> —
TCS [
-1 Q |—O> Q
TRO

DATAWR [ >|TRs0 D Jo D (8-bit)

4 v

DATAWR DATARD

RUN/STOP
DATARD < 1| TRSO

Figure 4-10 Timer/Counter 0 block diagram
The Timer/Counter O control bits are located in the Special Function Register TCON, see Table 4-4.
Table 4-4 Timer/Counter 0 Control Register, TCON

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| x |7ps2|TPs1|TPso|Tcsi|Tcso| Xx | TRso |
WO RW RW RW RW RW W0 RW

Note Address = 1Ah

Bits marked 6X6 are not connected and ieklsanrundefided fesult. Fof futture r e
compatibility a write operation should assign a 606.

Timer/Counter O features a programmable 6-bit prescaler that provides prescaler values of 2" for N = 0 to 6, selected
by TPS<2:0> (ref. Table 4-5).

Writing to the Timer/Counter 0 Reload Register TRO while the timer/counter is stopped, will clear the prescaler. Writing
to and reading from the prescaler is not supported.

Table 4-5 Timer/Counter O Prescaler Select, TPS

TPS2 TPS1 TPSO Prescaler Value Note

0 0 0 1

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 Reserved

Timer/Counter 0 can operate as a timer or as an event counter, depending on the clock source selected by the
corresponding control bits TCS, Table 4-6.
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Table 4-6 Timer/Counter O Clock Source Select, TCS

TCS1 TCSO Clock Source Note
0 0 Reference clock, Trer 1
0 1 System clock, Tsys 1
1 0 Reserved
1 1 External clock/event at Pin P15

Note
1. The clock is derived from the on-chip high-precision oscillator

Timer/Counter 0 is incremented in response to a rising edge at its clock input. Upon overflow of the timer/counter
register TO, the Timer/Counter 0 interrupt request flag FTO is set (see section 4.14 for details). At the same time the
timer/counter register is overwritten with the value stored in the timer/counter reload register TRO.

The timer/counter register TO reload operation does not affect the prescaler state.

The Run/Stop control bit TRSO controls the operation of timer/counter 0. A Run/Stop request is synchronized with the
clock source (TCLK) and the timer/counter is incremented in response to a rising edge of the clock (TCLK), according
to Figure 4-11.

To force Timer/ Counter O into Run mofdlegp.a Téol 6f chracse ttoh eb eS
to be written. The corresponding request is latched upon the next rising edge of the clock signal TCLK and signaled by
the Run/Stop mode flip-flop. Subsequent clocks will be recognized/ignored respectively by the timer/counter.

Note that the prescaler does not recognize the clock which acknowledges the RUN mode, while it does recognize the
clock which acknowledges the STOP mode, ref. Figure 4-11.

The counter and prescaler states are not changed in Stop mode. Reading the control bit TRSO signals, if
Timer/Counter 0 is running or stopped.

The timer/counter register, TO, is located in the SFR address range and available for reading only. A write operation
has no effect. The register TO is initialized via the reload register TRO.

The timer/counter reload register, TRO, is located in the SFR address range and is available for reading and writing. In
case Timer/Counter 0 is stopped (TRSO = 0), writing to TRO will also affect TO, since TO does receive a copy of the
value loaded into TRO. If the timer/counter is running (TRSO0 =1), TO is not affected by a write operation to TRO.

It is important to notice that the system clock (instruction clock) and Timer/Counter O clock may be asynchronous to
each other, depending on the selected clock sources. Thus reading from TO by software may happen at the exact
moment in which the timer/counter is incremented. In this case, the read value may be undefined. Thus the
timer/counter should be stopped before reading TO. Alternatively, successive readings of TO should be performed in
order to verify the read results against each other.

The Timer/Counter 0 control register is initially cleared after reset, and the timer is stopped.
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RUN / STOP / \
DATAWRIT'IF;E J L ﬂ
e I EYTS ETY G ST €
0 >§<TRO

Figure 4-11 Timer/Counter 0 timing

49 WATCHDOG TIMER

The device incorporates a Watchdog Timer, to recover the system from situations in which the application program
has run into a deadlock situation. This helps to prevent system malfunction and unintended battery discharge for
wireless applications. If the Watchdog Timer overflows, it will force SP300 into POWER DOWN mode.

The Watchdog Timer as shown in 0 is always active when the system operates in RUN or IDLE Mode. When active,
the watchdog prescaler is clocked from the reference clock (T, See section 4.6).

The Watchdog Timer consists of an 8-bit prescaler and an 8-bit main timer, WT. The main timer is clocked by a tap
taken from the prescaler according to Table 4-7.

Table 4-7 Watchdog Prescaler Select, WPS

WPS2 WPS1 WPSO Prescaler Ratio Note

0 0 0 256

0 0 1 128

0 1 0 64

0 1 1 32

1 0 0 16

1 0 1

1 1 0

1 1 1

To prevent the main timer from overflow, the applicatonpr ogr am has to write a 616 to t
ti meout event. Writing a 006 to WCLR has no effect WCL |
a 00606.

The Watchdog Timer control bits are located in the Special Function Register WTCON, see Table 4-8.
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Table 4-8 Watchdog Timer Control Register, WTCON
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
[ x |[wps2{wpsi|wpso| x | x [ x [wctRr|
WO RW RW RW WO WO WO ROW

Note Address = 1Bh

1. Bits marked 6X6 are not connected and reserved f20Readingofur e
the bit WCLR yields a 60606.

Initially after reset, the WTCON register is cleared, which configures the longest possible timeout time.

WCLR—>—>J_|_j :
MRST

CLR CLR
v v
Prescaler WT Overflow
—> —> e
frer (8-bit) (8-bit Counter) WTOV
WPS

Figure 4-12 Watchdog Timer block diagram

410 VMIN

The VMIN circuitry checks whether the supply voltage is above the minimum level for measurements. The circuitry is
used by some of the implemented library functions to check if measurements are performed at a valid supply voltage.
This information is part of the Status byte (ref. 8.2) returned by these functions.

411 TMAX

In order to avoid undefined device operation above the normal operating temperature range, an on-chip Thermal
Shutdown <circuitry, TMAX, is included. TMAX is enabl ed
8.4.10) to put the device into THERMAL SHUTDOWN mode (ref. 3.3).

4.12 BOND WIRE SURVEILLANCE

The bond wire surveillance circuitry checks the integrity of the wire bond connections to the acceleration and pressure
measurement bridges. The circuitry is used by the implemented functions for pressure and acceleration measurement
and the result is placed in the STATUS byte (ref. Chapter 8).

4.13 RD SURVEILLANCE

The Rd surveillance circuitry checks the integrity of the acceleration beam. The circuitry is used by the implemented
library function for acceleration measurement and the result is placed in the STATUS byte (ref Chapter 8).

4.14 INTERRUPT AND IDLE CONTROL

The SP300 employs a single-level interrupt architecture with four independently maskable interrupt sources (INT1 to
INT4), see Figure 4-13. Interrupt masking is accomplished by the Interrupt Enable Register, IE. An Interrupt Flag
register, IFF, stores pending interrupt requests generated by the corresponding peripheral.
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Figure 4-13 Interrupt control system

The interrupt sources operate at a common priority level, meaning that any interrupt service cannot be interrupted by
subsequent interrupt requests until it is terminated by a RETI instruction. However, a multi-level interrupt structure can
be constructed in software by manipulating the EA flag during interrupt service.

In case of simultaneous interrupts (e.g. occurred during the execution of an interrupt service), the interrupt with the
lowest vector address will be serviced next. However, at least one instruction of the main program is executed
between successive interrupts.

Interrupt vectors are assigned to fixed locations in the Application Program Memory. The assigned address space for
each vector is shown in the Application Program Memory. See Figure 6-1.

All interrupts are initially disabled after a device Reset.

4.14.1 INTERRUPT ENABLE REGISTER

The Interrupt Enable Register, IE, is located in the SFR address space and contains several bits that control the
interrupt system to feature interrupt masking, see Table 4-9.

Interrupts will not be serviced while EA is cleared. If EA is set, interrupts are serviced according to the setting of the
corresponding interrupt enable bit. In any case, interrupts will be latched until vectored and may alternatively serve to
terminate the IDLE mode, if enabled by the corresponding bit.

DOKO0335 rev.0 -26 - ed. 2010 Mar



Y
AW sensonor

USER MANUAL

SP300 Series

SP300 Series Pressure Sensors with Embedded Micro Controller

Table 4-9 Interrupt Enable Register, IE

Bitl BitO

RIW wo

Address = 16h

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2
| EA | x | EE | e |EADc| ETO [ EP | X |
RW WO RW RW RW RW
Note
Bitsmarked 6 X6 are not

flags

connected

and reserved

f

or f ut loterrept request.

Interrupt requests are latched in corresponding flags of the Interrupt Flag Register, IFF. See Table 4-10

Table 4-10 Interrupt Flag Register, IFF

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
| x | x | Fe | Fa [Fapc| Fro | PP | x |
w1 R/0 R/0 R/0 R/0 R/0 R/0
Note Address = 17h
1. Bits marked 6 X0 asarvedforiuattreusennected and
2. Bits marked 6R/ 06 may be cleared only

r e
by

a corresponding

The corresponding interrupt request flip-flop is cleared automatically when the interrupt is serviced, except for the
interrupt flag FE, which serves a dedicated function in the context of IDLE mode release.

4.14.2

INTERRUPT SOURCE ASSIGNMENT

The interrupts vectors, located in the Application Program Memory, are assigned to the sources as listed in Table
4-11. Since each interrupt vector leaves space for not more than a single instruction, the application program should
place a JMP instruction to the address of the actual interrupt service routine. A RETI instruction should be placed
instead at all unused vector addresses.

Table 4-11 Interrupt Source Assignment

Vector Address Source Note
INT O 0002H Reserved
INT 1 0004H Port10/11
INT 2 0006H Timer 0 Overflow
INT 3 0008H ADC Ready
INT 4 000AH LF WUP Detect 1
LF Error
IT Overflow
LT Overflow
Temp SHTD
LF Byte Received
INT 5 000CH Reserved
INT 6 000EH Reserved
Note

1. INT4 serves a number of interrupt sources and the corresponding service required need to be determined by testing the
corresponding flags provided for each source.
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4.14.3 INTERRUPT SERVICE

When an interrupt request is detected, the Interrupt Control logic clears the EA SHADOW flag (ref. Figure 4-13) rather
than the EA bit itself, to prevent subsequent interrupt requests from being serviced. However, the subsequent interrupt
is being latched.

The interrupt in service is acknowledged automatically by the Interrupt Control Logic, by clearing the corresponding bit
in the IFF register. Subsequently, the RISC is forced to perform a CALL instruction to the corresponding vector
address. The CALL instruction saves the processor status (Program Counter, PC, and Program Status Word, PSW)
on the Call Stack, see also sections 6.4.1 and 6.4.2.

The Interrupt Service Routine must be terminated by executing a RETI instruction. The RETI instruction restores the
program status (PC and PSW), in order to resume program execution at the corresponding location. Subsequently, the
Interrupt Logic sets the EA SHADOW flag to enable pending or new interrupts to be serviced.

To enable interrupt nesting, the application program may set the EA flag, causing the EA SHADOW flag to be set
again, enabling interrupt nesting and service for pending or future interrupts.

4.14.4 |DLE MODE

Any interrupts enabled by setting their corresponding bit in the IE register will terminate IDLE mode and force the
device to resume program execution, see Figure 4-13.

The IDLE mode is typically used alternatively and mutually exclusive to interrupt services. Thus the Global Interrupt
Enable bit EA is cleared in this case and no interrupts are invoked. However, if the control bit EA is set, thus general
interrupt service is enabled, the corresponding interrupt will be serviced after termination of the IDLE mode.

The device executes the instruction following the one that forced the device into IDLE mode first, before the
corresponding interrupt is serviced.

The IDLE mode will not be entered, if the corresponding interrupt flag (IFF) is already set for an interrupt that is
enabled, while EA is cleared. Thus the corresponding bits in the IFF register should be acknowledged prior to IDLE
mode invocation. The Interrupt Control logic does not perform this step, because the interrupt has not been serviced.
Clearing of any interrupt request bits shall be accomplished by the INTA instruction, while masking all interrupts that
shall not be affected. A Read-Modify-Write instruction (such as bit manipulation) should not be used, in order to avoid
unintentional clearing of interrupt request bits and potential loss of an interrupt event, when latter one occurs after the
Read but before the Write phase of the instruction.

The involved steps before and after using the IDLE mode are as follows:

1. The application programs the IE register by clearing the EA bit and setting the corresponding bits of all interrupt
sources that shall be able to release the IDLE mode. The same bits in the IFF register should be cleared, in case
they are set by unintended interrupt requests that occurred in the past.

2. The application program c &4.16)sandtehters tifiel IDLE endde. fAliematively,othe
application program could directly set the IDLE bit (ref. 3.4).

3. The IDLE control logic detects an enabled interrupt request and clears the IDLE bit, terminating the IDLE mode
(wakeup).

4. The RISC resumes execution at the first instruction following the instruction that sets the idle mode bit. If more
than one interrupt source was enabled in step 1, the IFF register should be read to determine the source that has
caused the wakeup. In any case, the application program is obliged to clear the corresponding bit in the IFF
register to acknowledge the interrupt request. Note that the Interrupt Control logic does not perform this step,
because the interrupt has not been processed and vectored in this case (see section 4.14.3).

Clearing of any interrupt request bits should be accomplished by the INTA instruction, while masking all bits that shall
not be affected by a 1. The interrupt request bits do not support setting by instruction. A Read-Modify-Write instruction
(such as bit manipulation) should not be used, in order to avoid unintentional clearing of interrupt request bits and
potential loss of an interrupt event, when latter one occurs after the Read but before the Write phase of the instruction.
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If any enabled interrupt sources have already signaled an interrupt request by setting the corresponding bit in the
Interrupt Flag register (IFF), the IDLE mode cannot be entered. Setting the IDLE bit by the application program has no
effect in this case.

4.15 DIGITAL MODULATOR

SP300 features an on-chip digital modulator circuitry for use with the 1/0 Port. The modulator supports signal train
generation, e.g. with Manchester/Bi-Phase or Pulse Width coding and features a sub-carrier mode.

The digital modulator circuitry may be configured to take control of the port line P14 or P17.
Signal train timing is controlled by a data clock (DCLK), which is provided from Timer/Counter O (ref. Section 4.8).

Modulator operation is configured by the control bits located in the Special Function Register MODCON, see Table
4-12.

Table 4-12 Modulator Control Register, MODCON

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| MDB | X | X | X |SCEN| EP17 | EP14 | X |
RW WO WO WO RW RW RW WO

Note Address = 1DH

Bits marked O6X6 are not connect ed aiordyieldseas undefineddestditor f ut ur e

| Port 14
DIRECTION Port P17
— Q_L
EP14 — DIR
MENABLE
EP17 —» *
Divider | | —
e Lo 1 b pas
Z
l_ %— ouT| Port Driver 42
MDB MDATA MOUT and PL7
DATAWRC Y Q D Q| OUTPUT Input Buffer
DATA RD <‘,:| [ °
R SCEN <j
' INPUT SENSE
Timer/Counter 0_>
Overflow DCLK EP17 W
EP14 I

Figure 4-14 Modulator configuration and interaction with port

The flip-flop MDATA is clocked by the Timer/Counter O overflow, in order to immediately latch the data that is stored in
the Modulator Data Buffer, MDB, avoiding signal train phase jitter due to the interrupt or polling response time. A
corresponding Timer/Counter O interrupt service routine has to serve the Modulator Data Buffer with the value
designated to be output with the next Timer/Counter 0 overflow.

When for example Manchester coding shall be implemented, the Timer/Counter 0 consequently needs to be operated
at twice the bit rate.

The flip-flop MDATA is cleared when EP14 and EP17 is cleared.
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The modulator may be configured to control either P17 or P14, according to the setting of the configuration bits EP14
and EP17. If more than one bit is set, the circuits involved will be served with the same signal train in parallel.

If the EP17 (or EP14) is set, the corresponding port direction flip-flop is overruled, which causes the port line to be
configured for output mode. The port line is controlled by an XOR function of the Modulator Data flip-flop, MDATA, and
the corresponding port output flip-flop. Thus the modulator state after reset may be adapted to the port line
configuration that shall be present before and after the modulator controlled operat i on ( AHI GHO or #ALO

The modulator circuitry features a sub-carrier mode that can be applied for the signal train generated at port P17 or
P14. The sub-carrier is enabled if the control bit SCEN is set. The sub-carrier is derived from the reference clock by
division by 3 and features a duty cycle of 33%, however, is not synchronised with the bit clock (DCLK). The SCEN bit
should be cleared when the modulator is not used, in order to minimize power consumption.

Initially after reset, the Modulator Control register, MODCON, is cleared, which will disable the modulator by default.

woata| S G
ISR TC —»(:: —»{::
MDB | Y X z X:

Figure 4-15 Port modulator timing

Figure 4-16 Sub-carrier timing

4.16 1/0 PORTS

The device features an 1/O port structure, Port 1, to interact with external peripherals. 5 independently configurable
port lines are available.

All port lines as shown in Figure 4-17ar e conf i gupeldl d nf d@gphuischoutputmede. ParsPd@and n
P11 feature an additional pull-up/pull-down resistor, providing a defined level when used in input mode. For all other
ports, external resistors need to be provided, when needed.

Although fully controlled by the application program, some /O lines are assigned typical control functions. Table 4-13
gives an overview of the functions the corresponding port line serves in addition to its generic I/O function.
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Table 4-13 Port Function Assignment

Port line Typical function in a wireless application Note
P10 wakeup sense 1
P11 wakeup sense 1
P14 Digital Modulator output
P15 External clock input
P17 Digital modulator output

Note

1. Features internal programmable pull-up/pull-down resistor

P10 and P11: May serve as wakeup input and connects to the wakeup sense circuitry. The wakeup sense circuitry
features to release the device from POWER DOWN mode by a high-to-low transition at the input. For
applications where P10 or P11 can be held low for longer periods (i.e. roller switch), the pull-up
resistors can be disabled in order to reduce current consumption during POWER DOWN mode. This is
controlled by PDP11 and PDP10 (ref. Table 5-11).

P14 and P17: May be controlled by the on-chip digital modulator circuitry that supports signal train generation, e.g.
Manchester/Bi-Phase, Pulse Width, etc. (ref. 4.15).

P15: May serve as an external clock input (ref. 4.7.2).

All port lines may be independently configured for input or output, as defined by the Special Function Register P1DIR,
see Table 4-14. Other peripheral units sharing 1/0O pin resources may overrule pin direction register.

Table 4-14 P1 Direction Register, P1DIR

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

[1017 | x [1o15 1014 | x | x |01 [i010 |
RW WO RW RW WO RW RW RW
Note Address = 22h

Bits marked O0X6 are not connect ed aiordyieldseas undefineddestditor f ut ur e

If the corresponding direction bit is set, the port line is configured for output and the corresponding line driver is
enabled. As a result, the port line will be forced high or low, depending on the state of the output flip-flop. If the
corresponding direction bit is cleared, the port line is configured for input and the corresponding line driver is disabled
(tri-state), see Figure 4-17.

The port output flip-flop controls the state of the corresponding port line, if latter one is configured for output mode. Any
read operation from the port output flip-flop will be executed by sampling the state of the flip-flop rather than the state
of the port line, see Figure 4-17.

The port output register of Port 1, P1OUT, is located in the SFR range, see Table 4-15.

Table 4-15 P1 Output Register, PLOUT

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
|P17| X |P15|P14| X | X |P11|P10|
RW WO RW RW WO RW RW RW

Note Address = 23h
Bits marked O6X6 are not connect ed aiordyieldseas undefineddestditor f ut ur e

Reading from the port lines is accomplished by means of the Special Function Register Port 1 Input Sense, P1INS,
see Table 4-16.
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Table 4-16 P1 Input Sense Register, P1INS

Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bitl Bit0O

[Pizs| x [Piss|pPus| x | x |[Pus|Ppios |
R W0 R R W0 R R R
Note Address = 21h

Bits marked 6X06 are not connect ed aiordyieldseas undefineddresfltor f utur e wus

P1INS directly senses the port pin and return the corresponding states of the I/O lines, see Figure 4-17.

Initially after a Reset, the port direction and output flip-flops are cleared, which will configure all port pins for input. In
this situation, ports P14, P15 and P17 need to be driven externally in order to prevent them from floating. A weak pull-

downorpulllup resistor is sufficient to Atied the port to VSS
AVDD VDD
PULL-UP

(Applicable for P10 and P11)

DIRECTION

Q DIR O— PDP10/ PDP11
lo——] [ PusH
& PIN

AnY;

OUTPUT (Port 1)
|:> Q PULL
ouT —— PDP10/PDP11
VSS
INPUT SENSE PULL-DOWN
IN /I (Applicable for P10 and P11)
T <<
VSS

WUP <«
Applicable for P10 and P11

Figure 4-17 Port 1 configuration
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5 RISC INTERFACE REGISTER SET

The RISC Interface Register Set is an independent address space that is powered in all operating modes. The
address space cannot directly be accessed by the RISC. Two registers in the SFR (ref. Table 2-2) are used for indirect

access to the RISC Interface Register Set; RICAR and RIDR.

The RISC Interface Register designated for R/W access is selected by address bits, RISC Interface Address, RIA.

Table 5-1 RISC Interface Control/Address Register, RICAR

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| x | x [ras|riag | rRiA3 | RIA2 | RIAL | RIAO |
WO WO WO RW RW RW RW RW
Note Address = 34h
Bits marked O6X6 are not connect ed aiordyieldseas undefineddesdltor f utur e wus
Read and write access to the designated RISC Interface registers is executed via the RISC Interface Data register,
RIDR. Accessing the RIDR register for Read or Write results in a Read or Write access of the corresponding RISC
Interface Registers, as selected by RIA. Write access to the RISC Interface registers location 08h i OEh is not
possible.
Table 5-2 RISC Interface Data Register, RIDR
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| RiID7 | RiD6 | RID5 | RID4 | RID3 | RID2 | RID1 | RIDO |
RW RW RW RW RW RW RW RW
Note Address = 35h
Table 5-3 gives an overview of the RISC Interface Register Set, while description of each individual bit are explained
on the referred pages.
Table 5-3 RISC Interface Register Set Summary
REF. RESET
NAME ADDR pAGE BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO VALUE
LF Data Register 00h 34 RID7 | RID6 | RID5S | RID4 | RID3 | RID2 | RID1 | RIDO | 11111111b
Status Register 01h 34 LTOV | TSH | CDET | BITF | ITOV |[NBYTE | WUP2 | WUP1 | XX00X000b
Control Register 02h 35 TSHEN| LFEN | ENCD | CDF X SWCD | WUL2 | WUL1 | XX000011b
Power Down Register 03h 35 PDAGC| PDBB 0 0 PDC21 | PDC20 | PDC11 | PDC10 | 11111111b
WUP1 ByteO Register 04h 36 W17 |Wwieé |wis5|wi4|wi3|wi2|will]| WwWlLo0 | 11111111b
WUP1 Bytel Register 05h 36 WL F |WLE|WLD|WLC|WLB|WLA | W19 | WwWL8 | 11111111b
WUP2 Byte0 Register 06h 36 W27 [ W26 | W25 | w24 | W23 | w22 | w21 | w20 | 11111111b
WUP2 Bytel Register 07h 36 W2 F | W2_E |W2D|W2C|W2B |W2A | W29 | w28 | 11111111b
Test and Trim Registers| 08h-OEh 36
Timer Register OFh 37 LT1 LTO IT1 ITO ELT X PDP11 | PDP10 | XXXXXXXXb
Flag registers 10h-1Fh 37
Note
Bitsmarked 6 X6 are reserved for future use or device test. Any
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5.1 LF DATA REGISTER

After receiving a full byte from the LF interface it will be stored in the data register.
This register is handled by library function LF_Data_Read, ref. Chapter 8.4.8.

Table 5-4 LF Data Register

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
| RiD7 | RID6 | RID5 | RID4 | RID3 | RID2 | RID1 | RIDO |
RW RW RW RW RW RW RW RW

Address = 00h

5.2 STATUS REGISTER

The bits in the Status Register are used as a wakeup for Power Management, for start/end detection of the active
protocol and for overflow monitoring of the LF and IT timer ticks generating an interrupt.

Table 5-5 Status Register

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| Ltov | TsH | coeT | BiTF | iTov [NBYTE| wuP2 | wup1 |
RE RE RE RE RE RE RE RE

Note Address = 01h
Bits marked O0X6 are not c ouse Angiead dperatiordyieldseas indefineddrestdlitor f ut ur e

LTOV: Overflow of LF Interface Timer tick

TSH: Reactivation after Thermal shutdown

CDET: Carrier detection

BITF: End of active protocol detected (used by library function LF_Data Read)

ITOV: Interval timer overflow

NBYTE: New byte received by active protocol (used by library function LF_Data_ Read)
WUP2: wakeup pattern 2 received, byte reception started

WUPL1: wakeup pattern 1 received, byte reception started

Read/Write access (indicated with R/E in Table 5-5) to the Status Register has a different function than write access to
other RISC Interface registers. By performing a write access to the Status Register the contents of the register can be
reset. Which bit of the Status Register i s reset can be determined by the
RIDR will result in a reset of the corresponding bit (same bit position) in the Status Register (for example: RIDR = 01h,
bit O of status register will be reset).
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53 CONTROL REGISTER

This register is handled by the library functions Thermal_Shutdown_ Enable (ref. 8.4.9), LF_Interface_Control (ref.
8.4.7), LF_Data_Read (ref. 8.4.8) and LF_Interface_On_Off (ref. 8.4.9).

Table 5-6 Control Register

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
[TsHEN| LFen [EncD | coF | x  [swep|wut2 [wuli |
RW RW RW RW RW RW RW RW

Note Address = 02h
Bits marked 6X6 are not connected and reserved for future us

TSHEN: Enables thermal shutdown block. This bit must be cleared during temperature measurements (ref. 8.4.2).
LFEN: Enables LF interface

ENCD: enables carrier detect function, disables LF protocol reception

CDF: indication if carrier is present

SWCD: switches between unmodulated and modulated carrier detection

WULZ2: wakeup 2 pattern length (ref. 5.5)

WUL1: wakeup 1 pattern length (ref. 5.5)

5.4 POWER DOWN REGISTER
This register is handled by the library function LF_Interface_Control, ref. Chapter 8.4.7.

Table 5-7 Power Down Register

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PD PD X X PD PD PD PD
AGC BB c21 C20 Ci11 C10
R/W R/W R/W R/W R/W R/W R/W R/W
Note Address = 03h

The different PD settings disable gain-stages of the preamplifier and the baseband amplifier. Bi t s mar ked 06X06 ar
and reserved for future use. Any read operation yields an undefined result.

Setting of the PDAGC-bit discharges the internal node of the Automatic Gain Control, AGC. This would be necessary
during or after active communication to set the active reception unitintothe@ e f aul t 6 st ate (highes

Setting of PDBB disables gain-stage in baseband amplifier.

The PDCx1 and PDCxO0 are used for LF interface calibration:

Table 5-8 Gains stages

PD PD
Mode
Cx1 Cx0
0 0 All enabled
0 1 3" amplifier in chain disabled
1 0 2" and 3" amplifier in chain disabled
1 1 Whole channel disabled (+bias + rectifier)
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55 WUP REGISTERS

An important part of the LF Telegram is the wakeup ID, ref. Figure 4-5. Two wakeup IDs can be programmed. In
combination with bit 0 and 1 of the Control register (WUL1 and WULZ2), a wakeup ID length from 1 to 17 bits can be
defined. (Most significant bit of t he wakeup Pattern is always defi ned-hitas
wakeup pattern will determine the pattern length.

WUP1 and WUP?2 registers must be written after enabling the LF-circuit since disabling LF will reset the content of the
WUP registers (ref. 8.4.7.)

The wakeup IDs should be defined according to Table 5-9 and Table 5-10.
WUP1 Register

Table 5-9 WUP1 byte0 and bytelregister

Byte 0
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
[wi7[wie|wis|[wia|lwis|[wi2|wii|wio]
RW RW RW RW RW RW RW RW
Address = 04h

Byte 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
[wiF|wie|wip|wic{wie|[wia|lwio|ws]|
R/W R/W R/W R/W R/W R/W R/W R/W
Note Address = 05h
If short reception is required (ref. Chapter84.7) t he | ength is determined by the most

WUP2 Register

Table 5-10 WUP2 byteO and bytelregister

Byte 0
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
(w2 7|w26|w2s|w2alw2s|[w22|w2i|wzo]
RW RW RW RW RW RW RW RW
Address = 06h

Byte 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
[w2 F|wz e|w2p|w2c|w2e|[w2alwzo|was]|
R/W R/W R/W R/W R/W R/W R/W R/W
Note Address = 07h
If short reception is required (ref. Chapter84.7) t he |1 ength is determined by the most

5.6 TEST AND TRIM REGISTERS

These registers (Addresses 08h i OEh) contain trimming information and are not used by the application program.
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5.7 TIMER REGISTER

The Timer Register controls two timers used for generating periodic wakeups; the Interval Timer (ref. 3.5.1) and the LF
Interface Timer (ref. 4.7). A typical application would be to use these two wakeups to turn the LF interface on and off
regularly. The LF Interface Timer is started by the Interval Timer.

The Timer Register also inlcudes two bits for P10 and P11 pull-up / pull-down configuration, PDP10 and PDP11

respectively.

Table 5-11 Timer Register

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
[tra [ tro | m | imo [ e [ x  [popi1|ppPio]
RW RW RW RW RW WO WO WO

Address = OFh
LT: LF Timer control
LTL | LTO Mode
0 0 25ms
0 1 50 ms
1 0 75 ms
1 1 100 ms
IT: Interval Timer control
IT1 ITO Mode
0 0 05s
0 1 1s
1 0 2s
1 1 4s
ELT: Enable LF Timer
ELT Mode
0 LF Timer disabled

LF Timer enabled

PDP10/PDP11: pull-up/pull-down

PDP10/PDP11 Mode

0

P10/P11 connected to pull-up

1

P10/P11 connected to pu

ll-down

5.8 FLAG REGISTER

The Flag Register provides 16 byte of static memory implemented as latches for system state control purposes and
storage of measurement data in the context of averaging successive readings.

The Flag Register has no reset condit
SHUTDOWN mode.

ion and keeps its contents during POWER DOWN mode and THERMAL
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6 MEMORY

The RISC features a separate address space for program and data memory and an independent data bus and
instruction bus structure. Each instruction consists of 16 bit and thus occupies two bytes. The program counter (PC)
addresses the program memory instruction by instruction, which is always aligned to even addresses.

The RISC features byte wise addressing of code data, e.g. for lookup tables.

A monitor program is included that supports application program download and debug (ref. [2]).

6.1 APPLICATION PROGRAM MEMORY

The Application Program Memory is implemented as a 4 kbyte EROM holding the application and customer specific
code. SP300 supports in-circuit programming and debugging. The Application Program Memory is organized
according to Figure 6-1.

PC (byte addr.)

0000h | ] <+— Reset
0002h | ] <+— | NMI, reserved
0004h | i _____ <+— [INT 1, Port10/11
ooosh | o <«— |INT 2, Timer 0
0008h | N <«— |INT 3, ADC
000Ah | i _____ <“— |INT 4, INT4
oooCh | L] “— |INT 5, reserved
000Eh| _____ <+— [INT 6, reserved
0010h i <+— reserved
0012h | L]
Prolgram
Memory
E-ROM
(ROM)
OFFDh [~ T
OFFEh reserved
10Q0h _____ i _____
reserved
3FFEh !

Figure 6-1 Application program memory

Note
Location OFFEh is reserved for device configuration purposes and not available to the application.

After a device wakeup, execution of the application program commences from location 0000h.

The RISC features 7 interrupt vectors. Each interrupt is assigned a fixed location in the Application Program Memory.
The device uses 4 of these 7 interrupt vectors only; the others are reserved.

Interrupt vectors INT1 to INT4 can independently be enabled or disabled. If an interrupt is enabled, an interrupt event
will cause the RISC controller to perform a CALL operation to the corresponding location, where it commences
execution of the Interrupt Service Routine (ISR). For example in case of an INT2 interrupt (Timer 0), program
execution would commence at memory location 0006h. A Jump instruction needs to be placed at the corresponding
location, in order to redirect program execution to the final location of the ISR (interrupt service routine).
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6.1.1 CONTENT OF TWO LAST BYTES OF EROM.

All bytes of the EROM should be programmed, also when the application code size is less than available memory
space. The bytes not in use should be filled up with a defined pattern, and the two last bytes should always be
programmed with ®0AFh& An example for how to do this is shown below.

Code to be included in source:

?PR7?Top_Of_EROM SEGMENT CODE AT OFFEh

ASEG ?PR?Top_Of EROM
dw OAFO0Oh

Hex dump generated in an example program:

:10026800837202F80F4A300A397C842284DB07 0A39
:0E0278000F4B300B397C842384DB070BO0ES31
:020FFEOOO0AF42

:00000001FF

When programming the last two bytes of EROM within RIDE software,t he message fACode | arger
(1 byte i gnor.&hibk)xanbengndrdd, siage thelacations are not used for program execution.

If the EDDC program is used for downloading, t he | ast byte O6AFhd& wildl be ifqnor
VIRGIN or INIT mode respectively. This will affect the second nibble of the signature of the sensor (SX-SS-SS).

NOTE: To avoid lock-ups in field, the device must be put into PROTECT mode once the EROM and EEPROM are
initialized and the debugging is completed.

6.2 FIRMWARE MEMORY

The Firmware Memory is implemented as a 4 kbyte ROM holding a predefined implemented set of library functions
and generic low-level routines for use with the on-chip peripherals that may be called by the application program. The
Firmware Memory space is not visible to the application. The provided functions are called by a dedicated instruction
(SYS) that passes control back to the application program, when completed.

For more firmware description and | ibBary functions see

6.3 DEVICE SPECIFIC MEMORY

The device specific memory is an EEPROM and features 128 bytes that are split into device calibration and
configuration data, stored during device manufacturing (sensor calibration and configuration).

Eight pages (32 bytes) of the device specific memory (pages 00h i 07h) are available for the application program.

6.4 DATA MEMORY

The Data Memory address space is split into a register file (RO to R7), the Program Status Word (PSW), Special
Function Registers (SFR) and User RAM, see Figure 6-2.

DOKO0335 rev.0 -39 - ed. 2010 Mar



A& sensonor USER MANUAL SP300 Series

SP300 Series Pressure Sensors with Embedded Micro Controller

The SFR space enables I/O from/to the peripherals, the transponder interface and EEPROM as well as control of the
interrupt system.

The User segment provides 96 bytes of RAM for data storage for the application program. 32 of these bytes (60h to
7Fh) are directly addressed, and 64 bytes (80h to BFh) are indirectly addressed. The address space from 08h to 11h
are reserved for internal RISC usage. The library functions have reserved the memory space from 40h to 5Fh. This
area may however be used by the application program as a scratch area between library function calls.

The memory is disconnected from the supply voltage in POWER DOWN mode and thus volatile. Application data and
flags required to be stored during POWER DOWN mode need to be placed in the Flag Register, see section 6.5.

R T
Register File
oth | F R _7____
08h
Reserved
2
Qo H
of &
ol & 12 SFR
8 B 3Fh
Sl £ a4on
°© e Reserved
2 5Fh
2 60h
User
x___TFh
80h
User
BFh
COh For Future
Extension
Y _______FFh

Figure 6-2 Data memory

6.4.1 PROGRAM STATUS WORD, PSW

The Program Status Word (PSW) contains several status flags that reflect the current state of the RISC. The PSW
resides in the data memory and contains the Carry flag, Half-carry flag for BCD operations and the Overflow flag for
signed operations, see Table 6-1.

Table 6-1 Program Status Word, PSW

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| c | H |ov]|] x | co| Ho| ove x |

Note Address = 12h
Bits marked O6X06 are not connect ed aiordyieldseas undefineddresfltor f utur e wus

The Carry flag C and the Half-carry flag H serve as carry bit in arithmetic operations. The Carry flag receives a carry
out from bit 7 of arithmetic operations while the Half-carry flag does for bit 3 of ALU operations. The Carry flag also
serves as an fiAccumul atorid bit for a number of Bool ean c

The Overflow Flag, OV serves the function of an overflow during signed arithmetic operations. The overflow flag is set
if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6. Otherwise OV is cleared.
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The flags are | ocated in the most significant nibbl e. T
time to save and/or restore the actual flag status by a SWAP instruction.

6.4.2 CALL STACK

The RISC incorporates a stack which is used to store the return addresses during subroutine calls and during interrupt
services. The stack is mapped into the Data Memory and organized in 16-bit words, i.e. each stack entry occupies two
bytes of Data Memory. The stack is aligned to even byte addresses.

The Stack Pointer SP is defined by Special Function Register as shown in Table 6-2. Since the stack is aligned to
even addresses, bit 0 of SP is not implemented and internal | y substituted with 606 duri

Table 6-2 Stack Pointer, SP
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
| sp7 | spe | sp5 [spa| sp3 | sp2 | sp1 | x |
RW RW RW RW RW RW RW RO

Note Address = 13h

Bits marked 6X6 are not connected and reserved for future us

I nstructions/ events which perform a fiPusho on the stack
pointer by 2 befor e st oring program address to the resaurlddemeamgt @)dda
in Table 6-3. For an interrupt event, also the three status bits of the PSW register (ref. 6.4.1) will be stored together

with the program address. Note that bit O of the program counter (PC) is always zero.

Table 6-3 Organization of stack entry

at address SP-2 (even address)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
| pcs | pc7 | pce | Pcs | pca | pcs | pc2 | pet |

at address SP-1 (odd address)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
| C | H | ov |PC13|PC12|PC11|PC10| ch|

I nstructions that perform a fipopd oper at i oner $PRHEERtlY RIS | )
to, and retrieve the address from that location in the Data Memory. The RETI instruction will additionally retrieve the
saved PSW contents (C, H and OV flags). -iThlce e nitsd)i.ncr en

The PSW is pushed upon an interrupt service and restored again by the RETI instruction, which shortens the
execution time of the interrupt service routine.

Size and location of the stack within the Data Memory are fully determined by the application program by programming

an initial value to the stack point edec(rSePme ntnomecdo nacteepty t:
the address of the fAtop mostodo stack entry, plus 2. The
Stack depth for each library function is given in Chapter 8.

The reset value of the stack pointer is COh, which places the beginning of the stack at the end of available memory.
The first pushed address will thus be stored at addresses BEh and BFh in RAM. If desired, the application may
initialize the SP with a new start value immediately after reset.

DOKO0335 rev.0 -41 - ed. 2010 Mar



pes _
A& sensonor USER MANUAL SP300 Series

SP300 Series Pressure Sensors with Embedded Micro Controller

6.4.3 SPECIAL FUNCTION REGISTERS, SFR

A set of Special Function Register, SFR, is provided to enable access to the peripherals and to control operation of the
interrupt system and power management. Table 2-2 in Chapter 2.4 provides a comprehensive overview of the SFR
organisation and their corresponding values after a device reset.

6.5 FLAG REGISTER
Ref. 5.8.
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7 BOOT SEQUENCE AND MONITOR MODE

7.1 BOOT SEQUENCE

After any device wakeup or Restart, the program execution starts with the ROM based boot routine. The boot routine
executes a sequence of instructions that calibrate the oscillators, LF bias and VMIN circuits of the device and
subsequently invoke the application program or the monitor program.

The boot sequence is further described in [2].

7.2  IN-CIRCUIT MONITOR AND DOWNLOAD ROUTINE

If activated, the firmware operates the in-circuit monitor and download interface, which features communication via a
serial interface (MSDA/MSCL), in order to provide means for EROM and EEPROM initialization and to monitor and
manipulate the embedded peripherals in the context of system debugging.

The monitor interface is further described in [2].
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8 LIBRARY FUNCTIONS

8.1 FUNCTION INTERFACE DEFINITION

Figure 8-1 shows the default assignment of the parameters and return values to the corresponding registers, flags and
RAM locations at the interface to the library function. Before the particular library function is called, the parameters and
optionally the RAM have to be initialized by the application program.

Input Output
Function

code —>{ R4 [—
_ Return
1-bit Carry L _> value

Parameter Flag
—> Return
_’
Parameters { R7 \(/g:)lﬁ
bl —» R6 Library '
ointer to F ;
nction
RAM — RO unctio
—» R3
Parameters
—» R2
Data —W RAM > . RAM —» Data
@RO @RO

Figure 8-1 Function interface definition

8.2 STATUSBYTE

For several functions a status byte is returned in R4. The following convention applies:

3= ©K or not tested

T o6
T 616 = Faul't or error detected

All functions except EEPROM functions (ref. Table 8-2) use the following definition for Status byte:

Table 8-1 Status byte definition

Bit Definition Note
0 Overflow or underflow in compensated measurement 1,2
1 Low supply voltage. This bit indicates if the supply voltage is below the VMIN threshold during ADC conversion.

2 Sensor fault. This bit indicates broken accelerometer or broken bond wire between ASIC and sensor 3
3 EEPROM error. This bit indicates parity error in calibration coefficients read from EEPROM.

4 Reserved

5 Reserved

6 This bit is set if the Thermal_Shutdown_Enable function is called at too low temperature.

7 Reserved

1. BitOis setif compensated value is saturated at min or max value
2. For some library revisions, also ADC overflow/underflow is detected (ref. 11.2.2)
3. Tested if accelerometer is available
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8.3 FUNCTION CALL

The functions included in this chapter can easily be accessed by the application programs, as shown in Figure 8-2.

EROM

ROM

Initialisation of function
code, parameters and
RAM

v

SYS call

SW Interrupt

SR

Dispatch function
é

v

Application program
(continued)

RETI
|

xcall

Jump table

Jmp Lib_Funct.

!

Library function
é

RET

Figure 8-2 ROM library access mechanism

First the function parameters and optionally the RAM have to be initialized by the application program, then a SYS
instruction has to be executed. The SYS instruction generates an interrupt, which disables the EROM and enables the
execution of the desired function in ROM. During execution, the library function stores the defined return values in
registers and optionally in RAM. The execution of the ROM library function is finished by a RETI instruction. After this,

the application program commences in EROM.

Note that the execution of ROM library functions is not interruptible (EA flag is cleared and NMI is inhibited). Moreover,

the ROM functions have full access to the device including its peripherals (e.g. the EEPROM).
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8.4 FUNCTIONS

Table 8-2 Overview of general library functions

FUNCTION
NAME CODE DESCRIPTION REF
Sensor Measurements
Meas_Sensor 32h Measure pressure or acceleration 8.4.1
Meas_Temperature_Vdd 2Ch Measure temperature 8.4.2
Meas_Supply_Voltage 16h Measure supply voltage 8.4.3
Start_Offset_Voltage 34h Start supply voltage offset measurement 8.4.4
Start_Supply_Voltage 18h Start supply voltage measurement 8.4.5
Get_Supply_Voltage 1Ah Complete supply voltage measurement 8.4.6
LF interface control
LF_Interface_Control 2Eh LF Interface on/off 8.4.7
LF_Data Read 1Eh LF Data Read 8.4.8
LF_Interface_On_Off 1Ch LF Interface on/off, incl. calibration of carrier detection threshold 8.4.9
Miscellaneous
Thermal_Shutdown_Enable 20h Enable Thermal Shutdown mode 8.4.10
Multiply_Signed_16 28h 16x16 signed multiplication 8.4.11
Get_Library_Rev 2Ah Get library revision 8.4.12
CRC8_Calc 22h CRC-8 8.4.13
Signature_Test 24h Signature test of program memory 8.4.14
Read_ID 26h Read Serial Number 8.4.15
IDLE 7Ch Enters IDLE mode and returns after an enabled interrupt has occurred 8.4.16
EEPROM
EE_Read 48h Reads a string of bits from the EEPROM 8.4.17
EE_Read_W_Parity 46h Reads a string of bits from the EEPROM, incl. Parity check 8.4.18
EE_Write_Ext 52h Programs a string of bits into an EEPROM page 8.4.19

The following sections describe each library function in more details.

Not e:

AfRegisters

the value is changed during function execution. Output registers are not listed.

af f ect e d ogedHy theMibrarywfanctiorh Inputeegistesstaee tisted rene &
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8.4.1 MEAS_SENSOR

Description: This function performs a sensor measurement on specified channel and with specified resolution. By

Remarks:

Inputs:

Outputs:

RAM:

Registers affected:
Stack depth:

Execution time:

specifying sensor type (pressure or acceleration), the function selects correct sensor check and calibration
coefficients. The result is calibrated and compensated for sensitivity, offset and temperature. The output
format is described in Chapter 10.

The pressure or acceleration raw data is the ADC result normalized to 12-bit resolution (right-adjusted).
The value is represented as a 16-bit signed number.

R4 Function code, ref. Table 8-2

R2 Compensated temperature data low byte, ref. 8.4.2

R3 Compensated temperature data high byte, ref. 8.4.2

R6 ADC resolution, ref. Table 8-3

R7 LNA gain, sensor type and sensor channel, ref. Table 8-5
R4 Status byte, ref. 8.2. (Bits 0, 1, 2 and 3 affected)

RO Pointer to return values placed in RAM

@RO Compensated pressure/acceleration low byte

@RO+1 Compensated pressure/acceleration high byte
@RO+2  Pressure/acceleration raw data low byte
@RO0+3  Pressure/acceleration raw data high byte

R2, R3, R5, R6, R7
8 bytes

Execution time for this function is given by ADC resolution and puC clock frequency, ref. Table 8-4. Worst
case values are used for data dependent calculation time.

Table 8-3 Contents of R6 for Meas_Sensor Table 8-4 Execution time for Meas_Sensor
Reso_lution R6 Resolution Max Execution time [ms] given by pC clock frequency
[bits] [bits] 2MHz | 1MHz | 500kHz | 250 kHz | 125 kHz

5 0000 0000 5 1,5 2.6 47 9,1 17,8
6 0000 0001 6 1,5 2,6 4.8 9,1 17,8
7 0000 0010 7 1,6 2,7 4,8 9,2 17,9
8 0000 0011 8 1,7 2,8 5,0 9,3 17,9
9 0000 0100 9 2,0 31 52 9,6 18,2
10 0000 0101 10 2,6 3,7 58 10,1 18,7
11 00000110 11 3.8 4,8 6,9 11,2 19,8
12 00000111 12 6,3 7.4 9,5 13,7 22,1

Table 8-5 Contents of R7 for Meas_Sensor

Product Pressure Acceleration
SP300-0.5(T) 90h X
SP300-1(T) 91h X
SP300-2(T) 51h X
SP300-7(T) AOh X
SP300-7A(T) AOh 93h
SP300-16A 50h 93h
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