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1 Control Logic

1.1 General Description

The control logic of the ZSSC3170 consists of the calibration microcontroller (CMC), the module control logic of
the analog-to-digital converter (ADC), and serial digital Interface. The configuration of the various modes of the
device is done by programming an EEPROM.

The CMC controls the measurement cycle and performs the calculations for sensor signal conditioning. This
eliminates the gain deviation, the offset, the temperature deviation, and the non-linearity of the pre-amplified and
A/D-converted sensor signal. The controller of the A/D conversion is started by the CMC and executed as a
continuous measurement cycle. The conditioning calculation by the CMC is performed in parallel with the A/D
conversion.

An external microcontroller can read the sensor signal conditioning results from the ZSSC3170 via the LIN
interface. PWM output is also available.

Communication between an external microcontroller and the sensor system consisting of the transducer and the
ZSSC3170, especially for calibration purposes, is done via serial digital interfaces. Communication protocols
according to the LIN and I°C standards are supported. During calibration, the CMC performs internal processing
of received interface commands. As a result, the measurement cycle is interrupted if a command is received.

1.2 CMC Description

The calibration microcontroller (CMC) is especially adapted to the tasks connected with the signal conditioning.
The main features are as follows:

e The microcontroller uses 16-bit processing width, and it is programmed via ROM.
¢ A watchdog timer controls the proper operation of the microcontroller.

¢ Constants/coefficients for the conditioning calculation are stored in the EEPROM. The EEPROM is mirrored
to the RAM after power-on or after re-initialization from EEPROM by sending a specific command to the
serial interface.

e Parity is checked continuously during every read from RAM. If incorrect data is detected, the Diagnostic
Mode is activated (error code is written to the serial digital output).

1.3 General Working Modes
ZSSC3170 supports three separate working modes:
¢ Normal Operation Mode (NOM)

e Command Mode (CM)
¢ Diagnostic Mode (DM)

© 2019 Renesas Electronics Corporation 4 May 16, 2016
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131 Normal Operation Mode (NOM)

After power-on, the ZSSC3170 completes an initialization routine during which the EEPROM is mirrored to RAM
and the content is checked against a stored signature. If enabled, a ROM signature check is processed (see
Table 7.6). If any error is detected, the Diagnostic Mode is activated. Otherwise the configuration of the
ZSSC3170 is set, serial digital interfaces are enabled, and Normal Operation Mode is started.

In LIN mode, LIN communication is always available. This is used for reading the sensor signal using a publisher
frame or for end-of-line configuration and calibration using transport layer services. For details, see section 4.

In PWM mode, a start window of 30ms (nominal) is opened. During the start window, both PWM pins are set to
the recessive level and the device can receive LIN frames via both pins. To activate the Command Mode for end-
of-line configuration and calibration, use the transport layer service Data-Dump (see section 4.6.8) to transmit the
START_CM command. If this command is received, NOM is stopped and the ZSSC3170 waits for further
commands. If no valid START_CM command is received during the PWM start window, the ZSSC3170 continues
normal operation (NOM).

In NOM, the continuous measurement cycle and conditioning calculations are processed. Bridge sensor and
temperature signal conditioning results are frequently refreshed. The conditioning results can be read via the
serial digital interfaces (LIN or IZC), or they can generate a PWM output. Read out of the conditioning result via
LIN or I°C does not interrupt the continuous processing of the signal measurement and conditioning routine.

1.3.2 Command Mode (CM)

The CM start command START_CM generates an interrupt to the NOM, which stops the measurement cycle. The
ZSSC3170 changes to CM only after receiving the START_CM command via the digital serial interface (LIN or
IZC). This protects the ZSSC3170 against interruption of processing during NOM (continuous signal conditioning
mode) and/or unintentional changes of configuration. In CM, the full set of commands is supported (see section
6.1).

If the ZSSC3170 receives a command other than START_CM in NOM, it is not valid. In this case, the invalid
command is ignored and no interrupt to the continuous measurement cycle is generated.

In CM, the full command set is enabled for processing. During processing of a received command, the serial
interfaces are disabled; no further commands are recognized. After finishing the processing, the CMC waits for
further commands or processes loops continuously (e.g. after measurement commands).

Figure 1.1 Modes of Digital Serial Communication

Normal Operation Mode
Command START_CM Command Mode
I°C read-out >
LIN read-out and transport layer Full command set
PWM output

EEPROM programming is only enabled after receiving the EEP_WRITE_EN command (see section 6.1).
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In LIN mode, it is always possible to change to Command Mode via transport layer communication (see section
4.5), but this is not intended to use in a running cluster during the application.

In PWM mode, the START_CM command must be transmitted during the start window (nominal 30ms). After the
start window has expired, it is not possible to communicate with the ZSSC3170 via its PWM pins.

In I°C mode, starting the CM via 1°C communication (pins SCL, SDA) is possible at any time.

1.3.3 Diagnostic Mode (DM)
The ZSSC3170 detects various failures. When a failure is detected, Diagnostic Mode (DM) is activated.

In LIN mode, the DM is indicated by error flags contained in the LIN signal that is transmitted when responding
with a publisher frame in NOM. Thus every read-out of the bridge sensor signal and temperature is paired with
failure status information. See section 4.4 for a detailed description of the LIN status information.

In PWM mode, the DM is indicated by output of the recessive state (i.e., PWM output is in the high impedance
state). Note that the recessive level depends on the selected PWM output driver. The low-side switch (LSS, which
is selected by setting CFGAPP:PWMMODE to 0) requires an external pull-up resistor for generating high levels,
so the LOUT pin remains HIGH in DM. The high-side switch (HSS, which is selected by setting
CFGAPP:PWMMODE to 1) requires an external pull-down resistor for generating low levels so the HOUT pin
remains LOW in DM.*

During DM, LIN communication is possible via all output pins (LIN, HOUT, LOUT). This ensures that a
non-configured device is accessible via LIN for end-of-line configuration. Transport layer service
Read-by-ldentifier-32 (see section 4.6.3 and Table 4.7) returns an error code specifying the reason for DM
activation. Error codes are listed in Table 1.1. Error codes can also be read out via I°C during DM using the
command GET_ERR_STATUS.

Note that error detection functionality can be partly enabled/disabled by configuration word CFGSF (e.g. sensor
connection check, sensor short check, sensor aging check, ROM check, etc.; see Table 7.6).

There are three options for Diagnostic Mode:

e Steady Diagnostic Mode

In steady DM, the measurement cycle is stopped and failure notification is activated. If enabled, a reset after
the time-out of a watchdog is executed.

e Temporary Diagnostic Mode

There is a failure counting sequence that can result in a temporary DM. DM is activated after two consecutively
detected failure events and is deactivated after a failure counter counts down if the failure condition is no
longer detected. The measurement cycle is continuously processed.

e Power and Ground Loss

Power and ground loss cases are signaled by interrupting the communication/data stream at the output.
Output pins are set to high-impedance states. The output level is determined by the external load.

* This function is valid for ZSSC3170 silicon revisions > F. Note that the previous revision “E” does not provide the Sensor Connection Check
(SCC) or Sensor Short Check (SSC) diagnostics functionality.
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134

Failsafe Tasks and Error Codes

Note: Error codes can be bitwise ORed. MSB is even parity. The reset after the watchdog timeout overwrites previously

detected errors.

Table 1.1  Error Detection Functionality and Error Codes
. . Messaging Error s .
Failsafe Task Description Time Code Activation Action
. . Oscillator is observed generating clock Temporary
Ceeilizien =l pulses by an asynchronous timing logic < 200us ) ) DM
. CMC ROM signature check CFGSF:
ROM Signature Start-u 6500
2 LIN controller ROM signature check P CHKROM
EEPROM Detection of non-correctable multiple-bit : ) Steady DM
Multiple-Bit Error error per 16-bit word Start-up 6440 y
EEPROM Signature check for RAM mirror of
Signature EEPROM content Start-up 6600 |-
Watchdog time-out during start-up routine
(number of clock cycles after power-on: Start 2
el 262144 if CFGAPP:ADCSLOW is et 6402 |
9 disabled (see Table 7.5); 524288 if fres 6420 Steady DM
ADCSLOW is enabled) or measurement or
cycle (2 x conversion cycle time) reset after
6404 watchdog
RAM Parity Parity check at every RAM access Immediately - time-out
6408 (enabled by
P itv check of f' ) CFGAPP:
Register Parity ermanent parity check of configuration Immediately 6410 |- DMRES)
registers
Arithmetic Check Functional check of arithmetic unit One measure- 6480 -
ment cycle
1) CFGSF:
SSC Sensor short check A820 CHKSSC
1) . CFGSF:
SCC Sensor connection check A840 CHKSCC
. Two measure- CFGSF: Temporary
SAC Sensor aging check ment cycles A880 CHKSAC DM
. CFGSF:
BCC Broken chip check AA00 CHKBCC
Temperature Out-of- Detection of ADC range overflow for €900 CFGSF:
Range Check temperature measurement CHKOOR
Power & Ground Loss | Power and ground loss detection <b5ms - - Reset

switch enabled.

1) Note: For ZSSC3170 revisions <E, there is no diagnostic functionality in PWM Mode with the low-side or high-side
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1.35 Temperature Out-Of-Range Check
The temperature out-of-range check detects whether the ADC dynamic range has been exceeded during the

: . e r .
temperature measurement. The signal raw value is checked if it is equal to 0 or (2 ADC 1). This can result from
various causes: the external temperature sensor is unconnected; the analog temperature input channel is not
sufficiently adjusted; or the input signal is out of the ADC range.

© 2019 Renesas Electronics Corporation 8 May 16, 2016
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2 Signal Conditioning

2.1 A/D Conversion

During NOM, the analog preconditioned sensor signal is continuously converted from analog to digital. The A/D
conversion has a resolution rapc of 13-bit or 14-bit, as set by configuration word CFGAFE:ADCRES, and it is
performed in the two-step conversion mode. It is configurable for the inherent range shift rsypc by the
configuration word CFGAFE:ADCRS. The resolution for the A/D conversion is equal for all measurements in the
measurement cycle (e.g., input voltage, temperature, auto-zero, etc.). The measured digital raw values (e.g.,
bridge sensor signal, temperature) are determined by the following equations:

= Analog differential input voltage to A/D
conversion

Measured value V\y_pier to be conditioned:

VADCfDIFF =ay 'VINiDIFF +ayzc 'szc

= Digital raw A/D conversion results

Vv +V,
Zooe = 2moC AD(\:/_DIFF OFF 1S poe
ADC _REF

= Auto-zero value
V.
Zyy =27 | ——COF— 4TS e
VADC_REF

= Auto-zero corrected raw A/D conversion result

\Y
_ _ _ ofaoc | Y ADC_DIFF
Zoorr =Znoc = Znz =2 'V

ADC _REF

Vin_piFr

Vorr

Vxzc

anN

axzc

Vaoc piFr

Vapc Rrer

F'apc

ISapc

Differential input voltage to analog front end
Residual offset voltage of analog front end
(which is eliminated by the Zxpc — Zaz
difference calculation)

Extended zero compensation voltage
(programmable via CFGAFE:PXZC)

Gain of analog front end for differential
input voltage

Gain for extended zero compensation
voltage

Differential input voltage to ADC

ADC reference voltage (ratiometric
reference for measurement)

Resolution of A/D conversion (13/14-bit)
Range shift of A/D conversion

Bridge Sensor Measurement: ¥z, ¥4, /s, '/16
Temperature Measurement: %

© 2019 Renesas Electronics Corporation
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2.2 Bridge Sensor Signal Conditioning Formula

The digital raw value Zp corr for the measured bridge sensor signal is further processed with the conditioning
formula to remove offset and temperature dependency and to compensate non-linearity up to 3rd order. The
signal conditioning equation is processed by the CMC and is defined as follows:

= Range definition of inputs r'apc Resolution of A/D conversion
(13 or 14-bit)
Zpcorr € [— 21ec; 2toe ) Zrcorr Raw A/D conversion result for
i bridge sensor signal
Zer corr € [ — 2w 2 ) (auto-zero compensated)
Zctcorr  Raw A/D conversion result for
L ) calibration temperature
= Conditioning Equations (auto-zero compensated)
y - Zcom +Co * 270 e, 7o com +2720 Y oy 28 comm P Conditioned bridge sensor signal
C + 2 (e “Cg 'ZCT,CORR +270oe "Gy 'ZéT,CORR result
Conditioning coefficients stored in
Ye [ 0;1) EEPROM registers 0 to 7:
c e [-2™; 2"), two’s complement
Co Bridge offset
P=y.-(1-2%.c,-2% .¢;)+2® .c,-Y?+2 .c, .Y? Cy Gain
(o) Non-linearity correction 2" order
Pef01) Cs Non-linearity correction 3" order
Cy 1% order temperature coefficient
correcting bridge offset
Cs 2" order temperature coefficient
correcting bridge offset
Cs 1* order temperature coefficient
correcting bridge gain
Cy 2" order temperature coefficient
correcting bridge gain

The first equation above compensates the offset and fits the gain including its temperature dependence. The non-
linearity is then corrected for the intermediate result Y. The result of these equations is a hon-negative value P for
the measured bridge sensor signal in the range [0; 1).

Note that the conditioning coefficients c; are positive or negative values in two’s complement.
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2.3 Digital Bridge Sensor Signal Filter Function
The ZSSC3170 offers a digital (averaging) filter function for the bridge sensor signal output in NOM.

The filter can be parameterized using two coefficients — the integrating coefficient CFGSF:PAVRG and the
differential coefficient CFGSF:PDIFF (see Table 7.6). The filter function is implemented as follows:

= Digital Filter Function

PDIFF +1 . P Conditioned bridge sensor signal result
Pouri =Pour,ia + (Pi - POUT,i—l)' ToPARG >0 | (see section 2.2)
with PAVRG, PDIFF ¢ [0; 7] Pour, Filtered output result
Pour: €[ 0:1) PAVRG Averaging filter coefficient

PDIFF Differential filter coefficient

The result of the filter function is a non-negative value Poyt for the measured bridge sensor signal in the range
[0; 1). This value Poyr is used for generating the continuously written output value during the measurement cycle.

Note that the first output value Poyr is set equal to Py.

Note that setting both of the coefficients CFGSF:PAVRG and CFGSF:PDIFF to 0 disables the filter function.

2.4 Temperature Conditioning Formula

Output of the temperature value is only available in LIN mode. The digital raw value Zyr corr for the measured
temperature is processed with the conditioning formula to remove offset and to compensate non-linearity up to 2"
order. The signal conditioning equation is processed by the CMC and is defined as follows:

= Range definition of inputs r'abc Resolution of A/D conversion
(13/14-hit)
rapc—1. orapc-1
Zyr corr € [ —2reeT 2mee ) Zutcorr Raw A/D conversion result for

temperature (auto-zero compensated)

= Conditioning Equations Conditioning coefficients stored in

Y. - Zyrcorr 1o Y, e [ o 1) EEPROM registers 8 to 10
4 t e [-2'%; 2", two’s complement.
T=Y; ~(1— 2" -t2)+ 2751, Y7 Te[01) to Temperature offset
ty Temperature gain
t, Temperature non-linearity correction
2" order

The first equation above compensates the offset and fits the gain. The non-linearity is then corrected for the
intermediate result Y1. The result of these equations is a non-negative value T for the measured temperature in
the range [0; 1). This value T is used for generating the continuously written output value during the measurement
cycle.

Note that the conditioning coefficients t; are positive or negative values in two’s complement.
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3 Digital PWM Output

Digital output via the PWM interface is processed with a bridge sensor signal value that is at least 11 bits.
Temperature information is not available in PWM mode.

The PWM output is synchronized to the measurement cycle. The PWM period is an even-numbered multiple of
the A/D conversion time. Consequently the PWM resolution depends on the selected A/D conversion. PWMgg, is
the maximum PWM output value. The PWM period depends on the resolution and LSB length and can be
balanced by adjusting the frequency of internal oscillator fosc (see section 6.4).

Table 3.1 PWM Configuration

A/D conversion PWM
Resolution Order Mode ngll\;lmon LSB @f Pe_”gdgMHz
CFGAFE:ADCRES | CFGAFE:ADCORD | CFGAFE:ADCMODE st (in 1ffosc) osc = =
(in LSB) (in ms)

2 4480 8 19.9

» ste 3 4864 4 10.8

14 P 4 5632 2 6.3

5 7168 1 4.0

1 step - 8448 8 37.5

2 2432 8 10.8

3 2816 4 6.3

2 step

13 4 3584 2 4.0

5 5120 1 2.8

1 step - 4352 8 19.3

The bridge sensor signal output value Poyr € [0; 1) is normalized to the PWM period.

Figure 3.1 PWM Output Characteristics

PWM
A
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PWM output range
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The following sequence of normalization, limitation, hysteresis, and noise suppression is processed (see Table
7.1 for settings for PWMMIN, PWMMAX, LPOFF, LPON, PWMOFF, and ZMIN).

= PWM Output Function Pout Bridge sensor signal output value
(see section 2.2)

PWMgs. PWM resolution (see Table 3.1)
depending on A/D conversion setup

Poww = Pour -PWMgg  With Pop; €[ 0;2)

= Limitation (clipping)

Powm Normalized PWM bridge sensor

PVVMO(PPWM < [PWMMIN; PWM,ax D = Powm signal output

PWMO(PPWM > PWMyax ) = PWMax

PWMo (P < PWMyy) = PWM PWMyn Lower PWM output value (PWMMIN)
= Hysteresis PWMuax Upper PWM output value (PWMMAX)

PWM (PWMO < LPOFF): PWM,,. PWMq I(;LT;;tlid PWM bridge sensor signal

PWM(PWM = PWM,. & PWM, >LP,, )=PWM,
= Noise Suppression LPorr Low brldge sensor Signal

_ o off value (LPOFF)
The switch between the characteristic curve and PWMOFF LPoy Low bridge sensor signal

(in both directions) is processed only after a number of

discrete result values PWM, complying with hysteresis on value (LPON)
conditions. PWMorr PWM off output value (PWMOFF)

PWM PWM bridge sensor signal output

ZMIN Number of bridge sensor signal
measurements for switch on/off noise
suppression (ZMIN)

Note that limitation can be disabled by setting PWMMIN to 0 and setting PWMMAX to greater than or equal to the
PWM tick count for the application.

Note that hysteresis can be disabled by setting LPorr to a value less than or equal to PWMMIN or by setting
ZMIN to 0.

Note that noise suppression can be disabled by setting Zy to 1.

Note: LIN Sleep Mode must be disabled for proper PWM operation.
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4  Digital LIN Interface

4.1 General Description

The ZSSC3170 includes a serial digital LIN interface. It allows the programming of the EEPROM to configure the
application mode and to calibrate the sensor signal conditioning. During normal operation, it provides the read-out
of the conditioned sensor signal and the temperature measurement.

The LIN interface implemented in the ZSSC3170 is based on the LIN Specification Package 2.1 (2006-11-24),
Package 2.0 (2003-09-23), and LIN 2.1 Specification Errata Sheet (Revision 1.3, (2009-04-02).

For compatibility reasons, it includes a mode based on LIN Specification Package 1.3 (2002-12-13).
The ZSSC3170 always works as a LIN slave node.

The LIN interface is conceptually divided into two main parts: the LIN Protocol Controller and the LIN Physical
Transceiver. This section describes the functionality of the LIN Protocol Controller. For the LIN Physical
Transceiver, see the ZSSC3170 LIN Interface Description.

The ZSSC3170 LIN interface supports the following features:

e Single-wire LIN transceiver implementation

e Compatibility with LIN specification package 2.1, 2.0 and 1.3
e Bit rates: 1kbit/s up to 20kbit/s

e Fast mode with bit rates up to 80kbit/s

¢ Signal-based application interaction

e Re-configurability

e Transport layer and diagnostic support

e Sleep mode

e Protection against short circuits on the supply and ground
e LIN pin load dump protection (40V)

e LIN pin ESD protection 8kV

4.2 LIN Protocol

42.1 Frame

The entities that are transferred on the LIN bus are referred to as frames. The ZSSC3170 LIN publisher frame
consists of a break field, a sync byte field, a protected identifier, 4 data bytes, and a checksum. This results in a
publisher frame with a nominal length of 84 bit times (tg;t). The break field, sync byte field, and protected identifier
are also called the header. The data bytes and checksum are called the response.
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4.2.2 Bit Rate

The supported LIN bit rate is specified in the range of 1kbit/s to 20kbit/s. The two preferred bit rates are 9.6kbit/s
and 19.2kbit/s, especially for starting communication with a non-configured device. A fast mode is also supported
with a bit rate up to 80kbit/s. This can be enabled by the command LIN_FAST.

4.2.3 Synchronization

Synchronization is adjusted with the sync byte field of every LIN frame. The full bit rate in LIN mode is ensured for
internal oscillator frequencies adjusted to be in the range of 1.5 to 3MHz.

Oscillator frequency adjustment can be performed using the synchronization result of the LIN interface (see
section 6.4).

The precision of the internal oscillator guarantees synchronization between master and slave better than or equal
to £1%. The slave synchronizes to the sync byte field and triggers every new byte field with the falling edge of the
start bit. As a result, the maximum deviation between master and slave within each byte field is less than or equal
to £10% according to the master clock time.

424 Bit Sampling

A byte field is synchronized at the falling edge of the start bit. There are two possible bit sampling modes,
selected via CFGLIN:LINSMPL. A bit is evaluated either with 3 samples within a window between 7/16 and 9/16
of bit time or with 5 samples within a window between 6/16 and 10/16 of bit time. The preferred sampling mode is
3 samples per bit. The bit data is determined by the bit sample majority.

4.2.5 Protected Identifier (PID)

The protected identifier byte field consists of an identifier (6LSB) and parity bits (2MSB). The protected identifiers
are used for signal-carrying publisher frames during NOM. These transmit 4 data byte fields carrying the
transmitted signal containing bridge sensor signal and temperature result values and status information.

The publisher PID is programmed in EEPROM with 8 bits and is valid if the EEPROM signature is valid. Note: PID
parity information is not checked. It can be changed by transport layer communication even in normal operation.

The ZSSC3170 supports transport layer communication using reserved identifiers 60 (PID 3Cpex) and 61
(PID 7Dnex). A non-configured device due to an invalid EEPROM signature subscribes and publishes only to
transport layer frames. This must be used to define a valid configuration. See section 4.5 for details. Transport
layer frames contain 8 data byte fields.

4.2.6 Checksum

The checksum is defined as the inverted 8-bit sum with carry. It is calculated including all data bytes (classic
checksum) or including all data bytes and the protected identifier (enhanced checksum). The classic checksum is
used for publisher frames according to LIN 1.3 and for transport layer frames. The enhanced checksum is used
for publisher frames according to LIN 2.1 and LIN 2.0. The checksum type is selected via CFGLIN:LINMODE.

Commands received via master request frame are only processed if a valid checksum is detected.
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4.3 LIN Publisher Frame — Normal Operation Mode (NOM)

During NOM, LIN communication is used to read out the conditioned bridge sensor and temperature sensor sig-
nal. Therefore the LIN master initiates a publisher frame by generating the header. The response is published by
the ZSSC3170 slave node. The publisher PIDs are programmed in EEPROM register 18,ex. NOM requires that
the ZSSC3170 is configured (i.e., the EEPROM signature is valid).

There are several signal formats for publisher frames according to PID1 configured by CFGLIN:LINCFGFRM. The
publisher frame according to PID2 has a fixed format and can be used specifically to read 15-bit raw
measurement values during calibration.

Figure 4.1 LIN Publisher Frame

Bit 0 Bit 31
LSB Signal Carrying Data Bytes MSB
Byte Field Header Data Byte O Data Byte 1 Data Byte 2 Data Byte 3 Checksum
Frame O Includes Bridge sensor signal Temperature Error | Variant Enhanced
NOM Publisher PID1 status ID or
LSB  (12-bit)y MSB | LSB  (12-bit) MSB | (4-bit) | (4-bit) alzlE
Frame 1 Includes Bridge sensor signal Temperature § Variant Enhanced
Publisher PID1 2 ID or
NOM g classic
LSB  (12-bit) MSB |LSB (10-bit)y MSB| 2 (8-bit)
th.l
Frame 2 Includes Bridge sensor signal Temperature Error Variant Enhanced
Publisher PID1 status ID or
NOM classic
LSB  (12-bit) MSB |LSB (8-bit) Mg (4-bit) (8-bit) SS!
Frame 3 Includes Bridge sensor signal Temperature Error Variant Enhanced
Publisher PID1 status ID or
NOM classic
LSB  (11-bit) MSB|LSB (9-bit) MSB| (4-bit) (8-bit) SS!
Frame 4 Includes Bridge sensor signal S Temperature S @ Enhanced
NOM Publisher PID2 é % % | or i
LSB (14-bit) MSB % |LSB  (13-biy MSB| 7 | g classic
S S | §
@ @ 7y
o - &
Frame 5 Ir)cludes ’Raw value 1 0000Kex 1 § Enhanced
cM Publisher PID2 (two’s complement) g or
. bt classic
LSB (15-bit) MSB | (1) |LsB (14-bit) msB| (D) | 3
5
3
@
Master Slave
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Signals, including the bridge sensor and temperature values, are sent with LSB first.

Bridge sensor and temperature values are limited to the values stored in EEPROM address OBuex t0 ODpex.
Limitation is always based on the 12-bit internal values independent of the actual resolution of the values output in
the frame.

Error notification is transmitted with up to 4 status bits. See section 4.4 for a description. Bridge sensor and
temperature values are transmitted even if an error status bit is set. Error status must be evaluated by the LIN
master to assess the validity of bridge sensor and temperature values.

The variant ID is stored in EEPROM register 16yex (low byte).

The enhanced checksum is used in LIN mode 2.0/2.1, and the classic checksum is used in LIN mode 1.3.

4.4 LIN Slave Status Information

There are up to 4 status bits transferred in publisher frames during NOM to indicate the status of the LIN slave.
The set of status bits to be used is configured by CFGLIN:LINCFGFRM (see section 7.3).

Table 4.1 LIN Status Bits Transmitted in Normal Operation Mode (NOM)

LIN Status Bit Description
Bridge Sensor Error Bridge sensor value is out of defined limits. Limits are defined in EEPROM registers Bxex and
DHex.
OR

Any of the following internal error detections has indicated a failure: sensor connection or short
check (SCC/SSC); sensor-aging check (SAC); calibration temperature out-of-range check;
watchdog; arithmetic check; RAM parity; register parity; EEPROM error; ROM signature.

Bridge Sensor Signal | Bridge sensor value is out of defined limits. Limits are defined in EEPROM registers Brex and
Out-of-Limits Dhex.

Temperature Error Temperature value is out of defined limits. Limits are defined in EEPROM registers Cnex and
DHex.
OR

Any of following internal error detections has indicated a failure: temperature out-of-range check;
watchdog; arithmetic check; RAM parity; register parity; EEPROM error; ROM signature.

Temperature Temperature value is out of defined limits. Limits are defined in EEPROM registers Cnex and
Out-of-Limits DHex.
Bridge sensor or Any of following internal error detections has indicated a failure: sensor connection or short check

Temperature Invalid (SCC/SSC); sensor aging check (SAC); calibration temperature out-of-range check; temperature
out of range check; watchdog; arithmetic check; RAM parity; register parity; EEPROM error; ROM
signature.

Response Error The response error is annunciated if a checksum error in the subscriber frame is detected; a
frame error in the subscriber frame is detected (byte field start and stop bit); or a bit error in the
publisher frame is detected.
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LIN Status Bit Description

Checksum Error A checksum error in a subscriber frame has been detected.

Error notification is low-pass filtered: the failure counter is incremented by 8 up to 63 and
decremented by 1; the status bit is set at 63 and reset at 0.

Bit Error A bit error in a publisher frame has been detected.

Error notification is low-pass filtered: the failure counter is incremented by 8 up to 63 and
decremented by 1; the status bit is set at 63 and reset at 0.

Value Refreshed Bridge sensor or temperature value has not been sent since last update.

Also see section 1.3.3 for a detailed description of behavior in the Diagnostic Mode.

45 LIN Command Mode

The ZSSC3170 allows end-of-line configuration and calibration via one-wire LIN communication. The ZSSC3170
functions as a LIN slave.

When using LIN communication, the Command Mode starts after the ZSSC3170 receives the command
START_CM from the master via the transport layer service Data-dump (see section 4.6.8). The ZSSC3170’s
internal measurement cycle is stopped, and it waits for further commands. The full command set (section 6.1) is
available.

If LIN mode is configured (CFGAPP:PWMENA = 0), the master request is received via the LIN pin. Starting
Command Mode is always available in LIN mode. Alternatively, in NOM, the bridge sensor and temperature
values can be read using the publisher PIDs.

If PWM mode is configured (CFGAPP:PWMENA = 1), the master request must be received during the start
window via the PWM output pins HOUT or LOUT. During the start window, the recessive level is applied to both
pads. The duration of the start window is 30ms (nominal). If the start window expires without receiving the
START_CM, the PWM output (NOM) begins. After the start window, LIN communication via the HOUT or LOUT
pins is no longer possible.
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4.6

LIN Transport Layer

LIN transport layer is used for diagnostics and for configuration of the ZSSC3170. The ZSSC3170 supports
Diagnostic Class | according to the LIN Specification Package 2.1.

The transport layer has fixed frame IDs. Messages issued by a master are called master requests and use the ID
60 (PID 3Cxex). Messages issued by the slave are called slave requests and use the frame ID 61 (PID 7Dygy).

The ZSSC3170 transport layer supports only single frames containing the node address byte (NAD); protocol
control information byte (PCI); service identifier byte (SID) or response service identifier byte (RSID); 5 additional
data bytes; and classic checksum byte. Unused bytes must be filled with the recessive level (FF4ey).

NAD:

PCI:

SID:

RSID:

The node address (NAD) uniquely identifies a slave node. NAD values are in the range of 0 to 127.

NAD 127 is reserved as the broadcast NAD addressing all connected nodes.
NAD 126 is reserved for functional requests in LIN 2.1.
NAD 0 is reserved for the go-to-sleep master request.

ZSSC3170 handles two NADs — the initial NAD and a configured NAD. The initial NAD and the LIN Product
Identification form the node identity and are not changeable via LIN diagnostic services. The configured
NAD must be identical to the initial NAD after manufacturing but can be changed using LIN master requests
Assign-NAD (see section 4.6.1) or Conditional-Change-NAD (see section 4.6.2).

A non-configured ZSSC3170 must be addressed using broadcast NAD 127. If the EEPROM signature is
valid, the NADs programmed in EEPROM register 17yex are used.

The ZSSC3170 transport layer supports only single frames. Therefore the protocol control information (PCI)
is equal to the number of data bytes used plus one (for SID or RSID). Frames with inconsistent length
information are ignored.

The service identifier (SID) specifies the request that will be performed by the slave node addressed. See
the following sections for a detailed description of supported services.

The response service identifier (RSID) specifies the content of the response. A positive response is
indicated by SID + 404ex. A negative response is indicated by 7F4ex and is followed by the error code.

© 2019 Renesas Electronics Corporation 19 May 16, 2016



RRENESANS

4.6.1 Assign-NAD
The Assign-NAD service is used to set a configured NAD to resolve conflicting NADs in a LIN cluster.

The initial NAD is stored in the EEPROM register 17,ex high byte; the configured NAD is stored in the EEPROM
register 17ex low byte.

The master request frame contains the initial NAD, Supplier ID and Function ID. For identification, each of these
can be replaced by wildcard values.

Table 4.2 Assign-NAD Request
NAD PCI SID D1 D2 D3 D4 D5
- Supplier ID Function ID
Initial NAD
LSB MSB LSB MSB New
Broadcast | OOHEX BOrex Wildcards configured
NAD
TFHEX FFHEX TFHEX FFHEX FFHEX
A positive response is generated if transferred IDs match internally stored IDs.
Table 4.3 Assign-NAD Positive Response
NAD PCI RSID D1 D2 D3 D4 D5

Note that the positive response uses the initial NAD.
If the initial NAD or transferred IDs do not match the stored values, no response is sent.
Note that NADs and IDs are internally set to wildcard values if the EEPROM signature is not valid.

Note that new configured NAD is not permanent initially. Use the LIN master request Save-Configuration (see
section 4.6.6) to store the configured NAD to EEPROM.

4.6.2

Conditional-Assign-NAD service is used to resolve conflicting NADs in a LIN cluster. The configured NAD is
stored in EEPROM register 17ex low byte.

Conditional-Change-NAD

The master request frame contains an identifier that defines which internal identification number the condition is
related to. Supported identifiers are listed in Table 4.8; e.g., identifier 0 means Supplier ID, Function ID and
Variant ID and identifier 1 means the Serial Number.

The master request frame also contains a byte identifier that defines which byte of the chosen identification
number the condition is related to.
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The master request frame contains a mask and an invert byte at the end. It defines the condition. The selected
byte of the internal identification number is first bitwise XORed with the invert byte and then bitwise ANDed with
the mask. If the result is zero, then the configured NAD is changed.

Table 4.4 Conditional-Change-NAD Request

NAD PCI SID D1 D2 D3 D4 D5
Configured
NAD
New
Broadcast 06HEX B3hex Identifier Byte Mask Invert configured
NAD
TFHEx

A positive response is generated if the condition is successfully evaluated as zero.

Table 4.5 Conditional-Change-NAD Positive Response
NAD PCI RSID D1 D2 D3 D4 D5
N fi
Ni\g configured 01nEx F3Hex FFHex FFrEx FFHex FFrExX FFrex

Note that the positive response uses the new configured NAD.
If initial NAD does not match the stored value or if the condition is not successfully evaluated, no response is sent.

Note that NADs and IDs are internally set to wildcard values if the EEPROM signature is not valid, in which case,
the Serial Number is set to FFFFex.

Note that new configured NAD is not permanent initially. Use the LIN master request Save-Configuration to store
the configured NAD to EEPROM.

46.3

The Read-by-Identifier service is used to read out the LIN slave node properties.

Read-By-ldentifier

The master request frame contains the Supplier ID and Function ID. For identification, both of these can be
replaced by wildcards.

The LIN Product Identification is stored in EEPROM registers 14ex (Supplier ID) and 15pex (Function ID).

Table 4.6 Read-By-ldentifier Request
NAD PCI SID D1 D2 D3 D4 D5
Configured Supplier ID Function ID
NAD LSB MSB LSB MSB
Broadcast 06HEX B2Hex Identifier Wildeards
TFHEx FFHex | TFHEx FFHex | FFHex
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The requested property is specified by an identifier.

Table 4.7 Read-By-ldentifier - Supported Identifiers
Identifier Service Response Data
0 Read-by-Identifier-0: Supplier ID, Function ID, Variant ID
LIN Product Identification (EEPROM register 14+ex to 16+ex)
1 Read-by-Identifier-1: Serial Number
Serial Number (EEPROM registers 1Chex to 1Dnex)
16 Read-by-Identifier-16: Message ID 1 (EEPROM register 19ex),
Message ID 1 and PID1 Publisher ID 1 (EEPROM register 18ex, low byte)
(Service is specified in LIN 2.0. It is also supported in
LIN 2.1.)
17 Read-by-Identifier-17: Message ID 2 (EEPROM register 1Ayex),
Message ID 2 and PID2 Publisher ID 2 (EEPROM register 18xex, high byte)
(Service is specified in LIN 2.0. It is also supported in
LIN 2.1.)
32 Read-by-Ildentifier-32: Internal 16-bit error code (see Table 1.1)
Diagnostic Mode Error Code (If no error code is available, data bytes are set to 0000nex.)
33 Read-by-ldentifier-33: Frequency ratio = 2 fosc / fun — 2
Bit Rate where fosc is the internal oscillator frequency,
and fun is LIN frequency
34 Read-by-ldentifier-34: Internal 32-bit Response Buffer
LIN Output Buffer
(2MSB of high bytes are error status!) L = Le L
2MSB .. T value invalid 2MSB .. P value invalid
. T val t-of-limit P val t-of-limit
Normal Operation Mode . value out-of-limits . Ya ue out-of-limits
14 bit .. Temperature value 14 bit .. Bridge sensor value
LSB MSB | LSB MSB
MSB .. setto 1'b1
Command Mode STRT_AD_X 8000nex 15 bit .. measured raw value
Read raw measurement values. (two’s complement)
LSB MSB [ LSB MSB
35 Read-by-Identifier-35: Internal 32-bit Slave Response Buffer
Command Response Buffer D1 D2 D3 D4
Normal Operation Mode n/a n/a n/a n/a
Data Data
Command Mode high byte low byte Check sum cmd
Command Mode STRT_AD_X cmd C3hEx cmd Check sum
. . Data Data
Command Mode READ_EEP_RAW 00wEX 6-bit parity high byte low byte
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A positive response is generated if transferred IDs match internally stored IDs. If EEPROM signature is not valid,
the ZSSC3170 only responds to ID wildcard values.

Table 4.8 Read-By-ldentifier Positive Response
ID | NAD PCI RSID D1 D2 D3 D4 D5
Supplier ID Function ID Variant ID
0 NAD O6HEX F2HE>(
LSB MSB LSB MSB LSB  MSB
1 NAD 05 o Serial Number -
HEX HEX LSB MSB HEX
16 | NAD 04 F2 Message D 1 PID1 FF FF
HEX HEX LSB MSB | LSB MSB HEX HEX
17 | NAD 04 F2 Message ID 2 PID2 FF FF
HEX HEX LSB MSB | LSB MSB HEX HEX
Error code
32 | NAD 03 F2 FF FF FF
HEX HEX LSB MSB HEX HEX HEX
33 | NAD 03 F2 Bit Rate FF FF FF
HEX HEX LSB MSB HEX HEX HEX
34 | NAD 05 F2 b1 b2 b3 b4 FF
HEX HEX LSB MSB |LSB MSB |LSB MSB |LSB MSB HEX
35 [ NAD 05 F2 b1 b2 b3 b4 FF
HEX HEX LSB MSB |LSB MSB |LSB MSB |LSB MSB HEX
A negative response is generated if an unknown identifier is requested.
Table 4.9 Read-By-ldentifier Negative Response
NAD PCI RSID D1 D2 D3 D4 D5
Confi d
NZI'I’IDIQUre 03rex 7FHex B2nex 12pex FFrex FFrex FFrex

If the NAD or transferred IDs do not match the stored values, no response is sent.
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4.6.4 Assign-Frame-ldentifier
Assign-Frame-ldentifier service is used to set or disable one PID.

Note that Assign-Frame-Identifier service is specified in LIN 2.0 only. For setting PIDs according to LIN 2.1 see
Assign-Frame-ldentifier-Range.

Two publisher PIDs are stored in EEPROM register 18 gx. The message ID of publisher PID1 (low byte) is stored
in EEPROM register 194ex. The message ID of publisher PID2 (high byte) is stored in EEPROM register 1Ayex.

Master request frame contains the Supplier ID and Message ID. For identification, both of these can be replaced
by wildcards.

Table 4.10 Assign-Frame-ldentifier Request

NAD PCI SID D1 D2 D3 D4 D5
Configured Supplier ID Message ID

NAD LSB MSB LSB MSB New PID
Broadcast | JOHEX Blrex Wildcards Wildcards LSB MSB
TFHEX FFrex TFHEX FFrEex FFhex

PID 00,ex disables the connected frame.

A positive response is generated if transferred IDs match internally stored IDs. The new PID is assigned.

Table 4.11 Assign-Frame-ldentifier Positive Response

NAD PCI RSID D1 D2 D3 D4 D5
nfigur
EI:ZD gured 01hex Flhex FFHex FFHex FFHex FFHex FFHex

If the NAD or transferred IDs do not match the stored values, no response is sent.

Note that new PID is not permanent initially. Use the LIN master request Save-Configuration to store the new PID

to EEPROM.
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4.6.5 Assign-Frame-ldentifier-Range

The Assign-Frame-ldentifier-Range service is used to set or disable PIDs.

Note that the Assign-Frame-ldentifier-Range service is specified in LIN 2.1. For setting PIDs according to LIN 2.0,

see Assign-Frame-ldentifier.

Two publisher PIDs are stored in EEPROM register 18yex.

The master request frame contains a start index (set to 00ex) and 4 PIDs. The first and second PID are assigned
to publisher frame PID1 and PID2; the next 2 PIDs are not supported and must be set to “do not care” (FFuex).

Table 4.12 Assign-Frame-ldentifier-Range Request

NAD PCI SID D1 D2 D3 D4 D5
Configured New PID1 New PID2
NAD o6 o index LSB MSB | LSB MSB - e
Broadcast HEX HEX = 004ex Do not care | Do not care HEX HEX
TFHEX FFhEx FFHEX

PID 00xex disables the connected frame. PID FFyex does not change the stored PID.

A positive response is generated if all transferred PIDs can be assigned.

Table 4.13 Assign-Frame-ldentifier-Range Positive Response
NAD PCI RSID D1 D2 D3 D4 D5
ﬁgglgured 01hex F7Hex FFrEx FFrex FFrex FFrex FFrex

If the NAD does not match the stored value or if a transferred PID could not be assigned, no response is sent.

Note that new PIDs are not permanent initially. Use LIN master request Save-Configuration to store new PIDs to

EEPROM.
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4.6.6 Save-Configuration
Save-Configuration service is used to initiate the slave node to save its configuration into EEPROM.

Upon receiving the master request Save-Configuration, the ZSSC3170 stores the LIN configuration (configured
NAD, PIDs) into EEPROM registers 174ex and 18xex. The new signature is also evaluated and stored in
EEPROM register 1Bygx.

Important Note: Save-Configuration interrupts the normal operation measurement cycle and initiates 3 EEPROM
programming cycles. Including restarting the measurement cycle, it takes a processing time of 50ms.

The Save-Configuration service must be enabled by CFGLIN:LINSVCFG.
ZSSC3170 does not check the EEPROM lock bit (CFGSF:EEPLOCK).

Table 4.14 Save-Configuration Request

NAD PCI SID D1 D2 D3 D4 D5
('\Zlg\rglgured 01hex B6HEX FFHex FFHex FFHex FFHExX FFHex

A positive response is generated if saving the configuration has started. It does not wait until programming is
finished but is sent immediately if the slave response frame is recognized.

Table 4.15 Save-Configuration Positive Response

NAD PCI RSID D1 D2 D3 D4 D5
('\Zlirglgured 01hex F6rEX FFHex FFHex FFHex FFHExX FFHex

A negative response is generated if Save-Configuration service is disabled by CFGLIN:LINSVCFG.

Table 4.16 Save-Configuration Negative Response
NAD PCI RSID D1 D2 D3 D4 D5
(N:Xrglgured 03HEX TFHEX B6HEx 11HEx FFHEx FFhex FFHEx
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4.6.7 Go-To-Sleep

The Go-To-Sleep service is used to set the LIN cluster into sleep mode.

NAD 00uex is reserved for this service. No further relevant data is sent. The slave node ignores the subsequent
byte fields but evaluates the transferred checksum.

Table 4.17 Go-To-Sleep Request

NAD PCI SID D1 D2 D3 D4 D5
O00HEX

FFrex FFHex FFHex FFHExX FFHex FFHex FFHex

No response is generated because slave node is set to sleep mode.

4.6.8 Data-Dump

The Data-Dump service is used to configure and calibrate the ZSSC3170 slave node. This service must be used
only by supplier diagnostics and not in a running cluster during the application.

The signal format is ZSSC3170-specific. It makes available the complete command set defined in section 6. The
master request contains the command byte and up to 2 optional data bytes. Data bytes that are not used must be
filled with FFLex. Note that PCI is always 05ygx.

Commands are only processed if the Command Mode has been entered previously. Therefore the command
START_CM is sent first even using Data-Dump service. After changing to Command Mode all other commands
are available.

Table 4.18 Data-Dump Request

NAD PCI SID D1 D2 D3 D4 D5
Command
NAD LSE MSB FFHEX FFHEx FFHEX FFrex
O5hEX B4nex
Broadcast Command Datal Data2 - -
7Frex LSB MSB |LSB MSB |LSB MSB HEX HEX

A positive response is generated if the Command Mode is set. The response always contains 4 data bytes. See

section 6.3 for the content of response data.

Table 4.19 Data-Dump Positive Response

NAD PCI RSID D1 D2 D3 D4 D5
NAD 05 4 Datal Data2 Data3 Data4 E
HEX HEX LSB MSB |LSB MSB |LSB MSB |LSB MSB HEX

If ZSSC3170 is not in Command Mode, no response is sent.
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4.7 LIN Sleep Mode
The ZSSC3170 supports LIN sleep mode functionality if enabled by configuration bit CFGLIN:LINSLP.

There are two conditions that initiate the ZSSC3170 switching to sleep mode:
e LIN bus inactivity (recessive or dominant level) for more than 4s. Sleep mode is achieved within 10s.

¢ Receipt of the master request frame Go-To-Sleep.

In sleep mode, the LIN node retains its configuration but does not response to LIN communication. The
measurement cycle is stopped.

A wake up signal is issued by forcing the bus to a dominant state for at least 250us. ZSSC3170 detects a
dominant state longer than 150ps. It starts initialization from RAM and then the measurement cycle. Wake up time
depends on configuration and is less than 50ms.

ZSSC3170 slave node is not able to generate the wake up signal by itself.

Note: LIN Sleep Mode must be disabled for proper PWM operation.

4.8 Differences between LIN Mode 1.3 and LIN Mode 2.0/2.1 — Summary
Active LIN mode is selected via CFGLIN:LINMODE. It can be set to LIN mode 1.3, 2.0, or 2.1.

The differences between available LIN modes are shown in Table 4.20.

Table 4.20 LIN modes

00BN LIN 1.3 Classic check sum Normal NAD Not available
Olsin LIN 2.0 Enhanced check sum Normal NAD Not available
10gin LIN 2.1 Enhanced check sum Functional NAD (ignored) 1000ms
1lgn LIN 2.1 Enhanced check sum Functional NAD (ignored) 1000ms
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5 Serial Digital I°C Interface

5.1 General Description

The ZSSC3170 includes a serial digital 1°C interface. The 1°C allows programming the EEPROM to configure the
application mode for the ZSSC3170 and to calibrate the conditioning equation. It also provides the read out of the
conditioning results as a digital value. The ZSSC3170 always works as the slave.

The I°C interface is always enabled after power-on and a short initialization phase independent of programmed
configuration. In Normal Operation Mode (NOM), the result values for the bridge sensor signal and for the
temperature can be read out. In Command Mode (CM), all calibration commands are available. Note that
Command Mode requires transmitting a command START_CM to enable processing calibration commands.
EEPROM access via I°C is always available after this command. The EEPROM lock bit only affects EEPROM
access via LIN. Therefore EEPROM is always programmable via I°C. In Diagnostic Mode (DM), an error code is
available to identify the error source.

A command consists of a device address byte and a command byte. Some commands (e.g., writing data into
EEPROM) also include two data bytes. Refer to section 1.3 for details of working modes and section 6 for
command descriptions.

There are two general methods/requests for reading data via the I°C from the ZSSC3170:

¢ Digital read out
=> (Continuously) reading the conditioning result in Normal Operation Mode (NOM)

During the measurement cycle, the ZSSC3170 transfers the conditioning results for the bridge sensor signal
and temperature into the output register of the I1°C. These data will be sent if the master generates a read-
request. The active measurement cycle is not interrupted by this.

e Calibration and/or configuration tasks
= Reading internal data (e.g. EEPROM content) or acquired measurement data in Command Mode (CM)

To read internal and/or measurement data from the ZSSC3170 in CM, normally a specific command must
be sent to transfer this data into the output register of the I°C. Thereafter the data will be sent if the master
generates a read-request.

After generating the start condition the master sends the device address byte containing a 7-bit address followed
by a data direction bit (R/W). A ‘0’ indicates a transmission from master to slave (WRITE); a ’1’ indicates a data
read-request (READ). During a read-request, the data bytes are repeatedly transmitted until the master sends a
stop condition.

The ZSSC3170 general slave address is 78uex (7 bit). The addressed slave answers with an acknowledge; all
other slaves connected to the 1°C bus ignore this communication. Via EEPROM configuration (address 18ex), it is
possible to activate an additional slave address with an available range of 40,ex t0 7Fex to a single device. In this
case, the ZSSC3170 recognizes communication on both device addresses, on the general one and on the
additional one.

Both available protocols, I°C and LIN, are active in parallel, but only one of them can be used at time.
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5.2 Digital I°C Output
A read request is answered by transmitting data from the I°C output registers.

During the continuous measurement cycle (NOM, Temporary DM), digital output via I°C interface is done with
13-bit bridge sensor and 13-bit temperature values. The MSB carries an even-parity (PAR) bit. 2 bits for the
Diagnostic Status (ERR) are included.

Figure 5.1 1°C Read Request during NOM, Temporary DM

Device Address Bridge Sensor Signal Temperature
Byte High Byte Low Byte High Byte Low Byte
RW | PAR ERR Bridge sensor (13-bit) PAR | ERR Temperature (13-bit)
Value 78HEX legn | O/1gn| 00N | MSB LSB | O/1gn| OOsn | MSB LSB

During Steady Diagnostic Mode (DM), i.e., when an error has been detected, the ERR status bits of each I°C
16-bit output word are used as the error identifier.

Figure 5.2 I°C Read Request after Detecting an Error (Steady DM)

Device Address Error Code Error Code
Byte High Byte ‘ Low Byte High Byte Low Byte
RW | PAR ERR Error code PAR ERR Error code
Value 78HEX lein 0/1gn| err MSB LSB | O/1gn| err MSB LSB

In Command Mode (CM) a 16-bit answer is sent (2 bytes). A check sum is added (1 byte) followed by the
command which is answered. The check sum and the returned command allow verification of received data by
the master. For details and exceptions, see section 6.2.

Figure 5.3 I°C Read Request Answering a Command (CM)

Device Address Answer Verification
Byte High Byte Low Byte High Byte Low Byte
R/W Response (16-bit) Check sum (8-bit) Responded
command (8-bit)
Value 78Hex len | MSB LSB | MSB LSB | MSB LSB

© 2019 Renesas Electronics Corporation

30

May 16, 2016



RRENESANS

5.3 I°C Protocol

For I°C communication, a data line (SDA) and a clock line (SCL) are required.

Figure 5.4 Principles of I°C Protocol
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The I°C communication and protocol used is defined as follows:

e Idle period

When the bus is inactive, SDA and SCL are pulled-up to supply voltage VDDA.

e Start condition

A high-to-low transition on SDA while SCL is at the high level indicates a start condition. Every command
must be initiated by a start condition sent by a master. A master can always generate a start condition.

e Stop condition

A low-to-high transition on SDA while SCL is at the high level indicates a stop condition. A command must
be closed by a stop condition for the ZSSC3170 to start processing the command routine. The ZSSC3170
changes to inactive interface mode during processing of internal command routines started by a previously

sent command.
e Valid data

Data is transmitted in bytes (8 bits) starting with the most significant bit (MSB). Each byte transmitted is
followed by an acknowledge bit. Transmitted bits are valid if after a start condition SDA maintains a
constant level during a high period of SCL. The SDA level must change only when the clock signal at SCL

is low.
e Acknowledge

An acknowledge after a transmitted byte is obligatory. The master must generate an acknowledge-related
clock pulse. The receiver (slave or master) pulls-down the SDA line during the acknowledge clock pulse. If
no acknowledge is generated by the receiver, a transmitting slave will become inactive. A transmitting
master can abort the transmission by generating a stop condition and can then repeat the command.

A receiving master must signal the end of transfer to the transmitting slave by not generating an acknow-
ledge and afterwards transmitting a stop condition.
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Write operation

During transmission from master to slave (WRITE), the device address byte, which includes a data direc-
tion bit set to ‘0’ (WRITE), is followed by a command byte and up to 2 optional data bytes, depending on the
transmitted command. The internal microcontroller evaluates the received command and processes the
related routine.

Figure 5.5 Write Operation I°Cc

Sent by

Optional
Start Slave RIW Command 1* 2" Stop
condition address 0 = byte = Data byte (S8 Data byte e condition
Master Slave Master Slave Master Slave Master Slave Master

¢ Read operation

After the master data requests data from the slave by sending a device address byte including a data-
direction bit set to ‘1’ (READ), the slave answers by sending data from the interface output registers. The
master must generate the transmission clock on SCL, acknowledges after each data byte (except after the
last one), and then the stop condition.
A data request is answered by the interface module itself and consequently does not interrupt the current
process of the internal microcontroller.
The data in the output registers is sent continuously until an acknowledge is not received or a stop
condition is detected. After transmitting all available data, the slave starts repeating the data.

Figure 5.6 Read Operation I°C - (Data Request)

Sent by

Optional
Start Slave RW | Aok 1* ACKN 2" ACKN .n" no Stop
condition address 1 Data byte Data byte Data byte ACKN condition
Master Slave Slave Master Slave Master Slave Master Master

During operation, measurement cycle data is constantly updated with conditioning results. To get other data
from the slave (e.g. EEPROM content), a specific command must be sent before the data request to initiate
the transfer of this data to the interface output registers. This command does interrupt the current process

of the internal microcontroller; e.g., the active measurement cycle.
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Figure 5.7 Timing I°C Protocol
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Table 5.1  Timing I°C Protocol
Nr. Parameter Symbol min typ Max Unit Conditions
1 SCL Clock frequency fscL 400 kHz |fosc =2 2MHz
5 Bus free time between start and stop tizc_gr 1.3 s
condition

3 Hold time start condition tiac_HD_sTA 0.6 ps

4 Setup time repeated start condition tiac_su_sTa 0.6 us

5 Low period SCL/SDA tioc L 1.3 Us

6 High period SCL/SDA tizc_H 0.6 ps

7 Data hold time tiac_HD_DAT 0 ps

8 Data setup time tiac_su_paT 0.1 ps

9 Rise time SCL/SDA tioc R 0.3 us

10 Fall time SCL/SDA tioc_F 0.3 ps

11 Setup time stop condition tizc_su_sTto 0.6 us

12 Noise interception SDA/SCL tiac_ni 50 ns Spike suppression
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6 Interface Commands

6.1 Command Set

All commands are available for 1°C and LIN communication but only in Command Mode (CM). CM is initiated by
sending the command START_CM [72 74] (see section 1.3.1). Every received command is answered. The
response consists of the 2 bytes for the requested data or a validation code, 1 byte for the check sum, and a 1-
byte command reply. See the following table for exceptions (also refer to section 6.2).

Important: EEPROM programming must be enabled by sending the command EEP_WRITE_EN [6C F7 42,gy].

A read command can be sent during an active measurement cycle (i.e., the processing time has not yet elapsed
after sending one of the STRT_CYC_x or START_AD_x commands). If any of the other commands is to be sent
during an active measurement cycle, the measurement command must first be aborted. Typically an active
measurement cycle is aborted if a non-read command is received, but in special cases, the command might not
be received correctly and the active measurement is not aborted. Therefore, for safe communication during an
active measurement cycle, IDT recommends sending the START_CM command [72 74] first for non-read
commands.

Table 6.1 Command Set
Processing
Co(mlrzn)?)nd Data Command Notes Time
@ fosc=2MHZ
01/02 STRT_CYC_EEP Start measurement cycle including initialization from 500us
STRT CYC RAM EEPROM or RAM. +
A/ID
Output mode as configured. conversion
time
10to 2A READ_RAM Read data from RAM addresses 00nex through 1Anex. 100us
30to 4F READ_EEP Read data from EEPROM addresses 00nex through 100us
1Fnex.
50 ADJ_OSC_ACQ Use this command with LIN communication only! 100us
Acquire frequency ratio ( 2 fosc / fun—2)
where fosc is the frequency of the internal oscillator,
and fun is LIN communication frequency.
Use this for adjusting the internal oscillator frequency with
CFGAPP:OSCADJ.
58 GET_ERR_STATUS Read and reset error code. 100us
59 LIN_FAST Enable LIN fast communication mode. 100us
Allows communication frequency up to 80kbit/s.
Disables slope control and current limitation of
LIN Transceiver.
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Low byte is start address; high byte is end address of
evaluated area.

Use [6D 1A 004ex] for getting EEPROM signature of
configuration.

Processing
Co(rnlrzn)?)nd Data Command Notes Time
@ fosc=2MHZ
5B GET_BCC_STATUS Read status information from Broken Chip Check 100us
Returns C35Buex if there is no failure.
Returns CF5Bex if there is a failure.
60 2 bytes | PWM_OUT Set PWM output value and start PWM output. 100us
PWM must be configured in EEPROM/RAM!
65 2 bytes| ADJ_OSC_WRI Write and activate oscillator adjust value 100us
CFGAPP:OSCADJ to RAM.
Returns complete configuration word CFGAPP.
6C 2 bytes | EEP_WRITE_EN Enable data write to EEPROM. 100us
To be sent with data F742ex; sending any other data
disables EEPROM writing.
6D 2 bytes | CHECK_EEP Calculate and return EEPROM signature. 250us
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Processing
Co(rnlrzn)?)nd Data Command Notes Time
@ fosc=2MHZ

72 1byte [ START_CM Start Command Mode. 100us

To be sent with data 74nex.
80 to 9A 2 bytes | WRITE_RAM Write data to RAM addresses 00xex through 1Anex 100us
respectively.
AOto BE | 2bytes| WRITE_EEP Write data to EEPROM addresses 00nex through 1Eex 12.5ms

respectively.

Co COPY_EEP2RAM Copy content of EEPROM addresses 004ex through 1Anex 200us
to RAM.
Restores EEPROM configuration in RAM.

C3 COPY_RAM2EEP Copy contents of RAM addresses 00nex through 1Anex to 350ms
EEPROM.
Generates EEPROM signature; writes it to address 1Bnex.
Returns EEPROM signature.

C9 GEN_EEP_SIGN Calculate and return EEPROM signature and write it to 12.7ms
EEPROM address 1Bex.

CA GET_RAM_SIGN Calculate and return RAM signature. 250us

CE GET_ROM_STATUS Check ROM Diagnostic Status. 10ms
Returns C3CEgx if there is no failure.
Returns CFCEwex if there is a failure.

CF GET_ROM_REV Get hardware and ROM revision. 100us

e The ROM version is defined by the low byte of the
response to the CF command.

e The design version is defined by the high byte of the
response to the CF command.
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Note: All Dx commands are used for the calibration process and return raw conversion results via LIN and I°C.
The Dx commands do not generate PWM output. With fosc=2MHz, processing time for the DO to D7, DB, and DC
commands is 100us + A/D conversion time. The processing time is 2 times this value for the D8 to DA and DE
commands.

Note: Enabling the A/D converter clock divider (i.e., bit CFGAPP:ADCSLOW is set to 1) doubles only the A/D
conversion time.

Co(rg;gnd Command Notes
DO START_AD_P Start cyclic A/D conversion at channel bridge sensor.
D1 START_AD_CT Start cyclic A/D conversion at channel calibration temperature.
D2 START_AD_MT Start cyclic A/D conversion at temperature channel.
D3 START_AD_SSCP Start cyclic A/D conversion for positive-biased Sensor Short Check.
D4 START_AD_PAZ Start cyclic AD conversion auto-zero at channel bridge sensor.
D5 START_AD_CTAZ Start cyclic A/D conversion auto-zero at channel calibration temperature.
D6 START_AD_MTAZ Start cyclic A/D conversion auto-zero at channel temperature.
D7 START_AD_SSCN Start cyclic A/D conversion for negative-biased Sensor Short Check.
D8 START_AD_P_AZC Start cyclic A/D conversion at channel bridge sensor including auto-zero.
D9 START_AD_CT_AZC Start cyclic A/D conversion at channel calibration temperature including
auto-zero.
DA START_AD_MT_AZC Start cyclic A/D conversion at channel temperature including auto-zero.
DB START_AD_SSCP-SSCN Start cyclic A/D conversion for Sensor Short Check
positive biased — negative biased.
DC START_AD_CMV Start cyclic A/D conversion for Sensor Aging Check
(Common Mode Voltage Measurement).
DE START_AD_CMV_AZC Start cyclic A/D conversion for Sensor Aging Check
(Common Mode Voltage Measurement) including auto-zero.
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6.2 Command Processing

All implemented commands are available for both protocols — I°C and LIN. If CM is active, receiving a valid
command interrupts the internal microcontroller (CMC) and starts a routine processing the received command.
During this processing time, the interfaces are disabled and transmitted commands are ignored. The processing
time depends on the internal system clock frequency. A command always returns data (e.g., register contents,
acquired measurements) to interface output registers, which can be read out by read request.

6.3 Output Datain Command and Diagnostic Mode

Output data consists of two 16-bit words 24 bytes) that can be read out by read request via the LIN
(Read-by-ldentifier 32 or 35, see 4.6.3) or I°C interface. Depending on the current operation mode of the
ZSSC3170 (CM or DM - see section 1.3), different data word formats are used.

Table 6.2  Serial Digital Interface Output Registers

Output Data Word 1 Output Data Word 2
High Byte Low Byte High Byte Low Byte
Command Mode Requested data depending on command: Check sum Processed command

- Memory content
- Conditioned value

- Measured raw value

- Success code {C3ex, command}

- Failure code {CFygx, command}

Diagnostic Mode Error code Error code

The check sum is calculated with following formula: check sum = FFgx — ( HighByteis worg + LOWBYte1t word )-

6.4 Detailed Description of Oscillator Frequency Adjustment

ADJ_OSC_x commands are used to adjust the frequency of the internal oscillator. This frequency is adjustable in
the range of 1.5 to 3MHz and has a directly proportional effect on the A/D conversion time and the PWM period.
The internal oscillator frequency can be adjusted by CFGAPP:OSCADJ (see sections 7.2 and Table 7.5). The
frequency is adjusted by steps with one step equal to approximately -125kHz (frequency is decreased if
CFGAPP:OSCADJ is increased).

The ADJ_OSC_ACQ command is sent first. This command works ONLY with the LIN Master Request Data-
Dump. It returns a value F_RATIO, which is equal to (2 fosc/fun — 2), where fosc is the present frequency of the
internal oscillator and f,y is the LIN communication frequency. f y is known, so F_RATIO can be used to calculate
the existing fosc and determine if adjustment is needed. Alternatively, this frequency ratio can be read out with the
LIN Master Request Read-by-ldentifier-33.

Note that the resolution of the frequency measurement is better when a lower communication frequency is used.
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The required adjustment D_OSCADJ for determining the new setting OSCADJyew for CFGAPP:OSCADJ that is
needed to set the internal oscillator to the target frequency fosc new Can be calculated from F_RATIO and the
adjustment increment of -125kHz/step:

f
fmnozz*lﬁg_z
LIN
f — .y *(f +2)*0.5
D_OSCADJ = > un* (o +2) and OSCADJ,,, =OSCADJ+D_OSCADJ
—125kHz
Where

D_OSCADJ is the difference between the present oscillator adjustment setting and the required setting.

The ADJ_OSC_WRI command is used to write CFGAPP:OSCADJ to RAM and to activate the new adjustment.
The command returns the complete configuration word CFGAPP (all other configuration bits retain their value).

This sequence allows an easy and accurate adjustment of the internal frequency during end-of-line calibration.

Table 6.3 Oscillator Frequency Adjustment Sequence

Command Description Comment

Task: Measure and adjust the internal oscillator frequency f£fysc

[72 74] START CM Start command mode

[22] READ RAM 0x12 Read RAM CFGAPP

[READ] READ CFGAPP Read CFGAPP; OSCADJ = CFGAPP[4:0]
LIN[50] ADJ OSC_ACQ Acquire frequency ratio

[READ] READ F RATIO Read F_RATIO

Manually calculate D OSCADJ from F RATIO
Manually calculate OSCADJ,, = OSCADJ + D OSCADJ
[65 OSCADJ,.,] ADJ OSC WRI Write CFGAPP:0SCADJ
[READ] READ CFGAPP Read CFGAPP,.,

Task: Check the resulting internal oscillator frequency (optional)
LIN[50] ADJ 0OSC_ACQ Acquire frequency ratio
[READ] READ F _RATIO Read F_RATIO

Task: Write the new oscillator frequency adjustment to EEPROM

[6C F7 42] EEP WRITE EN Enable data write to EEPROM
[B2 CFGAPP,.,] WRITE EEP 0x12 Write EEPROM CFGAPP..,
[C9] GEN_EEP_ SIGN Generate and write EEPROM signature
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7 EEPROM and RAM

7.1 Programming the EEPROM

Programming the EEPROM is done using an internal charge pump to generate the required programming voltage.
The timing of the programming pulses is controlled internally. The programming time for a write operation is
typically 12.5ms independent of the programmed clock frequency (CFGAPP:OSCADJ). Recommendation: Wait a
minimum of 15ms per write operation before starting the next communication.

To program the EEPROM, the ZSSC3170 must be set to Command Mode by the command START_CM [72 74]
and EEPROM programming must be enabled by the command EEP_WRITE_EN [6C F7 42]. Writing data to the
EEPROM is done via the serial digital interface by sending specific commands (refer to section 6). The
WRITE_EEP command includes the address of the targeted EEPROM word and is followed by two data bytes.
During EEPROM programming, the serial digital interface is disabled and no further commands can be
recognized.

The COPY_RAMZ2EEP command [C3] writes the contents of the RAM mirror area to the EEPROM. This is to
simplify the calibration process when the ZSSC3170 is configured iteratively. The EEPROM signature, which is
not mirrored in RAM, is generated, written to EEPROM, and returned to the interface output register. This copy
operation includes 28 EEPROM write operations and therefore typically requires 350ms (recommended wait time
420ms).

7.2 EEPROM and RAM Contents
The configuration of the ZSSC3170 is stored in 32 EEPROM 16-bit words.

Calibration coefficients for conditioning the sensor signal via conditioning calculations and output limits are stored
in 15 words. There are 5 words for setting the configuration of the ZSSC3170 for the application. 7 words are
used to configure the LIN interface. One register is used for storing the EEPROM signature, which is used in NOM
to check the validity of the EEPROM contents after power-on. 4 additional 16-bit words are available for optional
user data.

After every power-on, the EEPROM contents are mirrored to RAM. After this read out, the contents of the RAM
mirror is checked by calculating the signature and comparing it to the one stored in EEPROM. If a signature error
is detected, the ZSSC3170 changes to Diagnostic Mode (DM). In LIN mode, DM is indicated by error flags
contained in the LIN signal. In PWM mode, the output is set to the recessive level. Subsequently the error code
can be read out via LIN or I°C. The LIN interface is also enabled in PWM mode.

The configuration of the device is done from the mirrored area in RAM, so the configuration words are
subsequently transferred to the internal registers. The calibration coefficients for the conditioning calculations are
also read from RAM. As a result, every change to the RAM mirror area impacts the configuration and behavior of
the device after the next start of the measurement cycle.

After power-on, the contents of the RAM mirror area are determined by the EEPROM contents and can then be
changed by specific commands writing to RAM. This new configuration can be activated by the STRT_CYC_RAM
command or START_AD_x commands.
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Table 7.1 EEPROM and RAM Contents

EEPROM/RAM Write cmd Description
Address in Hex RAM/EEPROM | Note: The MSB is given first if an address has more than one assignment.

Conditioning Coefficients — Correction Formula Bridge Sensor Signal (section 2.2)

00 80/A0 c0 - Offset

01 81/A1 cl - Gain

02 82/A2 c2 - Non-linearity 2" order

03 83/A3 ¢3 - Non-linearity 3" order

04 84/A4 c4 - Temperature coefficient offset 1> order
05 85/A5 ¢5 - Temperature coefficient offset 2" order
06 86/A6 c6 - Temperature coefficient gain 1% order
07 87/A7 c7 - Temperature coefficient gain 2™ order

LIN Mode Configuration (section 2.4 and section 4)

08 88/A8 t0 — Offset temperature

09 89/A9 t1 — Gain temperature

0A 8A/AA t2 — Non-linearity 2" order temperature

0B 8B/AB LINPMAX:LINPMIN — Maximum/minimum LIN bridge sensor output value
0C 8C/AC LINTMAX:LINTMIN — Maximum/minimum LIN temperature output value
0D 8D/AD 4 LSBs of values LINPMAX:LINPMIN:LINTMAX:LINTMIN

PWM Mode Configuration (section 3)

08 88/A8 PWMMIN — Minimum PWM output value
09 89/A9 PWMMAX — Maximum PWM output value
0A 8A/AA LPON — Low bridge sensor signal on-value
0B 8B/AB LPOFF — Low bridge sensor signal off-value
0oC 8C/IAC PWMOFF — PWM off-value
0D 8D/AD ZMIN — PWM off-filter parameter
Sensor Aging Check (SAC) limits
OE 8E/AE CMVMAX:CMVMIN — Upper/lower limit common mode voltage

Configuration Words (section 7.3)

OF 8F/AF CFGLIN — Configuration of LIN interface and frames
10 90/B0 CFGAFE - Configuration of analog front end

11 91/B1 CFGTS - Configuration of temperature measurement
12 92/B2 CFGAPP — Configuration of target application

13 93/B3 CFGSF - Configuration of safety functions

(Diagnostic function and bridge sensor signal filter function)
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EEPROM/RAM Write cmd Description
Address in Hex RAM/EEPROM | Note: The MSB is given first if an address has more than one assignment.

LIN Configuration (section 4)

14 94/B4 LIN Product Identification — Supplier ID
15 95/B5 LIN-Product Identification — Function 1D
16 96/B6 LIN Product Identification — Variant ID (8 LSB)
17 97/B7 MSB: 0 (1 bit) | LIN Initial NAD (7 bit)
LSB: 0 (1 bit) | LIN Configurable NAD (7 bit)
18 98/B8 MSB: LIN publisher PID2 for data transmission (8 bit)

LSB: LIN publisher PID1 for data transmission (8 bit)

6 LSBs are also used as a singular device address for I°C communication.
Resulting I°C device address range is 40nex to 7Fpex.

19 99/B9 LIN message ID for publisher PID1 (LIN 2.0).
1A 9A/BA LIN message ID for publisher PID2 (LIN 2.0).

Calculated Signature Based on Register 00nex to 1Anex Data

1B - /BB Signature

Free Memory Available for Optional Use by User Applications (not included in signature)

1C -/BC Free user memory, not included in signature (e.g., serial number)
1D -/BD Free user memory, not included in signature (e.g., serial number)
1E - /IBE Free user memory, not included in signature

Restricted
1F - IBF No customer access - IDT restricted use

Note: The contents of the EEPROM registers at delivery are not specified and can be subject to changes.
Particularly with regard to traceability, the contents can be unique per die. Note that contents at delivery might not
have a valid signature. Consequently the ZSSC3170 would start in the Diagnostic Mode.

All registers must be rewritten during the calibration procedure.
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7.3 Configuration Words

The data stored in EEPROM at addresses OFex to 134ex determine the configuration of the ZSSC3170, as
explained in the following tables.

Table 7.2  Configuration Word CFGLIN
Bit CFGLIN - Configuration of LIN Interface and Frames EEPROM/RAM Address Fuex
15:12 Not used
11:10 LIN ConFiGuration FRaMe LINCFGFRM
Data Byte 0 Data Byte 3
00 12-bit Bridge 12-bit Temperature 4-bit Status 4-bit Variant ID
Sensor
01 12-bit Bridge 10-bit Temperature 2-bit Status 8-bit Variant ID
Sensor
10 12-bit Bridge 8-bit Temperature 4-bit Status 8-bit Variant ID
Sensor
11 11-bit Bridge 9-bit Temperature 4-bit Status 8-bit Variant ID
Sensor
Status Bits Frame 01: LSB: Bridge Sensor or Temperature Error MSB: Response Error
9:8 LIN ConFiGuration STATus bits LINCFGSTAT
LSB LSB + 1 LSB + 2 LSB + 3
00 Bridge Sensor Error | Temperature Error Values Refreshed Response Error
01 Bridge Sensor Temperature Bridge Sensor or Response Error
Signal Out of Limits | Out of Limits Temperature Invalid
10 Bridge Sensor Error | Response Error Checksum Error Bit Error
11 Bridge Sensor Error | Temperature Error Checksum Error Bit Error
7 LIN SaVe ConFiGuration Service enable LINSVCFG
0 disabled 1 enabled
6 LIN SaMPLe mode LINSMPL
0 3 samples / bit 1 5 samples / bit
5:4 LIN Low Pass LINLP
00 disabled 10 8 samples
01 4 samples 11 16 samples
3 LIN SLeeP Mode LINSLP
0 disabled 1 enabled
2 Not used -
1:0 LIN MODE LINMODE
00 LIN Protocol Revision 1.3
01 LIN Protocol Revision 2.0
10 LIN Protocol Revision 2.1
11 LIN Protocol Revision 2.1
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Table 7.3  Configuration Word CFGAFE

Bit CFGAFE - Configuration of analog front end EEPROM/RAM Address 10uex

15 Bridge Sensor channel eXtended Zero Compensation POLarity PXZCPOL
(offset compensation by analog front end - refer to section 2.1)
0 negative — compensates positive offsets
1 positive — compensates negative offsets

14:10 Bridge Sensor channel eXtended Zero Compensation value PXzC

(offset compensation by analog front end - refer to section 2.1)
Offset compensation is only active if PXZC = 0.
The value of one compensation step depends on the selected input span
(refer to section 2.3 in the ZSSC3170 Data Sheet).

9:6 Bridge Sensor channel GAIN (a - refer to section 2.1) PGAIN
0000 420 0101 70 1001 14
0001 280 0110 525 1010 9.3
0010 210 0111 35 1011 7
0011 140 1000 26.25 11dd 2.8
0100 105

5:4 A/D Conversion input Range Shift regarding measured signal ADCRS
(rsapc — refer to section 2.1)
00 1/16 -> ADC range =[(-1/16 VADCfREF) to (+15/16 VADchEF)]
01 1/3 > ADCrange =[ (-1/8 Vapc_rer) tO (+7/8 Vapc_rer)]
10 Y4 -> ADC range =[ (-1/4 Vapc rer) tO (+3/4 Vapc_rer)]
11 Y% > ADCrange =[ (-1/2 Vapc rer) tO (+1/2 Vapc_rer)]

3:2 A/D Conversion MODE (resolution 2™ conversion step) ADCMODE
Valid for bridge sensor signal as well as for temperature measurement.
00 2 bit 10 4 bit
01 3hbit 11 5 bit

1 A/D Conversion RESolution (rapc - refer to section 2.1) ADCRES
Valid for bridge sensor signal as well as for temperature measurement.
0 13bit 1 14 bit
0 A/D Conversion ORDer ADCORD
0 1-step conversion 1 2-step conversion
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Table 7.4  Configuration Word CFGTS

Bit CFGTS - Configuration of Temperature Measurement EEPROM/RAM Address 11nex
15:13 Temperature channel OFFSet value TOFFS
Offset by analog front end.
12:10 Calibration Temperature channel OFFSet value CTOFFS
Offset by analog front end.
9:8 Temperature channel GAIN TGAIN
Internal sensor External sensor
Diode Diode Resistor
LSB14/ K ppmFS / mV ppmFS / (mV/V)

0d GT2 -34 966 3333

10 GT3 -38 1063 3667

11 GT4 -41 1159 4000
7:6 Calibration Temperature channel GAIN CTGAIN

Internal sensor External sensor
Diode Diode Resistor
LSB14/ K ppmFES / mV ppmFES / (mV/V)

0d GT2 -34 966 3333

10 GT3 -38 1063 3667

1 GT4 -41 1159 4000
5:3 Temperature Sensor select: MTS

ood on-chip diode

d10 external resistor on pin VTN1
di1 external diode on pin VTN1
100 external resistor on pin VTN2
101 external diode on pin VTN2

2:0 Calibration Temperature Sensor select: CTS

ood on-chip diode

d10 external resistor on pin VTN1
di1 external diode on pin VTN1
100 external resistor on pin VTN2
101 external diode on pin VTN2
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Table 7.5 Configuration Word CFGAPP
Bit CFGAPP - Configuration of Target Application EEPROM/RAM Address 124ex
15 LIN Transceiver Conformity TEST LINTEST
0 disabled 1 enabled
14 Enables triggering a RESet if Diagnostic Mode (DM) occurs DMRES
0 stop and DM 1 reset and start-up again
Reset is executed after time-out of watchdog.
13 A/D Conversion SLOW mode ADCSLOW
0 disabled 1 enabled
12 Bridge Signal POLarity (Differential voltage at pins VBP, VBN) BPOL
0 positive (Vin_pirr = Vvep — Vven)
1 negative (Vin_pirr = Vven — Vvep)
11 Not used -
10:9 PWM SLew Rate adjust PWMSLR
8 PWM SLOPE control PWMSLOPE
0 current control 1 voltage control
7 PWM MODE PWMMODE
0 low-side switch (LOUT pin) 1 high-side switch (HOUT pin)
6 PWM ENAble PWMENA
0 disabled (output via LIN) 1 enabled (output via PWM)
5 Enables Bias current BOOST for analog front end BBOOST
0 disabled 1 enabled
Activation is recommended for clock frequency > 2.8MHz.
4:0 ADJust frequency fosc of internal OSCillator OSCADJ
Adjustment of fosc in the range of 1.5 to 3MHz.
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Table 7.6  Configuration Word CFGSF
Bit CFGSF - Configuration of Safety Functions EEPROM/RAM Address 13nex
15:14 Not used -

13 Enables EEPROM lock for LIN communication EEPLOCK
0 disabled 1 enabled

12 Enable ROM Signature Check at power-on. Start-up time is increased by approximately CHKROM
10ms.
0 disabled 1 enabled

11 Enable Broken Chip Check CHKBCC
0 disabled 1 enabled

10 Enable Sensor Short Check CHKSSC
0 disabled 1 enabled

9 Enable Sensor Connection Check High Capacity Mode CHKSCCHIC
0 disabled 1 enabled

8 Enable Sensor Connection Check CHKSCC
0 disabled 1 enabled

7 Enable Sensor Aging Check CHKSAC
0 disabled 1 enabled

6 Enable Temperature Out-Of-Range Check CHKOOR
Applies to temperature and calibration temperature.
0 disabled 1 enabled

5:3 Digital Low Pass Filter Bridge Sensor Signal Output - Differential coefficient PDIFF
Range [0; 7]
Setting both PDIFF and PAVRG to 0 disables the filter.

2:0 Digital Low Pass Filter Bridge Sensor Signal Output - Averaging coefficient PAVRG
Range {1; 2; 4, 8; 16; 32; 64; 128}
Setting both PDIFF and PAVRG to 0 disables the filter.
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7.4 EEPROM Signature

The EEPROM signature (address 1Byex) is used to check the validity of the EEPROM contents. The signature is
built using a polynomial arithmetic modulo 2. The following source code generates the signature if the field
eepcont[] is allocated by the EEPROM content (addresses Onex to 1Apex). The parameter N is the count of
applicable addresses and must be set N=27.

Figure 7.1 Source Code Signature Generation

#define POLYNOM 0xA005
unsigned short signature (eepcont, N)
unsigned short eepcont[], N;
{
unsigned short sign, poly, p, x, i, 3’
sign = 0; poly = POLYNOM;
for (i=0; i<N; i++) {
sign”=eepcont[i];
p=0; x=signé&poly;
for (3=0; j<16; j++, pi=x, x>>=1);
sign<<=1l; sign+=(p&l);
}

return (~sign) ;

7.5 EEPROM Write Locking

The ZSSC3170 supports EEPROM write locking (EEPLOCK). If the mode is active (CFGSF:EEPLOCK=1), it is
not possible to overwrite the current EEPROM content using the LIN Master Request Data-Dump. The ZSSC3170
answers the command EEP_WRITE_EN with error code CF6C g if the EEPROM is locked.

Note that the LIN Master Request Save-Configuration stores the configured NAD and PIDs to EEPROM even if
EEPLOCK is activated.

An activated EEPLOCK does not affect writing to the EEPROM using 1°C and can always be reset using I°C.
EEPLOCK is active only if programmed into EEPROM and activated due to
e New power-on or
e Receiving the EEP_WRITE_EN command or
e Starting the measurement cycle by receiving the STRT_CYC_x command
The following write sequence is possible:
Write calibration data including EEPLOCK to RAM mirror
Enable EEPROM writing by sending the command EEP_WRITE_EN
Copy the RAM mirror to EEPROM
e Write the EEPROM signature directly to EEPROM

If an invalid EEPROM signature is detected, the EEPROM lock is always deactivated.
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8 Related Documents

Document

ZSSC3170 Data Sheet
ZSSC3170 AN — LIN and PWM Operation
SSC App Note - RBIC1 Calibration DLL Description

ZSSC3170 High Voltage Protection Description
ZSSC3170 LIN Interface Description

LIN Specification Package 2.1 (LIN Consortium, 2006-11-24)

Visit the ZSSC3170 product page www.IDT.com/ZSSC3170 or contact your nearest sales office for the latest
version of these documents.

9 Glossary

Term Description

ADC Analog-to-Digital Converter
BCC Broken Chip Check

CM Command Mode

CMC Calibration Microcontroller

CmvV Common Mode Voltage

DM Diagnostic Mode

HSS High-Side Switch

LSB Least Significant Bit

LSS Low-Side Switch

MSB Most Significant Bit

NAD Node Address Byte

NOM Normal Operating Mode

PCI Protocol Control Information Byte
PID Protected Identifier

RSID Response Service Identifier Byte
SAC Sensor Aging Check

SCC Sensor Connection Check

SID Service ldentifier Byte

SSC Sensor Short Check or Sensor Signal Conditioner
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10 Document Revision History

Revision

Date

Description

1.10

First release of document.

1.20

May 27, 2010

Completely revised Functional Description.

1.30

July 22, 2010

Broken Chip Check (section 6.1, Table 7.6).

LIN Fast Mode (section 6.1).

Sensor Connection Check High Capacity Mode (Table 7.6)
Updates for sales contact information.

1.40

August 31, 2010

Error code Broken Chip Check (Table 1.1)

LIN Publisher Frame regarding PID2 (section 4.3)

Response LIN MRF Read-By-ldentifier-34/35 (Table 4.7)

Positive Response LIN 2.0 MRF Read-By-ldentifier-16/17 (Table 4.8)
Oscillator frequency adjustment sequence (Table 6.3)

Gain Temperature Channel CFGTS:MTGAIN, CFGTS:CTGAIN (Table 7.4)

1.50

January 10, 2011

Clarification of setting the LIN Protocol Revision (Table 4.20, Table 7.2)

1.60

2011

Broadcast added (Table 4.18)
Response Data Format for Read-By-Identifier-34 (Table 4.7)

1.70

September 10, 2013

PWM operation and LIN Sleep mode incompatibility note added.
Revision to conditioning equation in section 2.2.
Recommendation regarding non-read commands added to section 6.1.

Correction of write command EEPROM addresses for memory addresses 1B
through 1F in Table 7.1.

Minor edits for clarity.

1.80

November 25, 2015

Update regarding Diagnostic Mode and PWM output mode in section 1.3.4.
Updates for Dx command descriptions in Table 6.1.

CRC changed to check sum.

Update for contact information.

Minor edits for minor corrections or clarity.

March 29, 2016

Changed to IDT branding.

May 16, 2016

Removed footnote 1 reference in Table 1.1 for the SAC and BCC checks.
Removed asterisk on “Temperature Out of Range Check.”
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