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Data Sheet: Technical Data Rev. 5.0, 11/2016

Intelligent battery sensor with
CAN and LIN MM9Z1_638

The MM9Z1_638 is a fully integrated intelligent battery monitoring
system. The device supports precise current measurement via an BATTERY MONITORING SYSTEM
external shunt resistor. It features four voltage measurements via internal
calibrated resistor dividers or external dividers. It includes an internal
temperature sensor, allowing close proximity battery temperature
measurements, plus four external temperature sensor inputs.

The MM9Z1_638 features the LIN 2.2 protocol and physical interface, as
well as an msCAN protocol controller, for interfacing to automotive buses.
The MM9Z1_638 is able to supply and control external CAN interfaces.

This device is powered by SMARTMOS technology. EP SUFFIX (WF-TYPE)
98ASA00343D
Features 48-PIN QFN
» Wide range battery current measurement; On-chip temperature
measurement

- Four battery voltage measurements with internal resistor dividers, and APPlications
up to five direct voltage measurements for use with an external resistor + 12V lead-acid battery monitoring

divider » Multi-cell battery (Li-ion) monitoring
* Measurement synchronization between voltage channels and current . Hy battery pack sensor
channels « Truck battery monitoring

» Five external temperature sensor inputs with internal supply for
external sensors

* Low-power modes with low-current operation

+ Multiple wake-up sources: LIN, timer, high-voltage input, external CAN
interface, and current threshold and integration

* Precision internal oscillator and connections for external crystal

« LIN 2.2/ 2.1/ 2.0 protocol and physical interface

+ msCAN protocol controller, and supply capability for 8 and 14 pin CAN
interfaces

* MM9Z1_638: S12Z microcontroller with 96/128 kByte Flash, 8.0 kByte
RAM, 4.0 kByte EEPROM
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ORDERING INFORMATION

1 Ordering information
Table 1. Ordering information
Device Temperature range (Tp) Package Flash (kB) | RAM (kB) | EEPROM (kB)
(Add an R2 suffix for tape and reel orders) P ge lla 9
MM9Z1J638BM2EP 128
-40 °C to 125 °C 48 QFN-EP 8.0 4.0
MM9Z11638BM2EP 96

MM9Z1_638
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INTERNAL BLOCK DIAGRAM
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PIN ASSIGNMENT
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4. MM9Z1_638 pin connections

MM9Z1_638 pin description

The following table gives a brief description of all available pins on the MM9Z1_638 device. Refer to the highlighted chapter for detailed

information

Table 2. MM9Z1_638 pin description

Pin # Pin name Formal name Description
1 PAB MCU PA6 General purpose port A input or output pin 6. See Port integration module (S12ZIPIMV1).
EXTAL is one of the optional crystal/resonator drivers and external clock pins, and the PBO
2 EXTAL MCU Oscillator port‘may be used as a general purpose /0. On reset, all the device clocks are dgrlved from
the internal reference clock. See S12Z clock, reset and power management unit
(S12ZCPMU).
XTAL is one of the optional crystal/resonator drivers and external clock pins, and the PB1
3 XTAL MCU Oscillator port_may be used as a general purpose /0. On reset all the device clocks are dgnved from
the internal reference clock. See S12Z clock, reset and power management unit
(S12ZCPMU).
This input only pin is reserved for test. This pin has a pull-down device. The TEST pin must
4 TEST MCU Test be tied to VSSRX in user mode.
General purpose port A input or output pin 5. This pin is shared with the TXDCAN of the
5 PAS MCU PAS/CAN TXD integrated msCAN module. See Port integration module (S12ZIPIMV1).
General purpose port A input or output pin 4. This pin is shared with the RXDCAN of the
6 PA4 MCU PA4/CAN RXD integrated msCAN module. See Port integration module (S12ZIPIMV1).
== General purpose port A input or output pin 3, shared with the Ss signal of the integrated
7 PA3 MCU PA3/SS SPl interface. See Port integration module (S12ZIPIMV1).
General purpose port A input or output pin 2, shared with the SCLK signal of the integrated
8 PA2 MCU PA2/SCK SPl interface. See Port integration module (S12ZIPIMV1).
MM9Z1_638

NXP Semiconductors



Table 2. MM9Z1_638 pin description (continued)

PIN ASSIGNMENT

Pin # Pin name Formal name Description
General purpose port A input or output pin 1, shared with the MOSI signal of the integrated

9 PA1 MCU PA1/MOSI SPl interface. See Port integration module (S12ZIPIMV1).

General purpose port A input or output pin 0, shared with the MISO signal of the integrated

10 PAO MCU PAO/MISO SPl interface. See Port integration module (S12ZIPIMV1).

11 VSSRX MCU 5.0 V Ground External ground for the MCU - VDDRX return path.

12 VDDRX MCU 5.0 V Supply 5.0 V MCU input power supply. This pin must be connected to VDDX.

13 VSS1 MCU 2.5V Ground External ground for the MCU - VDDD2D return path.

14 NC Not connected This pin must be grounded in the application.

15 VDDD2D MCU 2.5 V Supply \2/.§I;/HMCU input power supply for the die to die interface. This pin must be connected to

16 NC Not connected This pin must be grounded in the application.

17 DGND Digital Ground This pin is the device digital ground connection.

Voltage Regulator Output 2.5V output voltage. This pin must be connected to the VDDD2D. An external capacitor

18 VDDH ;

25V (CvppH) is needed.
19 GNDSUB Substrate Ground Substrate ground connection.
20 VDDX MCU 5.0 V and External 5.0 V output power supply for the internal MCU die and an external 8 or 14 pin CAN
CAN Supply interface. This pin must be connected to VDDRX. An external capacitor (Cyppyx) is needed.

21 NG Not connected This pin is not connected to the die. Within the application, it could be connected or left
open.

22 VSUP Power Supply This pin is the QeV|ce power supply pin. A reverse battery protection diode is required.
External capacitor(s) needed.

23 LIN LIN Bus This pin is the single-wire LIN bus.

24 LGND LIN Ground This pin is the device LIN ground connection.

Analog Voltage Regulator Voltage regulator output pin, to supply the analog front end, and the external temperature

25 VDDA o . .

Output sensor circuitry. An external capacitor (Cyppp) is needed.

26 AGND Analog Ground This pin is the device analog voltage regulator and LP oscillator ground connection.

27 GIZ-I;BZ/\N GND Switch Temp This pin is a switch to GND for connection of the external temperature sensors circuitry.
General purpose 5.0 V Input (connection to timer and selectable pull-down). This pin
shares several functions:

8 PTB4 Analog Input & General Temperature sensor input.

Purpose Input 4 Direct voltage sense, used with an external resistor divider
Wake-up input.
General purpose 5.0 V input

29 GNDSUB Substrate Ground Substrate ground connection.

30 ISENSEL Current Sense L Current sense input “Low”. ThIS.pIn is used in combination with ISENSEH to measure the
voltage drop across a shunt resistor.

31 ISENSEH Current Sense H Current sense input “high”. ThIS. pin is used in combination with ISENSEL to measure the
voltage drop across a shunt resistor.

32 ADCGND Analog Digital Converter Analog digital converter ground connection.

Ground
Precision battery voltage measurement input. This pin can be connected directly to the

33 VSENSEO Voltage Sense 0 bat.tery line for voltagg measuremgnts. The voltage prgset at this input is scaled dpwn by
an internal voltage divider. The pin is self protected against reverse battery connections. An
external resistor (Rysgnsg) is needed for protection.

Precision battery voltage measurement input. This pin can be connected directly to the

34 VSENSE1 Voltage Sense 1 battery line for voltage measurements. The voltage preset at this input is scaled down by

an internal voltage divider. The pin is self-protected against reverse battery connections. An
external resistor (Rysgnsg) is needed for protection.

MM9Z1_638
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PIN ASSIGNMENT

Table 2. MM9Z1_638 pin description (continued)

Pin # Pin name Formal name Description
Precision battery voltage measurement input. This pin can be connected directly to the
35 VSENSE2 Voltage Sense 2 bat.tery line for voltagg measuremgnts. The voltage prgset at this input is scaled den by
an internal voltage divider. The pin is self-protected against reverse battery connections. An
external resistor (Rysense) is heeded for protection.
Precision battery voltage measurement input. This pin can be connected directly to the
36 VSENSE3 Voltage Sense 3 bat.tery line for voltagg measuremgnts. The voltage prgset at this input is scaled df)wn by
an internal voltage divider. The pin is self-protected against reverse battery connections. An
external resistor (Rysgnsg) is heeded for protection.
This pin shares several functions:
37 PTR3 Analog Input & General Temperature sensor input.
Purpose 1/0 3 Direct voltage sense, used with an external resistor divider
General purpose 5.0 V 1/0O (connection to timer, LIN SCI, and selectable pull-up to VDDX).
This pin shares several functions:
38 PTR2 Analog Input & General Temperature sensor input.
Purpose 1/0 2 Direct voltage sense, used with an external resistor divider
General purpose 5.0 V I/0 (connection to timer, LIN SCI, and selectable pull-up to VDDX).
This pin shares several functions:
39 PTB1 Analog Input & General Temperature sensor input.
Purpose 1/0 1 Direct voltage sense, used with an external resistor divider
General purpose 5.0 V I/0 (connection to timer, LIN SCI, and selectable pull-up to VDDX).
This pin shares several functions:
40 PTBO Analog Input 0 Temperature sensor input.
Direct voltage sense, used with an external resistor divider
41 GNDSUB Substrate Ground Substrate ground connection.
42 LTO Logic Test Output Regerved pin for logic test output signal. Typical voltage is 2.5 V. Should be left open during
device operation.
43 TEST_A Test Mode Test mode pin. This pin must be grounded in applications.
44 DGND Digital Ground This pin is the device digital ground connection.
Reset output pin of the analog die in Normal mode. Bidirectional reset I/O of the analog die
45 RESET_A Reset I/0 in Stop mode. Active low signal with internal pull-up to VDDX. This pin must be connected
to RESET.
Bidirectional reset I/0 pin of the MCU die. Active low signal with internal pull-up to VDDRX.
46 RESET MCU Reset This pin must be connected to RESETA.
The BKGD/MODC pin is used as a pseudo-open-drain pin for the background debug
47 BKGD MCU Background Debug communication. It is used as an MCU operating mode select pin during reset. The state of
and Mode this pin is latched to the MODC bit at the rising edge of RESET. The BKGD pin has a pull-up
device. See Background debug controller (BDC).
48 PA7 MCU PA7 General purpose port A input or output pin 7. See Port integration module (S12ZIPIMV1).

3.2

Typical applications

Figure 5 and Table 3 show a typical application to illustrate some of the device capabilities.

Both CAN and LIN communications are described.

VSENSE_2 and VSENSE_3 inputs are used to show possible redundancy.

External wake-up via PTB4 is used.

Single external voltage sense is used utilizing PTB3.

Single external temperature sense is used utilizing PTBO.

MM9Z1_638
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PIN ASSIGNMENT
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Figure 5. Typical application example
Table 3. External components
Name Description value Comment
D1 Reverse Battery Diode N/A
CyvBAT1 Battery Decoupling Capacitor 4.7 uF
CvpaT2 Battery Decoupling Capacitor 100 nF
Rys2 Vsense Current Limitation 2.2 kQ
Rvss Vsense Current Limitation 2.2kQ
RsHUNT Current Measurement 50 to 200 pQ
RiseNSEL EMC resistor max 500 Q
RisENSEH EMC resistor max 500 Q
C|sENSEL EMC capacitor 2.2 nF (typ) Selection for best EMC performance
C|sENSEH EMC capacitor 2.2 nF (typ)
CISENSEHL EMC capacitor 2.2 nF (typ)
CLN LIN bus filter 2%0;? Selection per OEM requirement, for EMC and ESD performance.
Rpg PTB4 Protection Resistor 10 kQ Minimum value to meet max rating
Cps PTB4 Protection Capacitor 10 nF Minimum value to meet max rating
Cvbbx VDDX Decoupling Capacitor 470 nF
CubpH VDDH Decoupling Capacitor 470 nF ?gnztijtcij;t;c:]al 4.7 nF capacitor might be required for specific EMC test

MM9Z1_638
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PIN ASSIGNMENT

Table 3. External components (continued)

Name Description value Comment
CvppaA VDDA Decoupling Capacitor 47 nF
Rremp Temp Sense Serial Resistor 100 kQ
Rg Temperature Sensor N/A ex: NTC temperature Sensor
Rpo PTBO Protection Resistor 2.2kQ
Rps PTB5 Protection Resistor 1.0 KQ To meet maximum rating. Higher or different value might be required.
- - These components are optional and required to sustain EMC and ESD
Cps PTBS Protection Capacitor 2.2nF requirements when the pins go outside of the module.
Dps PTBS5 Protection Zener Diode 51V
VSENSE_EXT Protection
Ceat Capacitor 2.2nF
VSENSE_EXT Protection To meet maximum rgtlng. Higher or.dn‘ferent valge might be required. These
Cp3o . 22 nF components are optional and required to sustain EMC and ESD
Capacitor ) . )
requirements when the pins go outside of the module.
Res VSENSE_EXT Protection 10 kQ
Resistor
MM9Z1_638
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ELECTRICAL CHARACTERISTICS

4 Electrical characteristics

4.1 General

This section contains electrical information for the microcontroller and the analog die.

4.2 Absolute maximum ratings

Absolute maximum ratings are stress ratings only. A functional operation under or outside these maximums is not guaranteed. Stress
beyond these limits may affect the reliability, or cause permanent damage of the device.

This device contains circuitry protecting against damage due to high static voltage or electrical fields. However, it is advised that normal
precautions be taken to avoid application of any voltages higher than maximum rated voltages to this high-impedance circuit. Reliability

of operation is enhanced if unused inputs are tied to an appropriate voltage level. All voltages are with respect to ground, unless otherwise
noted.

Table 4. Absolute maximum electrical ratings - analog die

Symbol Value Unit

VSUP pin voltage Vysup -0.3 to 42 \%
VSENSEO, VSENSE1, VSENSE2 pin voltage with 2.2 k resistor in serial (") VVSENSE012 -40 to 42 \%
VSENSES3 pin voltage with 2.2k resistor in serial (") VySENSES -40 to 62 Y,
PTBO, PTB1, PTB2, and PTB3 Voltage VPTBO-3 -0.3 to VDDX+0.3 \
PTB4 direct voltage VPTB4 -0.3t0 7.0

PTB4 with external 47 k serial resistor 27 to 42 v
PTBS5 GND Switch current IPTB5 1.0 mA
ISENSEH and ISENSEL pin voltage V|SENSE -0.5to Vppat+0.25 \
ISENSEH and ISENSEL pin current lisENSE -1.0t0 1.0 mA
LIN pin voltage VBus -27t0 42 \
LIN pin current (internally limited) lBusLIM on page 18 mA
Voltage at VDDX Vppx -0.3t0 5.55 \%
Voltage at VDDH VppH -0.3t03.0 \
VDDH output current lvDDH internally limited mA
VDDX output current lvbbx internally limited mA
RESET_A pin voltage ViN -0.3 to Vppx+0.3 \

Notes:
1.1t has to be assured by the application circuit that these limits will not be exceeded, e.g. by ISO pulse 1.

Table 5. Maximum thermal ratings

Ratings Symbol Value Unit
Storage temperature TsTe -55 to 150 °C
Package thermal resistance @ Rgua 32 typ. °C/W

Notes:
2.Rgya value is derived using a JEDEC 2s2p test board

MM9Z1_638
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ELECTRICAL CHARACTERISTICS

4.3 Operating conditions

This section describes the operating conditions of the device. Conditions apply to all the following data, unless otherwise noted.

Table 6. Operating Conditions ©)

Ratings Symbol Value Unit
E;gfati[ci):;l operating supply voltage - Device is fully functional. All features are Vsup 351028 v
I.Ext.ended .range for. RAM Content is guaranteed. .Other device functionality is Vv 251035 v
limited. With Cranking mode enabled (see Cranking mode). SuPL
Functional operating VSENSEO voltage®®) VSENSED 0.0to 10 %
Functional operating VSENSE1 voltage®®) VsENSE1 0.0to 16 v
Functional operating VSENSE2 voltage®®) VsensSE2 0.0to 28 \Y
Functional operating VSENSE3 voltage®) VSENSES 0.0 to 52 %
External voltage and temperature sense input - PTB0-4 VpTB0-4 0.0t0 1.0 \
ISENSEH, ISENSEL voltage VISH/L -0.3t00.3 \Y
LIN output voltage range Vvsup_LIN 7.0t0 18 \Y
MCU oscillator fosc 4.0to0 16.384 MHz
MCU bus frequency feus 51.2 MHz
Operating ambient temperature Ta -40 to 125 °C
Operating junction temperature - analog die TJ_A -40 to 150 °C
Operating junction temperature - MCU die Tym -40 to 150 °C

Notes:

3.The parametric data are guaranteed while the pins are within Operating Conditions. Other conditions are presented at top of parametric tables or noted

into parameters.
4 Values for Vgpnsg-x > Max. Specified Value are flagged in the VTH bit.

4.4  Supply currents

This section describes the current consumption characteristics of the device, as well as the conditions for the measurements.

441 Measurement conditions

All measurements are without output loads. Unless otherwise noted the currents are measured in special single chip mode and the CPU
code is executed from RAM. For Run and Wait current measurements PLL is on and the reference clock is the IRC1M trimmed to
1.024 MHz. The bus frequency is 51.2 MHz and the CPU frequency is 102.4 MHz. Table 7 and Table 8 show the configuration of the
CPMU module for Run, Wait and Stop current measurement. Table 9 shows the configuration of the peripherals for run current

measurement
Table 7. CPMU configuration for pseudo stop current measurement
Bit settings/conditions
PLLSEL =0, PSTP =1, CSAD =0,
CPMUCLKS PRE = PCE = RTIOSCSEL = COPOSCSEL = 1
CPMUOSC OSCE = 1, External Square wave on EXTAL fgxtaL = 4.0 MHz, V| =1.8 V,
ViL=0V
CPMURTI RTDEC = 0, RTR[6:4] = 111, RTR[3:0] = 1111;
CPMUCOP WCOP =1, CR[2:0] = 111
MM9Z1_638

14 NXP Semiconductors
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Table 8. CPUM Configuration for Run/Wait and Full Stop Current Measurement

CPMU REGISTER Bit settings/conditions
CPMUSYNR VCOFRQ[1:0] = 3,SYNDIV[5:0] = 49
CPMUPOSTDIV POSTDIV[4:0] = 0,
CPMUCLKS PLLSEL =1, CSAD =0
CPMUOSC OSCE =0, Reference clock for PLL is frgr = flrcqm trimmed to 1.024 MHz
API settings for stop current measurement
CPMUAPICTL APIEA =0, APIFE =1, APIE =0
CPMUACLKTR trimmed to > 10 kHz
CPMUAPIRH/RL set to OXFFFF

Table 9. Peripheral configurations for run supply current measurements

Peripheral Configuration
SPI configured to master mode, continuously transmit data (0x55 or 0xAA) at 1.0 Mbit/s
msCAN continuously transmit data (0x55 and 0xAA) at 1.0 MBaud/s
D2DI continuously read data
COP COP Watchdog Rate 224
RTI enabled, RTI Control Register (RTICTL) set to $FF
DBG the module is disabled

Table 10. Analog die configurations for normal mode supply current measurements

Peripheral Configuration
D2D maximum frequency (25.600 MHz)
LIN enabled, 50% dominant, 50% recessive
TIMER enabled, all channels active in output compare mode with minimum timeout
LTC enabled, maximum timeout
SCI continuously transmitting data (0x55 or 0xAA) with 19.2 kBit/s
Current/voltage: highest sampling rate (8.0 kHz), LPF enabled, chopper ON for Current and
Temperature channels, OFF for Voltage channels and compensation enabled, automatic gain
Channels . . .
adjustment enabled temperature: internal temperature measurement enabled, 1.0 kHz sampling
rate
Table 11. Supply currents
Parameter Symbol Min. Typ.(5) Max. Unit
MM9Z1_638 combined consumption
Normal mode current measured at Vgp excluding external load current, (3.5 V < Vgyp | _ 35 40 mA
<28V, -40 °C < T, < 125 °C) parameter tested up to T, = 85 °C RUN
Normal mode current measured at Vg p - analog die contribution - excluding MCU and
external load current, (3.5 V <Vgyp <28 V; -40 °C < Ty <125 °C) parameter tested up | InormAL - 1.5 4.0 mA
to Tpy=85°C
Stop mode current measured at Vg p
« Continuous base current )
T=-40°C - 105 125
T=85°C - 110 195
T=125°C () IsTop - 210 450 WA
- Stop current during Cranking mode ()
T=-40°C - 110 135
T=85°C - 130 235
T=125°c( - 235 500
MM9Z1_638
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Table 11. Supply currents

Parameter Symbol Min. Typ.(s) Max. Unit
Sleep mode measured at Vgp
« Continuous base current ©)
T=-40°C IsLEEP - 65 85 MA
T=85°C - 65 135
T=125°C () - 85 145
Pseudo stop current ®
T=-40°C - 205 225 A
T=85°C - 210 305 H
T=125°c (™ - 310 550
(%;Jrrent adder during current trlgger event in stop or sleep modes- (typ. 10 ms duration _ 1500 1750 A
, temperature measurement = OFF)

Notes:
5.Typical values noted reflect the approximate parameter mean at T, = 25 °C.

6.From Vgyp 6.0 to 28 V

7.Guaranteed by design and characterization
8.Duration based on channel configuration. 10 ms typical for Decimation Factor = 512, Chopper = ON.

MM9Z1_638
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4.5 Analog die electrical characteristics

451 Static electrical characteristics

ELECTRICAL CHARACTERISTICS

All characteristics noted under conditions 3.5V <Vgyp <28V, -40 °C < T <125 °C, unless otherwise noted. Parameters tested up to
Ta = 85 °C unless otherwise noted.Typical values noted reflect the approximate parameter mean at T = 25 °C under nominal conditions,

unless otherwise noted.

Table 12. Static electrical characteristics - power supply

Parameter Symbol Min. Typ. Max. Unit
Low Voltage Reset L (POR) Assert (measured on LTO) v v

* Cranking Mode Disabled PORL 1.75 1.9 212
Low Voltage Reset L (POR) Deassert (measured on LTO) v v

+ Cranking Mode Disabled PORH 1.85 2.1 2.35
Low Voltage Reset L (POR) Assert (measured on LTO)

« Cranking Mode Enabled® VeorcL 1.0 1.3 1.7 v
Low Voltage Reset A (LVRA) Assert (measured on VDDA) VVRAL 1.9 2.05 2.2 \Y
Low Voltage Reset A (LVRA) Deassert (measured on VDDA) Vl_VRAH 2.0 2.15 2.3 \%
Low Voltage Reset X (LVRX) Assert (measured on VDDX) VLVRXL 2.5 2.75 3.0 \Y
Low Voltage Reset X (LVRX) Deassert (measured on VDDX) Vv vRxH 2.7 2.95 3.25 \Y
Low Voltage Reset H (LVRH) Assert (measured on VDDH) VLVRHL 1.9 2.075 2.2 \%
Low Voltage Reset H (LVRH) Deassert (measured on VDDH) VLVRHH 2.05 2175 2.3 \%
Undervoltage Interrupt (UVI) Assert (measured on VSUP), Cranking Mode Disabled VUV”_ 4.65 5.2 6.15 \Y
Undervoltage Interrupt (UVI) Deassert (measured on VSUP), Cranking Mode Disabled VUVIH 4.9 5.4 6.3 \%
Lé:;gggltage Cranking Interrupt (UVI) Assert (measured on VSUP) Cranking Mode Vuvcn_ 34 36 4.0 Vv
Lé:;gggltage Cranking Interrupt (UVI) Deassert (measured on VSUP) Cranking Mode Vuvc|H 35 38 4.15 Vv
VSENSE2 High Voltage Warning Threshold Assert('0) Vo, 28 v
Notes:
9.Deassert with Cranking off = VF,ORH
10.5.0 V < Vgyp <28V, Digital Threshold at the end of channel chain (incl. compensation)

Table 13. Static electrical characteristics - resets
Parameter Symbol Min. Typ. Max. Unit
Low-state Output Voltage Igyt = 2.0 mA VoL - - 0.8 \
Pull-up Resistor Rrpu 25 - 50 kQ
Low-state Input Voltage \i - - 0.3Vppx \%
High-state Input Voltage ViH 0.7Vppx - - v
Reset Release Voltage (VDDX) VRsTRV 0.0 0.02 1.0 \Y
RESET_A pin Current Limitation ILIMRST - - 10 mA
Table 14. Static electrical characteristics - voltage regulator outputs
Parameter Symbol Min. Typ. Max. Unit
Analog Voltage Regulator - VDDA(")
Output Voltage lyppa < 1.0 mA Vbpa 2.25 25 2.75 \Y,
Output Current Limitation (Max. value occurs under VDDA short to GND condition) lvDDA - - 30 mA
Load current available for external sensor supply(i.e Temp sensor) lvDDA EXT - - 1.0 mA
Line regulation, Vgyp 3.5t0 28 V, I_Load 1.0 mA LINE REGA -30 - 30 mV
MM9Z1_638
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Table 14. Static electrical characteristics - voltage regulator outputs (continued)

Parameter Symbol Min. Typ. Max. Unit
Load regulation, |_Load 2.0 pA - 3.0 mA(12) LOAD REGA -50 - 50 mV
Voltage in Low-power modes (sleep and stop) VDDA LP - 0.0 100 mV
Logic Test Output - LTO(™)
Output Voltage Vito 2.25 25 2.75 \
Output current limitation (for pin FMEA purpose only) Ilto 1.0 - 30 mA
High Power Digital Voltage Regulator - VDDH('3)
Output Voltage 1.0 mA < ly,ppy < 18 mA VppH 24 25 2.75 \
Output Current Limitation lvDDH - - 65 mA
5.0 V Voltage Regulator - VDDX(13)
Output Voltage in Normal Mode, 1.0 mA < lyppx < 150 mA, Vgyp > 5.5V Vppx 4.75 5.0 5.25 \
Output Current Limitation lvbpx 150 - 300 mA

Load current available for external supply - Vgyp> 5.5V, for all external loads like:

CAN transceiver, MCU 1/Os, and PTBx for external temperature sensors. voox ExT B - 100 mA
Output Voltage in Low-power Stop mode lyppx < 2.0 mA
* Vgup> 5.5V VbpxsTP 4.75 5.0 5.25 \Y
. VSUP >35V 3.2 - bl
Line regulation in normal mode, Vgyp 6.0 to 18 V, no load and I oap = 150 mA Line Reg Vx -50 - 50 mV
Load regulation in normal mode, Vgyp 6.0 V, I_oap < 150 mA Load Reg Vx - - 300 mV
Line regulation in Low-power Stop mode Vgyp 5.5to 18 V LT/?(FPeg -50 - 50 mV
Load regulation in Low-power Stop mode Load Reg - - 100 mV
VxLP
Output current limitation in Low-power Stop mode lvDDXSTP 3.0 - 10 mA
Drop voltage, I oap < lLim (IVopx) VDDXpgrp - - 300 mvV
External decoupling capacitor C at Vppx - 470 - nF

Notes:

11.No additional current must be taken from those outputs.

12.Total VDDA regulator current, including internal device consumption

13.The specified current ranges does include the current for the MCU die. No external loads recommended.

Table 15. Static electrical characteristics - LIN physical layer interface - LIN

Parameter Symbol Min. Typ. Max. Unit
Current Limitation for Driver dominant state. Vgyg =18 V IBusLIM 40 120 200 mA
Input Leakage Current at the Receiver incl. Pullup Resistor Rg| ayg; Driver lsUs PAS DOM 1.0 _ _ mA
OFF; Vgys =0 V; Vgar =12V A
Input. Leakage Current at .the Receiver incl. Pul_lup Resistor Rg_avg; Driver lsus PAS REC _ _ 20 uA
OFF; 8.0 V <Vgar <18 V; 8.0V <Vpys <18 V; Vgys = Vgar A
I1n8p§1/t; I\_/(-JBiI;aSjZC{J/rrent; GND Disconnected; GNDpgyce = Vsup; 0 < Vgys < lUS_NO_GND 1.0 _ 10 mA
Input Leakage Current; Vgar disconnected; Vsyp pevice = GND; 0 < Vpgyg < lsUs NG BAT _ _ 10 uA
18V N
Receiver Input Voltage; Receiver Dominant State Vsusbom - - 0.4 Vsup
Receiver Input Voltage; Receiver Recessive State VBUSREC 0.6 - - Vsup
Receiver Threshold Center (Vry_pom *+ VrH_rec)?2 VBUS_CNT 0.475 0.5 0.525 Vsup
Receiver Threshold Hysteresis (V14_rec - VTH_pom) VBUS_HYS - - 0.175 Vsup
Voltage Drop at the serial Diode Dser INT 0.3 0.7 1.0 \Y
LIN Pull-up Resistor RsLave 20 30 60 kQ
LIN Internal Capacitor (14) CuiN - 5.0 30 pF

MM9Z1_638
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Table 15. Static electrical characteristics - LIN physical layer interface - LIN (continued)

Parameter Symbol Min. Typ. Max. Unit
Low Level Output Voltage, Igys=40 mA Vbowm - - 0.3 Vsup
High Level Output Voltage, Igys=-10 pA, R =33 kQ VREC VSUP-1 - - \
J2602 Detection Deassert Threshold for VSUP level V j2602H 5.9 6.3 6.7 \
J2602 Detection Assert Threshold for VSUP level V 26021 5.8 6.2 6.6 \
J2602 Detection Hysteresis V j2602HYS 70 190 250 mV
BUS Wake-up Threshold VUnwuP 4.0 5.25 6.0 \Y%

Notes:
14.This parameter is guaranteed by process monitoring but not production tested.

Table 16. Static electrical characteristics - high voltage input - PTB4

Parameter Symbol Min. Typ. Max. Unit
Wake-up Threshold - Rising Edge V\WTHR 1.3 2.6 3.4 \Y
Input High-voltage (digital Input) Viy 0.7Vppx - Vppx+0.3 \
Input Low-voltage (digital Input) ViL Vgs-0.3 - 0.35Vppx \
Input Hysteresis Vuys - 140 - mV
Internal Positive Clamp Voltage VpTBACLMP - 9.8 - \
Input Current PTB4, V| = 8V IIN -10 0 10 uA
Internal Pull-down Resistance(1®) Rpp 50 100 200 kQ
External Series Resistor RpTB4 42.3 47 51.7 kQ
External Capacitor Cp1es - 22 - nF

Notes:
15.Disabled by default.

Table 17. Static electrical characteristics - general purpose 1/0 - PTBJ[1...3]

Parameter Symbol Min. Typ. Max. Unit
Input ngh Voltage V|H O'7VDDX - VDDX+O'3 \
Input Low Voltage Vi Vgs-0.3 - 0.35Vppx \
Input Hysteresis Vhys - 140 - mV
Input Leakage Current (pins in high-impedance input mode) | 1.0 _ 10 uA
(ViN = Vppx or Vssx) N ’ '
PTB1, 2, 3. Output High Voltage (pins in output mode), Iy = 5.0 mA VoH Vppx-0.8 - - \Y
PTB1, 2, 3. Output Low Voltage (pins in output mode), Io_ = 5.0 mA VoL - - 0.8 \%
Interrg?é)Pull-up Resistance for PTB1, 2, 3 only (V,4 min. > Input voltage > V_ ReuL 25 375 50 KO
max)
Input Capacitance Cin - 6.0 - pF
Output Drive strength at 10 MHz Cout - - 100 pF
Notes:
16.Disabled by default.

Table 18. Static electrical characteristics - general purpose 1/O - PTB5

Parameter Symbol Min. Typ. Max. Unit

PTBS5 switch to GND: On resistance PTB5gronN 20 50 100 Q
MM9Z1_638
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Table 19. Static electrical characteristics - current sense module

Parameter

Symbol

Min.

Typ.

Max.

Unit

Gain Error (17: (18)

« without common mode from -40 °C to 85 °C (20)
without life time drift
including life time drift

« without common mode from 85 °C to 125 °C (20)
without life time drift
including life time drift

« additional common mode error for gain 64 and 256 (20)

IGAINERR

-0.3
-0.5

-0.5
-0.7
-0.2

0.3
0.5

0.5
0.7
0.2

%

Offset Error (17).(18).(19)

loFFSETERR

0.5

N\

Resolution (LSB)
+ COMP_TF.IRSEL = 000 (50 pQ)
+ COMP_TF.IRSEL = 001 (75 p<)
+ COMP_TF.IRSEL = 010 (100 p<)
+ COMP_TF.IRSEL = 011 (150 p<)
+ COMP_TF.IRSEL = 100 (200 pQ)

IRes

0.05
0.75
0.1
0.15
0.2

"

ISENSEH, ISENSEL 20)

« terminal voltage range for gain 4 and 16 for specified gain error without
additional common mode error

« terminal voltage range for gain 64 for specified gain error without additional
common mode error

« terminal voltage range for gain 256 for specified gain error without
additional common mode error

« differential signal voltage range

Vine

VinD

300

100

50

150

mV

PGA Gains
* gain4
* gain 16
* gain 64
* gain 256

PGAgaIN

16
64
256

Differential Leakage Current: differential voltage between ISENSEH/
ISENSEL, with IsenseH or IsenseL connected to GND

Isense_pLc

2.0

nA

Wake-up Current Threshold Resolution

IRESWAKE

0.2

N\

Resistor Threshold for OPEN Detection

Ropen

1.25

1.8

MQ

Notes:

17.Device trimmed and after system calibration. Automatic gain compensation over temperature.

18.Chopper Mode = ON, Gain with automatic gain control enabled
19.Parameter not tested. Guaranteed by design and characterization
20.Voltage level referred to AGND.

Table 20. Static electrical characteristics - voltage sense module (??)

Parameter

Symbol

Min.

Typ.

Max.

Unit

VSENSEDQO internal resistor divider ratio

VS0_div

10

VSENSE1 internal resistor divider ratio

VS1_div

16

VSENSE?2 internal resistor divider ratio

VS2_div

28

VSENSES3 internal resistor divider ratio

VS3_div

52

VSENSEQ, accuracy (accuracy includes both gain and offset errors) @1 (23)

 from -40 to 85 °C, input range 1.8 Vto 10 V
+ from -40 to 85 °C, input range 1.25Vto 1.8 V
+ from 85 to 125 °C, input range 1.8 V to 10 V
 from 85 to 125 °C, input range 1.25V to 1.8 V

VS0 ACC

-0.25
-0.5
-0.5
-0.6

0.25
0.5
0.5
0.6

%

VSENSE1, accuracy (accuracy includes both gain and offset errors) @1 (23)

 from -40 to 85 °C, input range 2.8 V to 16 V
» from -40 to 85 °C, input range 2.0 V to 2.8 V
+ from 85 °C to 125 °C, input range 2.8 V to 16 V
» from 85 °C to 125 °C, input range 2.0 Vt0 2.8 V

VS1 ACC

-0.15
-0.5
-0.25
-0.5

0.15
0.5
0.25
0.5

%
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Table 20. Static electrical characteristics - voltage sense module ?® (continued)

Parameter Symbol Min. Typ. Max. Unit
VSENSE2, accuracy (accuracy includes both gain and offset errors) (21). (23)
« from -40 to 85 °C, input range 5.0 V to 28 V -0.15 - 0.15
» from -40 to 85 °C, input range 3.5 Vto 5.0V V82acc -0.5 - 0.5 %
» from 85 °C to 125 °C, input range 5.0 V to 28 V -0.25 - 0.25
» from 85 °C to 125 °C, input range 3.5V to 5.0 V -0.5 - 0.5
VSENSES3, accuracy (accuracy includes both gain and offset errors) (21). (23)
« from -40 to 85 °C, input range 9.4 V to 50 V -0.15 - 0.15
« from -40 to 85 °C, input range 6.5V t0 9.4 V or > 50 V VS83acc -0.5 - 0.5 %
« from 85 °C to 125 °C, input range 9.4 V to 50 V -0.25 - 0.25
» from 85 °C to 125 °C, input range 6.5V t0 9.4 V and > 50 V -0.5 - 0.5
VSENSE[O0..3] Drift
« drift due to MSL3 (according JEDEC J-STD-020) reflow VSpRIFT - 0.03 - %
« drift due to Life Time Drift - -6.0 - ppb/h
VSENSEQO,resolution and offset @1
* voltage measurement resolution VSOro - 0.25 - mV
« extrapolated offset error - +3.7 -
VSENSE1,resolution and offset @7
« voltage measurement resolution VS1ro - 0.25 - mV
« extrapolated offset error - +3.7 -
VSENSE2, resolution and offset ")
« voltage measurement resolution VS82ro - 0.5 - mV
* extrapolated offset error - +6.2 -
VSENSES3, resolution and offset @1
* voltage measurement resolution VS3ro - 1.0 - mV
« extrapolated offset error - +19.4 -
Notes:

21.Device trimmed and after system calibration. Automatic gain compensation over temperature.
22.The data are valid for both chop modes (off and on). The dies are delivered with chop off compensation values.
23.Including 2.2 kQ perfect resistor into measurement path.

Table 21. Static electrical characteristics - internal temperature sense module

Parameter Symbol Min. Typ. Max. Unit

Measurement Range TRANGE -40 - 150 °C
Accuracy

*+-40°C<T;<85°C Tacc -2.0 - 2.0 K

+ 85°C<T,;<150 °C (34 -3.0 - 3.0
Resolution TREs - 8.0 - mK
Max. Calibration Request Interrupt Temperature Step TcALSTEP -25 - 25 K
Notes:

24 Temperature not tested in production. Guaranteed by design and characterization.

Table 22. Static electrical characteristics - PTBO to 4 voltage and temperature measurements

Parameter Symbol Min. Typ. Max. Unit

PTBO, 1, 2, 3, and 4: measurement resolution for voltage measurement (PTBx PTBO-4 _ o5 _ Vv
routed to Voltage Analog to Digital Converter) VRES "
PTBO, 1, 2, 3 and 4: voltage sense gain error from -40 °C to 85 °C

- input range 0.0 V to 1.0 V (25) PTBOA -0.15 - 0.15 o
PTBO, 1, 2, 3 and 4: voltage sense gain error from 85 °C to 125 °C ACC °

« input range 0.0 V to 1.0 V (25) -0.25 - 0.25
PTBO, 1., 2,3 and°4: extrapolated voltage sense offset error, obtained by linear PTBO-4orr 05 _ 05 mv
regression at 25 °C.

MM9Z1_638
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Table 22. Static electrical characteristics - PTB0 to 4 voltage and temperature measurements (continued)

Parameter Symbol Min. Typ. Max. Unit
PTBO, 1, 2, 3, and 4: measurement resolu.tic.)n for temperature measurement PTBO-47res _ 19 _ ny
(PTBx routed to Temperature Analog to Digital Converter)
PTBO, 1, 2, 3 and 4: temperature sense gain error (25) PTBO-41sc -0.15 - 0.15 %
Offset temperature coefficient -12 -7.0 0.0 uv/°ec

Notes:
25.Device trimmed and after system calibration. Automatic gain compensation over temperature.

4.5.2 Dynamic electrical characteristics

Dynamic characteristics noted under conditions 3.5 V<Vgyp <28V, -40 °C < Tp <125 °C, unless otherwise noted. Parameters tested up
to Tp = +85° C, unless otherwise noted. Typical values noted reflect the approximate parameter mean at Tp = 25 °C under nominal
conditions, unless otherwise noted.

Table 23. Dynamic electrical characteristics - modes of operation

Parameter Symbol Min. Typ. Max. Unit

Low Power Oscillator Frequency foscL - 512 - kHz
Low Power Oscillator Tolerance overtemperature range (26)

*+-40t0 85°C " -3.0 - 3.0 Y

+ after life time -40 to 85 °C TOL_A 3.5 - 35 ’

+ 85t0125°C -8.0 - 3.5
Low Power Oscillator Tolerance - synchronized ALFCLK?7)

* ALF clock cycle =1.0 ms fro-0.2 fro 0.2

* ALF clock CyCIe =2.0ms fTOLC_A fTOL-0.1 fTOL fTOL+0'1 %

» ALF clock cycle =4.0 ms fror-0.05 froL+0.05

* ALF clock cycle = 8.0 ms fro-0.025 fro +0.025

Notes:
26.At T =125 °C: min = -8.0%, max = -1.0%.
27.Parameter not tested. Guaranteed by design and characterization.

Table 24. Dynamic electrical characteristics - die to die interface - D2D

Parameter Symbol Min. Typ. Max. Unit

Operating Frequency (D2DCLK, D2DJ[0:3]) fo2p - - 25.600 MHz

Table 25. Dynamic electrical characteristics - resets

Parameter Symbol Min. Typ. Max. Unit
Reset Deglitch Filter Time tRsTDF 1.0 2.0 3.2 us
Reset Release Time for WDR and HWR tRsSTRT - 32 - us

Table 26. Dynamic electrical characteristics - wake-up / cyclic sense

Parameter Symbol Min. Typ. Max. Unit

(28)

Cyclic Wake-up Time tWAKEUP ALFCLK - TIM4CH ms

tSTEP ALFCLK - 16Bit ms

Cyclic Current Measurement Step Width(@9)

Notes:
28.Cyclic wake-up on ALFCLK clock based 16 Bit TIMER with maximum 128x prescaler (min 1x)
29.Cyclic wake-up on ALFCLK clock with 16 Bit programmable counter

MM9Z1_638

22 NXP Semiconductors



ELECTRICAL CHARACTERISTICS

Table 27. Dynamic electrical characteristics - window watchdog

Parameter Symbol Min. Typ. Max. Unit

Initial Non-window Watchdog Timeout tiwbpTo 256 ms. see Section 6.2.3 ms

Table 28. Dynamic electrical characteristics - LIN physical layer interface - LIN

Parameter Symbol Min. Typ. Max. Unit
Bus Wake-up Deglitcher (Sleep and Stop Mode) tPrOPWL 60 80 100 us
Fast Bit Rate (Programming Mode) BRErasT - - 100 kBit/s
Propagation delay of receiver trx_PD - - 6.0 us
Symmetry of receiver propagation delay rising edge w.r.t. falling edge trRx_sym -2.0 - 2.0 us
TxD Dominant Timeout trxDDOM 4 - 8 ms

LIN Driver - 20.0 kBit/s; bus load conditions (Cgys; Rgys): 1.0 nF; 1.0 kQ / 6,8 nF;660 Q / 10 nF;500 Q

Duty Cycle 1:
THREC(MAX) =0.744 x VSUP
THpommax) = 0-581 x Vsup D1 0.396 - -

70V< VSUP <18 V, tB|T =50 MS;
D1 = tgys_recviny(2 X tgiT)

Duty Cycle 2:
THREC(MlN) =0.422 x VSUP
THpomin) = 0.284 X Vgyp D2 - - 0.581

76V SVSUP <18V, tBitz 50 us
D2 = tgys_recvaxy/(2 X tgiT)
LIN Driver - 10.0 kBit/s; bus load conditions (Cgys; Rgys): 1.0 nF; 1.0 k2 / 6,8 nF;660 Q / 10 nF;500 Q

Duty Cycle 3:
THREC(MAX) =0.778 x VSUP
THDOM(MAX) =0.616 x VSUP D3 0.417 - —

70V< VSUP <18V, tBit =96 us
D3 = tgus_recminy/(2 X tgiT)

Duty Cycle 4:
THREC(MlN) =0.389 x VSUP
THpominy = 0-251 x Vgyp D4 - - 0.590

76V< VSUP <18V, tBlT =96 us
D4 = tgys_recmaxy/(2 X tgiT)
LIN Transmitter Timing, (Vgyp from 7.0 to 18 V) - See Figure 6

Transmitter Symmetry
tTRANfSYM < MAX(ttran_symGO%, tTRANfSYM4OO/°) K
trran_symB0% = trran_ppr60% - trran_ppRE0% fTRAN_SYM 728 00 728 he
trran_sym40% = trran_ppF40% - trran_pDR4A0%

TXD
BUS
60%
40%
ttran_pdf60% ttran_pdr40%
ttran_pdf40% ttran_pdr60%

Figure 6. LIN Transmitter Timing
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Table 29. Dynamic electrical characteristics - general purpose /O - PTB4
Symbol Min. Typ. Max. Unit
Wake-up filter time, positive edge tpTB4-PF - 20 - us
Wake up filter time 1, negative edge tPTB4-NF1 350 700 1000 ns
Wake up filter time 2, negative edge tpTB4-NF2 0.8 1.6 22 us
Table 30. Dynamic electrical characteristics - general purpose 1/0 - PTBJ[1...3]
Symbol Min. Typ. Max. Unit
GPIO Digital Frequency fp1B - - 5.0 MHz
Propagation Delay - Rising Edge(3°) tPDr - - 20 ns
Rise Time - Rising Edge(®?) trisE - - 17.5 ns
Propagation Delay - Falling Edge(30) tppf - - 20 ns
Rise Time - Falling Edge®®?) teaLl - - 17.5 ns
Notes:
30.Load PTBx = 100 pF
Table 31. Dynamic electrical characteristics - current sense module
Symbol Min. Typ. Max. Unit
Frequency Attenuation®1-(32)
+ <100 Hz (fpass) - - 3.0 dB
* >500 Hz (fsTop) 40 - -
Signal Update Rate(®?) fluPDATE 0.5 - 8.0 kHz
Signal Path Match with Voltage Channel (%) flVMATCH - 2.0 - us
Gain Change Duration (Automatic GCB active)(®4 tec - - 14 us
Notes:
31.Characteristics identical to Voltage Sense Module
32.With default LPF coefficients
33.After passing decimation filter
34.Parameter not tested. Guaranteed by design and characterization.
Table 32. Dynamic electrical characteristics - voltage sense module
Parameter Symbol Min. Typ. Max. Unit
Frequency attenuation(®°)(36)
* 95to 105 Hz (fpass) - - 3.0 dB
* >500 Hz (fsTop) 40 - -
Signal update rate®”) fyUPDATE 0.5 - 8.0 kHz
Signal path match with Current Channel(8) flymATCH - 2.0 - us
Notes:
35.Characteristics identical to Voltage Sense Module
36.With default LPF coefficients
37.After passing decimation filter
38.Parameter not tested. Guaranteed by design and characterization.
Table 33. Dynamic electrical characteristics - temperature sense module
Parameter Symbol Min. Typ. Max. Unit
Signal Update Rate(®®) frUPDATE 1.0 - 4.0 kHz

Notes:

39.1.0 kHz with Chopper Enabled, 4.0 kHz with Chopper Disabled (fixed decimeter = 128)

MM9Z1_638
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ELECTRICAL CHARACTERISTICS
4.6 S1221128 electrical characteristics
4.6.1 Electrical Characteristics

4.6.1.1 General

This supplement contains the most accurate electrical information for the MC9S12ZI-Family microcontroller available at the time of
publication.

This introduction is intended to give an overview on several common topics like power supply, current injection etc.

4.6.1.2 Parameter classification

The electrical parameters shown in this supplement are guaranteed by various methods. To give the customer a better understanding the
following classification is used and the parameters are tagged accordingly in the tables where appropriate.

Note
This classification is shown in the column labeled “C” in the parameter tables where appropriate.

+ P: Those parameters are guaranteed during production testing on each individual device.

+ C: Those parameters are achieved by the design characterization by measuring a statistically relevant sample size across process
variations.

« T: Those parameters are achieved by design characterization on a small sample size from typical devices under typical conditions
unless otherwise noted. All values shown in the typical column are within this category.

» D: Those parameters are derived mainly from simulations.

4.6.1.3 Power supply

The VDDD2D, VSSD2D/VSSD2D1 pin pair supplies the D2DI interface.
The VDDRX, VSSRX pin pair supplies the 1/O pins.
VSSD2D & VSSD2D1 pins are internally connected by metal.

4.6.1.4 Pins

There are four groups of functional pins.

4.6.1.41 /0 Pins

The 1/0O pins have a level in the range of 3.13 V to 5.5 V. This class of pins is comprised of all port I/O pins, the analog inputs, BKGD and
the RESET pins. Some functionality may be disabled.

4.6.1.4.2 D2DI interface
The pins D2DI interface pins have a level in the range of 2.5 V +/-5%.

4.6.1.4.3 Oscillator

The pins EXTAL, XTAL have a nominal 1.8 V level. Whenever the MCU is running on the internal clock, the oscillator pins may be used
as /O pins at a voltage level of 3.13 V to 5.5 V.

4.6.1.4.4 TEST

This pin is used for production testing only. The TEST pin must be tied to ground in all applications.

MM9Z1_638
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4.6.1.5 Current injection

Power supply must maintain regulation within Vpprx operating range during instantaneous and operating maximum current conditions. If
positive injection current (V;, > Vpprx) is greater than Ippy, the injection current may flow out of Vpprx and could result in external power
supply going out of regulation. Ensure external Vpprx load will shunt current greater than maximum injection current. This will be the
greatest risk when the MCU is not consuming power; e.g., if no system clock is present, or if clock rate is very low which would reduce
overall power consumption.

4.6.1.6 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only. A functional operation under or outside those maxima is not guaranteed. Stress beyond
those limits may affect the reliability or cause permanent damage of the device.

This device contains circuitry protecting against damage due to high static voltage or electrical fields; however, it is advised that normal
precautions be taken to avoid application of any voltages higher than maximum-rated voltages to this high-impedance circuit. Reliability
of operation is enhanced if unused inputs are tied to an appropriate logic voltage level (e.g., either Vgsrx or Vpprx)-

Table 34. Absolute maximum ratings®“?

Rating Symbol Min. Max. Unit
Digital logic and 1/0 supply voltage VbDRX -0.3 5.55 \
D2DlI interface supply voltage Vpbpp2D -0.3 3.0 \Y
Digital I/0 input voltage (PAO....PA7, PBO, PB1) ViN -0.3 6.0 \Y
EXTAL, XTAL Vv -0.3 2.16 \
Instantaneous maximum current, Single pin limit for all digital 1/0 pins®? ID -25 +25 mA
Instantaneous maximum current, Single pin limit for EXTAL, XTAL IDL -25 +25 mA
Storage temperature range Tstg —65 150 °C

Notes:
40.Beyond absolute maximum ratings device might be damaged.
41.All digital I/0 pins are internally clamped to Vggrx and Vpprx-

4.6.1.7 ESD protection and latch-up immunity
All ESD testing is in conformity with CDF-AEC-Q100 stress test qualification for automotive grade integrated circuits. During the device
qualification ESD stresses were performed for the Human Body Model (HBM) and the Charge Device Model.

A device will be defined as a failure if after exposure to ESD pulses the device no longer meets the device specification. Complete DC
parametric and functional testing is performed per the applicable device specification at room temperature followed by hot temperature,
unless specified otherwise in the device specification.

Table 35. ESD and latch-up test conditions

Model Description Symbol Value Unit
Series Resistance R1 1500 Q
Storage Capacitance C 100 pF
Human Body Number of Pulse per pin -
positive - 3
negative 3
Series Resistance R1 0 Q
Storage Capacitance C 200 pF
Machine Number of Pulse per pin -
positive - 3
negative 3
Minimum input voltage limit -2.5 \%
Latch-up
Maximum input voltage limit 7.5 \Y
MM9Z1_638
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Table 36. ESD and latch-up protection characteristics

ELECTRICAL CHARACTERISTICS

Cc Rating Symbol Min. Max. Unit
Cc Human Body Model (HBM) VuBM 2000 - \
Cc Machine Model (MM) Vum 200 - \
C Charge Device Model (CDM) Veoum 500 - \
C Charge Device Model (CDM) (Corner Pins) Veom 750 - \Y
Latch-up Current at 125 °C
Cc positive I AT +100 - mA
negative -100 -
Latch-up Current at 27 °C )
C positive I AT +200 ) mA
negative -200

4.6.1.8 Operating conditions

This section describes the operating conditions of the device. Unless otherwise noted those conditions apply to all the following data.

Table 37. Operating conditions

Rating Symbol Min. Typ. Max. Unit

1/0 and supply voltage VbDRX 3.13 5 5.5 \
D2DlI interface supply voltage Vppp2D 2.375 2.5 2.625 \Y
Digital logic supply voltage Vpp 1.72 1.8 1.98 \%
Oscillator fosc 4 — 16.384 MHz
Bus frequency fous 1 — 51.2 MHz
D2DI frequency*?) faodi — — 25.6 MHz
Temperature Option M

Operating junction temperature range Ty -40 — 150 °C

Operating ambient temperature range TA -40 27 125

Notes:
42'VDDD2D =25V +/-5%

4.6.1.9

I/0 characteristics

Note
Operation is guaranteed when powering down until low voltage reset assertion.

This section describes the characteristics of all I/O pins except EXTAL, XTAL, TEST, D2DI, and supply pins.

Table 38. I/0 characteristics .

Conditions are 3.13 V < Vpprx< 5.5 V junction temperature from —40 °C to +150 °C, unless otherwise noted. /O Characteristics for all

I/O pins except EXTAL, XTAL, TEST, and supply pins.

Cc Rating Symbol Min. Typ. Max. Unit
P | Input high voltage VIH 0.65*Vpprx — — \Y
T | Input high voltage Viy — — Vbprx*0.-3 \
P | Input low voltage Vi — — 0.35*Vpprx \Y
T |Input low voltage VL Vgsrx—0.3 — — \Y
C | Input hysteresis VHYS — 250 — mV
Input leakage current (pins in high-impedance input mode)(43)
P | Vin = VDDRX or VSSRX L HA
M temperature range —40 °C to +150 °C -1.00 — 1.00
MM9Z1_638
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Table

38. 1/0 characteristics (continued).

Conditions are 3.13 V < Vpprx< 5.5 V junction temperature from —40 °C to +150 °C, unless otherwise noted. I/O Characteristics for all
I/O pins except EXTAL, XTAL,TEST, and supply pins.

C Rating Symbol Min. Typ. Max. Unit
Output high voltage (pins in output mode)

P loH = —4 mA Vou Vpprx — 0.8 — — \

c Outp_ut low voltage (pins in output mode) v . . 08 v
loL = +4mA oL

D [Input capacitance Cin — 7.0 — pF
Injection current*4) .

T | Single pin limit lics -2.5 o 2.5 mA
Total device Limit, sum of all injected currents licp -25 25

Notes:

43.Maximum leakage current occurs at maximum operating temperature. Current decreases by approximately one-half for each 8.0 °C to 12 °C in the
temperature range from 50 °C to 125 °C.
44 Refer to Current injection” for more details

4.6.2

4.6.2.1

NVM electrical parameters

NVM timing parameters

The time base for all NVM program or erase operations is derived from the bus clock using the FCLKDIV register. The frequency of this
derived clock must be set within the limits specified as fyymop. The NVM module does not have any means to monitor the frequency and
will not prevent program or erase operation at frequencies above or below the specified minimum. When attempting to program or erase
the NVM module at a lower frequency, a full program or erase transition is not assured.

Table 39 provides the time required to execute specific flash commands. All timing parameters are a function of the bus clock frequency,
favmsus- All program and erase times are also a function of the NVM operating frequency, fyymop:

Table 39. NVM timing characteristics

Num Command fg‘;’é"g’ fNé’;"'c?gs Symbol Min.#% | Typ.#®) | Max.?) | Lfmax “® | unit
1 Bus frequency 1 fnvMmBUS 1 50 51.2 MHz
2 Operating frequency 1 fnvmor 0.8 1.0 1.05 MHz
3 | Erase Verify All Blocks 49)-(0) 0 35384 tRDIALL 0.71 0.71 1.42 70.77 ms
4 | Erase Verify Block (Pflash) (%) 0 33337 tRD1BLK_P 0.67 0.67 1.33 66.67 ms
5 |Erase Verify Block (EEPROM) (%0) 0 2573 tRD1BLK D 0.05 0.05 0.10 5.15 ms
6 Erase Verify P-Flash Section 0 505 trRD1SEC 0.01 0.01 0.02 1.01 ms
7  |Read Once 0 481 tRDONCE 9.62 9.62 9.62 481.00 us
8 Program P-Flash (4 Word) 164 3077 tram_4 0.22 0.23 0.41 12.51 ms
9 Program Once 164 3054 tPGMONCE 0.22 0.23 0.23 3.26 ms
10 | Erase All Blocks (49)-(50) 100066 35773 tersALL 96.02 | 100.78 101.50 196.63 ms
11 | Erase Flash Block (Pflash) %) 100060 33596 teRsSBLK_P 9597 | 100.73 101.40 192.27 ms
12 | Erase Flash Block (EEPROM) (°0) 100060 2895 teRSBLK D 9535 | 100.12 100.18 130.87 ms
13 |Erase P-Flash Sector 20015 914 terspo 19.08 20.03 20.05 26.85 ms
14 | Unsecure Flash 100066 35838 tunsecu 96.02 | 100.78 101.50 196.76 ms
15 Verify Backdoor Access Key 0 515 tvEYKEY 10.30 10.30 10.30 515.00 us
16 Set User Margin Level 0 427 tMLoADU 8.54 8.54 8.54 427.00 us
17 Set Factory Margin Level 0 436 tMLOADF 8.72 8.72 8.72 436.00 us
18 Erase Verify EEPROM Section 0 583 tDRD1SEC 0.01 0.01 0.02 117 ms
19 | Program EEPROM (1 Word) 68 1657 topaM 1 0.10 0.10 0.20 6.71 ms
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Table 39. NVM timing characteristics

ELECTRICAL CHARACTERISTICS

Num Command f';‘;'(‘:"lzp fNé’y"g:S Symbol Min.49) | Typ.#8) | Max.”) | Lfmax “® | unit
20 Program EEPROM (2 Word) 136 2660 topam 2 0.18 0.19 0.35 10.81 ms
21| Program EEPROM (3 Word) 204 3663 topam 3 0.27 0.28 0.50 14.91 ms
22 | Program EEPROM (4 Word) 272 4666 topam 4 0.35 0.37 0.65 19.00 ms
23 Erase EEPROM Sector 5015 810 tbersPG 4.79 5.03 20.34 38.85 ms
24 Protection Override 0 475 tPRTOVRD 9.50 9.50 9.50 475.00 us

Notes:

45.Minimum times are based on maximum fyymop @nd maximum fyymeus
46.Typical times are based on typical fyypmop and typical fyymsus

47 Maximum times are based on typical fyymop and typical fyymsus plus aging
48.Lowest-frequency max times are based on minimum fyypmop and minimum fyywmgus pPlus aging
49.Affected by Pflash size

50.Affected by EEPROM size

4.6.2.2 NVM reliability parameters

The reliability of the NVM blocks is guaranteed by stress test during qualification, constant process monitors and burn-in to screen early
life failures.

The data retention and program/erase cycling failure rates are specified at the operating conditions noted. The program/erase cycle count
on the sector is incremented every time a sector or mass erase event is executed.

Note

All values shown in Table 40 are preliminary and subject to further characterization.

Table 40. NVM reliability characteristics

NUM | C Rating Symbol Min. Typ. Max. Unit
Program Flash Arrays
Data retention at an average junction temperature of T 5, = 85 °C ®1) after up to (52) .
C 10,000 program/erase cycles INVMRET 20 100 Years
C | Program Flash number of program/erase cycles (-40 °C < T < 150 °C) NELPE 10K 100K (®3) — Cycles
EEPROM Array
Data retention at an average junction temperature of T jayg = 85 °C 1) after up to (52) .
C 100,000 program/erase cycles INVMRET 5 100 Years
Data retention at an average junction temperature of T jayg = 85 °C 1) after up to (52) .
C 10,000 program/erase cycles INVMRET 10 100 Years
Data retention at an average junction temperature of T j5,g = 85 °C ©1) after less (52) .
€ | than 100 program/erase cycles INVMRET 20 100 Years
C | EEPROM number of program/erase cycles (-40 °C < T; < 150 °C) NELPE 100 k 500 k(®3) — Cycles

Notes:

51.T javc does not exceed 85 °C in a typical temperature profile over the lifetime of a consumer, industrial or automotive application.
52.Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated to 25 °C using the
Arrhenius equation. For additional information on how NXP defines Typical Data Retention, refer to Engineering Bulletin EB618

53.Spec table quotes typical endurance evaluated at 25 °C for this product family. For additional information on how NXP defines Typical Endurance,
refer to Engineering Bulletin EB619.
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4.6.3 Electrical specification for voltage regulator

Table 41. ivregcrz_l118 characteristics

Num Cc Characteristic Symbol Min. Typ. Max. Unit
P Input Voltages VVDDRX 3.13 — 55 \
p | Voorx Low Voltage Interrupt Assert Level 54) Vivia 4.04 4.23 4.47 v

Vpprx Low Voltage Interrupt Deassert Level Vivip 4.19 4.38 4.60 \
P Vpprx Low Voltage Reset Deassert (55), (56) VLVRXD — — 3.25 \
CPMU ACLK frequency
T (CPMUACLKTR[5:0] = %000000) facLi - 20 - kHz
C | Trimmed ACLK internal clock®”) Af / fyominal dfacik -5.0 — +5.0 %
D The first period after enabling the counter by APIFE might be ¢ . . 100 us
reduced by ACLK start up delay sdel
D The first period after enabling the COP might be reduced by ¢ . . 100 us
ACLK start up delay SDEL
VDDRX Low Voltage Reset(®8)
Assert Level VI VRXA 2.906 3.037 — \%
Deassert Level VLVRXD — 3.054 3.25 \Y

Notes:

54.Monitors VDDA, active only in Full Performance mode. Indicates I1/0 & ADC performance degradation due to low supply voltage.
55.Device functionality is guaranteed on power down to the LVR assert level

56.Monitors VDDRX, active only in Full Performance mode. MCU is monitored by the POR in RPM (see Figure 7)

57.The ACLK Trimming CPMUACLKTR[5:0] bits must be set so that foc x=10KHz.

58.Monitors VDDRX, active only in Full Performance mode. V| \ra and Vpporp must overlap (see Figure 7)

Note

The LVR monitors the voltages Vpp, Vppr @and Vpprx- As soon as voltage drops on these supplies
which would prohibit the correct function of the microcontroller, the LVR is triggering a reset.

4.6.3.1 Chip power-up and voltage drops

LVI (low voltage interrupt), POR (power-on reset) and LVRs (low voltage reset) handle chip power-up or drops of the supply voltage.

MM9Z1_638
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VIVID = s s N
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Figure 7. Chip power-up and voltage drops OSCLCPcr electrical specifications

4.6.4 OSCLCPcr electrical specifications

Table 42. XOSCLCP characteristics

Conditions are shown in Table 37 unless otherwise noted

Num | C Rating Symbol Min. Typ. Max. Unit
1 C | Nominal crystal or resonator frequency fosc 4.0 — 16.384 MHz
2 P | Startup Current iosc 100 — — uA
3a C | Oscillator start-up time (4.0 MHz) (49 tuposc — 2.0 10 ms
3b C | Oscillator start-up time (8.0 MHz) ®9) tuposc — 1.6 8.0 ms
3c C | Oscillator start-up time (16 MHz)®%) tuposc — 1.0 5 ms
4 P | Clock Monitor Failure Assert Frequency feMmFA 200 450 1200 KHz
5 D | Input Capacitance (EXTAL, XTAL pins) Cin — 7.0 — pF
6 C | EXTAL Pin Input Hysteresis VHys EXTAL — 120 — mV
7 C | EXTAL Pin oscillation amplitude (loop controlled Pierce) VepEXTAL — 1.0 — \
7 C | EXTAL Pin oscillation amplitude (full swing Pierce) Vpp EXTAL — 1.8 — \
8 D |EXTAL Pin oscillation required amplitude ©0) Vep EXTAL 0.8 — — \

Notes:

59.These values apply for carefully designed PCB layouts with capacitors that match the crystal/resonator requirements.
60.Needs to be measured at room temperature on the application board using a probe with very low (<5.0 pF) input capacitance.

MM9Z1_638

NXP Semiconductors 31




ELECTRICAL CHARACTERISTICS
4.6.5 PLL electrical specifications
4.6.5.1 Reset, oscillator and PLL

4.6.5.2 Phase locked loop

4.6.5.2.1 Jitter information

With each transition of the feedback clock, the deviation from the reference clock is measured and the input voltage to the VCO is adjusted
accordingly.The adjustment is done continuously with no abrupt changes in the VCOCLK frequency. Noise, voltage, temperature and other
factors cause slight variations in the control loop resulting in a clock jitter. This jitter affects the real minimum and maximum clock periods
as illustrated in Figure 8.

0 1 2 3 N-1 N

T we LF LI

LYY

A
Y

tmaxn

Y

Figure 8. Jitter definitions

The relative deviation of tyoy is at its maximum for one clock period, and decreases towards zero for larger number of clock periods (N).
Defining the jitter as:
The following equation is a good fit for the maximum jitter:

t (N t_. (N)
J(N) = max[ - e 1 j
'tnom 'tnom
J(N) = jl
JN

MM9Z1_638

32 NXP Semiconductors



ELECTRICAL CHARACTERISTICS

JIN) A

1 5 10 20 N
Figure 9. Maximum bus clock jitter approximation

Y

Note
On timers and serial modules a prescaler eliminates the effect of the jitter to a large extent.

Table 43. ipll_1vdd_lI18 characteristics

Conditions are 4.5 V < Vpprx < 5.5 V junction temperature from —40 °C to +150 °C, unless otherwise noted

Num | C Rating Symbol Min. Typ. Max. Unit
1 D | VCO frequency during system reset fycorsT 8.0 — 32 MHz
2 C | VCO locking range fvco 32 — 100 MHz
3 C | Reference clock fREF 1.0 — — MHz
4 | D |Lock detection IALock 0.0 — 1.5 %®1
5 | D |Unlock detection JAUNL| 0.5 — 25 %(61)

) 150 +
7 C | Time to lock tLock — — 256/frgr us
8 C | Jitter fit parameter 1(62) j1 — — 2.0 %
Notes:

61.% deviation from target frequency
62'fREF =1.0 MHZ, fBUS =50 MHz

4.6.6 IRC electrical specifications

Table 44. IRC electrical characteristics

Num | C Rating Symbol Min. Typ. Max. Unit
Junction Temperature - 40 to 150 Celsius
! P Internal Reference Frequency, factory trimmed firc1m_TRIM 1.010 1024 | 1.038 | MHz
2 P |Internal Clock Frequency Tolerance -40 °C < T, <85 °C 63) froL -1.0 - 1.0 %
3 C |Internal Clock Frequency Tolerance 85 °C<T, < 125 °C (63) froL -1.3 - 1.3 Y%
4 Clock Frequency Tolerance with External Oscillator (¢4) froLExT 0.5 - 0.5 %
Notes:

63.Target is 1.024 MHz

64.Dependent on the external OSC

4.6.7 SPI electrical specifications

This section provides electrical parameters and ratings for the SPI.

Measurement conditions are listed in Table 45.
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MM9Z1_638

Table 45. Measurement conditions

Description Value Unit
Drive mode full drive mode —
Load capacitance CLOAD(65) on all outputs 50 pF
Thresholds for delay measurement points (20% / 80%) VDDRX Vv

Notes:

65.Timing specified for equal load on all SPI output pins. Avoid asymmetric load.
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4.6.7.1 Master mode

The timing diagram for master mode with transmission format CPHA=0 is depicted in Figure 10.

E'l
(OUTPUT) \

\
ool | e
(OUTPUT) fle@ > t—o I J I
@—> < —»! <—@
(CPOLS:C1K) ' /] N /
(OUTPUT) Lyf S

W «» BT
—> > 4—@
MOSI

5 —
OUTHUT) MSB OUT BIT6. >< LSB OUT

1. If enabled.
2. LSBFE = 0. For LSBFE = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 10. SPI master timing (CPHA=0)

The timing diagram for master mode with transmission format CPHA=1 is depicted in Figure 11.

51
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(CPOL =1) N / \ / \
(OUTPUT) e S

|
MISO \
(INPUT) — MSBIN?2 -+ BIT6...1 LSBIN

@—» —> \
OUTPUT) 4 MASTER MSB OU}¢ BIT6... 1N X MASTER LsB OUY/
|

1. If enabled.
2. LSBFE = 0. For LSBFE = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 11. SPI master timing (CPHA=1)

Timing characteristics for master mode are listed in Table 46.
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Table 46. SPI master mode timing characteristics

Num Characteristic Symbol Min. Typ. Max. Unit
1 SCK Frequency fack 1/2048 — 172 (66) faus
1 | SCK Period tsck 2.0 (66) — 2048 taus
2 Enable Lead Time tLeAD — 1/2 — tsck
3 Enable Lag Time tLac — 1/2 — tsck
4 Clock (SCK) High or Low Time twsck — 12 — tsck
5 Data Setup Time (Inputs) tsu 8.0 — — ns
6 Data Hold Time (Inputs) thi 8.0 — — ns
9 Data Valid after SCK Edge tvsck — — 15 ns
10 Data Valid after SS fall (CPHA=0) tvss — — 15 ns
1 Data Hold Time (Outputs) tho 0.0 — — ns
12 Rise and Fall Time Inputs tRFI — — 8.0 ns
13 Rise and Fall Time Outputs trRro — — 8.0 ns

Notes:

66.See Figure 12

fsck/fsus | : :
I
° 10 Y 20 % 30 ¥ 40 feus [MHZ]

Figure 12. Derating of maximum fgck to fgygs ratio in master mode

In Master Mode the allowed maximum fgcy to fgyg ratio (= minimum Baud Rate Divisor. See SPI Block Guide) derates with increasing
fgus, see Figure 12.
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Slave mode

ELECTRICAL CHARACTERISTICS

The timing diagram for slave mode with transmission format CPHA=0 is depicted in Figure 13.

e
INPUT
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@~ - - @ =
\
(OUTl\l/l:lS% ] <®‘ SLAVE MSBY| BITS6.. & SLAVE LSBOUTIX  note
|
&= +®
MOSI
e T ED
NOTE: Not defined!
Figure 13. SPI slave timing (CPHA=0)
The timing diagram for slave mode with transmission format CPHA=1 is depicted in Figure 14.
§ Y
(INPUT) _\ \
SCK — —
(CPOL=0) \
(INPUT) / 7 \;l\,_/ S
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MISO see N
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NOTE: Not defined!

Figure 14. SPI slave timing (CPHA=1)

The timing characteristics for slave mode are listed In Table 47.
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Table 47. SPI slave mode timing characteristics

Num Characteristic Symbol Min. Typ. Max. Unit
1 SCK Frequency fsck DC — 1/4 feus
1 SCK Period tsck 4.0 — oo tsus
2 Enable Lead Time tLEAD 4.0 — — tgus
3 Enable Lag Time tLaG 4.0 — — tsus
4 Clock (SCK) High or Low Time twsck 4.0 — — tgus
5 Data Setup Time (Inputs) tsu 8.0 — — ns
6 Data Hold Time (Inputs) th 8.0 — — ns
7 Slave Access Time (time to data active) ta — — 20 ns
8 Slave MISO Disable Time tois — — 22 ns
9 Data Valid after SCK Edge tysck — — 28 + 0.5 * tg g ©7) ns
10 | Data Valid after SS fall tyss — — 28 + 0.5 * tg g ") ns
11 Data Hold Time (Outputs) tho 20 — — ns
12 Rise and Fall Time Inputs trFI — — 8.0 ns
13 Rise and Fall Time Outputs trRro — — 8.0 ns

Notes:
67.0.5tgg added due to internal synchronization delay

4.7 Thermal protection characteristics

Characteristics noted under conditions 3.5V < Vgyp <28V, -40 °C < T < 125 °C, unless otherwise noted. Typical values noted reflect
the approximate parameter mean at T4 = 25 °C under nominal conditions, unless otherwise noted.

Table 48. Thermal Characteristics

Parameter Symbol Min. Typ. Max. Unit

VDDH/VDDA/VDDX High Temperature Warning (HTI)

* Threshold THTI 125 - - °C

* Hysteresis THTLH - 10 -
VDDH/VDDA/VDDX Overtemperature Shutdown

+ Threshold Tsp 160 - °C

* Hysteresis Tsp H - 10 -
LIN Overtemperature Shutdown TLINSD 150 165 180 °C
LIN Overtemperature Shutdown Hysteresis TLINSD_HYS - 20 °C

4.8 Electromagnetic compatibility (EMC)

All ESD testing is in conformity with the CDF-AEC-Q100 stress test qualification for automotive grade integrated circuits. During the device
qualification, ESD stresses are performed for the Human Body Model (HBM), Machine Model (MM), Charge Device Model (CDM), as well
as LIN transceiver specific specifications.

A device will be defined as a failure, if after exposure to ESD pulses, the device no longer meets the device specification. Complete DC
parametric and functional testing is performed per the applicable device specification at room temperature, followed by hot temperature,
unless specified otherwise in the device specification.

The immunity against transients for the LIN, PTB4, VSENSEX, ISENSEH, ISENSEL, and VSUP, is specified according to the LIN
Conformance Test Specification - Section LIN EMC Test Specification (ISO7637-2), refer to the LIN Conformance Test Certification Report
- available as separate document.
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Table 49. Electromagnetic compatibility

Ratings Symbol Value / limit Unit

ESD - Human Body Model (HBM) following AEC-Q100 / JESD22-A114
(CZAF’ =100 pF, RZAP =1500 Q)

« LIN (all GNDs shorted) Viem +8.0 kv
« All other Pins +2.0
ESD - Charged Device Model (CDM) following AEC-Q100
» Corner Pins Veom +750 \Y
« All other Pins +500
ESD - Machine Model (MM) following AEC-Q100 (Czap = 200 pF, Rzap = 0 Q), All Pins Vmm +200 \
Latch-up current at Ty = 125 oc(68) AT +100 mA

ESD GUN - LIN Conformance Test Specification(sg), unpowered, contact discharge. (Czap=
150 pF, Rzap = 330 Q);

LIN (no bus filter Cgys)

Vsup with Cvsup capacitors (4.7 uF and 100 nF)

Vsense[3..0] with serial 2.2 kQ +8.0 kV
PTB4 with serial 47 kQ and 2.2 nF (external wake-up configuration)
PTBI[4..0] with serial 2.2 kQ2 and 2.2 nF to gnd (external Tsense configuration)
VDDA with 100 kQ and 47 nF to gnd

PTB5 with serial 1.0 kQ, 2.2 nF and 5.1 V zener diode

ESD GUN - IEC 61000-4-2 Test Specification"%), unpowered, contact discharge. (Czap=
150 pF, Rzpap = 330 Q);

LIN (no bus filter CBUS)

Vsup with Cvsup capacitors (4.7 uF and 100 nF)

Vsense[3..0] with serial 2.2 kQ +8.0 kV
PTB4 with serial 47 kQ and 2.2 nF (external wake-up configuration)
PTBI[4..0] with serial 2.2 kQ and 2.2 nF to gnd (external Tsense configuration)
VDDA with 100 kQ and 47 nF to gnd

PTB5 with serial 1.0 kQ, 2.2 nF and 5.1 V zener diode

ESD GUN - 1S010605("%), unpowered, contact discharge, Czap= 150 pF,
RZAP =20 kQ,

LIN (no bus filter Cgys)

Vsup with Cvsup capacitors (4.7 uF and 100 nF)

Vsense[3..0] with serial 2.2 kQ +8.0 kV
PTB4 with serial 47 kQ and 2.2 nF (external wake-up configuration)
PTBI[4..0] with serial 2.2 kQ and 2.2 nF to gnd (external Tsense configuration)
VDDA with 100 kQ and 47 nF to gnd

PTBS5 with serial 1.0 kQ, 2.2 nF and 5.1 V zener diode

ESD GUN - 1S010605("%), powered, contact discharge, Czap= 330 pF, Rzap = 2.0 kQ;
LIN (with bus filter Cgyg 220 pF)

Vsup with Cvsup capacitors (4.7 uF and 100 nF)

Vsense[3..0] with serial 2.2 kQ

PTB4 with serial 47 kQ and 2.2 nF (external wake-up configuration)

PTBI[4..0] with serial 2.2 kQ and 2.2 nF to gnd (external Tsense configuration)

VDDA with 100 kQ and 47 nF to gnd

PTBS5 with serial 1k.0 Q, 2.2 nF and 5.1 V zener diode

Notes:

68.Input Voltage Limit=-2.5t0 7.5V

69.Tested internally. Certification pending.

70.Tested internally only, following the reference document test procedure.
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5 MM9Z1 638 overview

The MM9Z1_638 (as shown in Figure 15) contains the following features:

Battery Voltage Measurement
» Dedicated 16-bit second order ZA ADC
» Simultaneous sampling with current channel
* Programmable signal filtering shared with current measurement
» Four battery voltage measurement w/ internal divider, full device measurement range 3.5 to 52 V
» Five voltage sensor inputs routable to both voltage and temperature channel

Differential battery current measurement
» Dedicated 16-bit second order ZA ADC, with a programmable gain amplifier with four programmable gain factors (24-bit result)
» Gain control block for automatic gain adjustment
* Measurement range up to +2000 A with 100 uQ shunt resistor

Temperature Measurement
* Internal, on-chip temperature sensor
» Dedicated 16-bit ADC with anti-aliasing filter
» Five single ended sensor inputs routable to both voltage and temperature channels
« Internal supply for external sensors

Normal and Low Power Mode
» Current integration via 32-bit accumulator during low-power mode
* Programmable current threshold detection during low-power mode
* Programmable wake-up timer, triggered wake-up from LIN

Advanced system level management
« Internal oscillator
* Communication via LIN 2.1, LIN 2.0 interface with fast mode for Flash programming over LIN
» An msCAN protocol controller, with TxD and RxD pins, and bus wake-up detection
* S12Z micro controller with 96/128 kByte Flash, 8.0 kByte RAM, 4.0 kByte EEPROM all with ECC
* Enhanced VDDX capability to supply MCU and external components
» Fast, die-to-die bus interface with transparent integration of analog IC registers into the MCU register map, automatic
synchronization, and error detection
» Automotive EMC and ESD performance

Operating conditions
* Ambient operating temperature: -40 °C < Ty <125 °C
 Junction operating temperature: -40 °C < T; < 150 °C

MM9Z1_638
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VDDX VDDA
P Suppl ISENSEH
ower Supply )
vsup [ (VREG) 1A6DBC|1 Current Sense Module PGA
ISENSEL
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SPI Atten
PAO..7 []7 8 Bit Digital /O 16 Bit VSENSEO...3
msCAN ADC Voltage Sense Module T
PTBO..3
‘ 4 Bit Digital 1/0 ‘
¢ PTB4
S$12Z CPU 16 Bit Temp
- ADC Sense
‘ 4 Channel Timer ‘ Flash 128k Bytes with ECC Module
EEPROM 4k Bytes with ECC
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Figure 15. Simplified block diagram
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5.1 MM9Z1_638 analog die overview

511 Introduction

The MM9Z1_638 analog die implements all system base functions to operate the integrated micro controller, and delivers applications
specific input capturing.
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Figure 16. Analog die block overview
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5.1.2 Features

The analog die contains the following features:

5.1.21 Three sigma delta analog to digital converters

51.21.1 Current sensing

One 16-bit SD ADC for current sense. The input of this SD ADC is connected to the output of a PGA (Programmable Gain Amplifier) with
4 different gains.This SD converter operates in Normal mode, but can also operate in Low Power mode. The PGA gain selection can be
either user selectable or automatically selected. The user can choose which gains will be used by the automatic selection. The converted
value available in the output register has a fixed LSB value, independent of the selected gain. The output value is a signed value available
on a 24-bit range register. The external shunt value can be selected from one of the following values, 50, 75, 100, 150, and 200 pQ.

51.2.1.2 Voltage sensing

One 16-bit SD ADC for voltage measurements. The input of this SD ADC is connected to the output of a multiplexer, and allows selection
of voltage sense with an internal resistor divider, VSENSEOQ to VSENSE3, or direct voltage sense, PTB0 to PTB4. PTB inputs allow usage
of a user defined resistor divider, and a negative measurement range. Each VSENSE has a different resistor divider ratio, allowing a large
range of voltage sense.

» Synchronization between the voltage and current SD ADCs
» Configurable internal hardware filters for the current and voltage SD ADC.

51.21.3 Temperature sensing

One 16-bit SD ADC for temperature measurement. The input of this SD ADC is connected to the output of a multiplexer, and allows
selection of internal temperature sensor or external temperature sensors via the direct voltage sense, PTB0 to PTB4. SD ADC measures
the voltage between PTB5 and one of the following PTBO to PTB4.

» Fixed hardware filter for the temperature SD

Each of the three SD ADCs has its own set of registers for offset and gain compensations. The user can access and use these to enhance
system performance, taking into account external components.

5.1.2.2 5 GPIO pins, named PTBO to PTB5

The PTBO to PTB4 pins can be used as direct input voltage measurements, in conjunction with the voltage SD ADC, or for external
temperature sense, in conjunction with the temperature SD ADC. PTB5 is a dedicated switch to GND, used for external temperature
sensors. PTB4 has a configurable wake-up capability, and battery voltage rating performances. PTB1 to PTB3 can be used as General
Purpose 5.0 V I/Os. PTB4 can be used as a General Purpose 5.0 V Input.

51.2.3 Interface with the embedded microcontroller

This is achieved via a dedicated Die to Die interface. The die to die operating frequency and operating mode is configurable.

5.1.24 Power supply and voltage regulators

VDDX is the 5.0 V regulator to supply the MCU die. Current capability is up to 150 mA. VDDA is the 2.5 V regulator, to supply the SD
ADCs. This pin is also the supply for the external temperature sensors. VDDH is for the die to die interface supply. LTO is the internal logic
device supply.

5.1.2.5 Operating modes and wake-up

The device features four main operating modes:
» Normal mode, with all functions operating: three SD ADCS, microcontroller, SCl and LIN interface, timer, GPIO, Watchdog, reset,
and INT.
» Cranking mode allows operation at a very low supply.
* Low Power Sleep mode, with VDDX OFF.
» Low Power Stop mode, with VDDX ON.

MM9Z1_638

NXP Semiconductors 43



MM9Z1_638 OVERVIEW

From Low Power modes, the device can wake up from one of the below events:
« LIN
e Timer
e Current threshold
* Ampere/Hour counter
« Lifetime counter
* Events on PTB4
« Temperature calibration request

5.1.2.6 SCI and LIN:

» SClinterface and LIN physical interface, compliant with LIN 2.1, including TxD permanent dominant protection.

5.1.2.7 Watchdog

» Configurable window watchdog for the MCU operation and software monitoring

5.1.2.8 Timer

» Four input capture / output compare channels 16-bit timer, with clock prescaler.
« It can be used as the regular time base, or routed to PTB1 to PTB4, or to the LIN physical interface.

5.2 MC9S12ZI128 overview

5.2.1 Introduction

The MC9S12Z1128 device are designed as counter parts to an analog die and are not being offered as stand-alone MCUs.

The MC9S12Z71128 device contains a S12Z Central Processing Unit (CPU), offers 128 kB of Flash memory and 8.0 kB of system SRAM,
up to eight general purpose 1/Os, an on-chip oscillator and clock multiplier, one CAN module (msCAN), one Serial Peripheral Interface
(SPI), an interrupt module and debug capabilities via the on-chip debug module (DBG) in combination with the Background Debug Mode
(BDM) interface. Additionally there is a die-to-die initiator (D2DI) which represents the communication interface to the companion (analog)
die.

5.2.2 Features

This section describes the key features of the MC9S12Z1128 micro controller unit.

5.2.21 Chip-level features

On-chip modules available within the family include the following features:
» S12Z CPU core (S12ZCPU)
» 128 kbyte on-chip flash with ECC
* 4.0 kbyte on-chip EEPROM with ECC
» 8.0 kbyte on-chip SRAM with ECC
» Phase locked loop (IPLL) frequency multiplier with internal filter
* 4.0 to 16.384 MHz amplitude controlled Pierce oscillator
* 1.024 MHz internal RC oscillator
* 51.2 MHz bus frequency
* One CAN module (msCAN)
* One serial peripheral interface (SPI) module
» On-chip voltage regulator (VREG) for regulation of input supply and all internal voltages
« Die to Die Initiator (D2DI)

MM9Z1_638

44 NXP Semiconductors



5.2

MM9Z1_638 OVERVIEW

3  Module features

The following sections provide more details of the modules implemented on the MC9S12Z]128.

5.2.3.1 S$12Z central processor unit (CPU)

The S12Z CPU is a revolutionary high-speed core, with code size and execution efficiencies over the S12X CPU. The S12Z CPU also
provides a linear memory map eliminating the inconvenience and performance impact of page swapping.

5.2.

Harvard Architecture - parallel data and code access

Three stage pipeline

32-Bit wide instruction and databus

32-Bit ALU

24-bit addressing, of 16 MByte linear address space

Instructions and Addressing modes optimized for C-Programming & Compiler
Optimized address path so it is capable to run at 51.2 MHz without Flash wait states
— MAC unit 32 bit += 32 bit*32 bit

— Hardware divider

— Single cycle multi-bit shifts (Barrel shifter)

— Special instructions for fixed point math

Unimplemented opcode traps

Unprogrammed byte value (OxFF) defaults to SWI instruction

3.1.1 Background debug controller (BDC)

» Background debug controller (BDC) with single-wire interface

— Non-intrusive memory access commands
— Supports in-circuit programming of on-chip nonvolatile memory

5.2.3.1.2 Debugger (DBG)
* Enhanced DBG module including;

5.2

5.2

5.2

— Four comparators (A, B, C, and D) each configurable to monitor PC addresses or address of data access
— A and C compare full address bus and full 32-bit data bus with data bus mask register

— B and D compare full address bus only
— Three modes: simple address/data match, inside address range, or outside address range

— Tag-type or force-type hardware breakpoint requests

State sequencer control
64 x 64-bit circular trace buffer to capture change-of-flow addresses or address and data of every cycle

— Begin, End and Mid alignment of tracing to trigger
+ Profiling mode for external visibility of internal program flow

3.2 Embedded memory

3.21 Memory access integrity

* lllegal address detection
» ECC support on embedded NVM and system RAM

3.2.2 Flash

On-chip flash memory on the MC9S1221128 features the following:

» Up to 128 kbytes of program flash memory
— Automated program and erase algorithm
— Protection scheme to prevent accidental program or erase

MM9Z1_638
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5.2.3.2.3 EEPROM

* Up to 4.0 kbytes EEPROM
— 16 data bits plus six syndrome ECC (error correction code) bits allow single bit error correction and double fault detection
— Erase sector size 4.0 bytes
— Automated program and erase algorithm
— User margin level setting for reads

5.23.24 SRAM

» Up to 8.0 kbytes of general purpose RAM with ECC
— Single bit error correction and double bit error detection

5.2.3.3 Clocks, reset & power management unit (CPMU)

* Real time interrupt (RTI)
» Clock monitor, supervising the correct function of the oscillator (CM)
» Computer operating properly (COP) watchdog
— Configurable as window COP for enhanced failure detection
— Can be initialized out of reset using option bits located in flash memory
» System reset generation
» Autonomous periodic interrupt (API) (combination with cyclic, watchdog)
* Low Power Operation
— RUN mode is the main full performance operating mode with the entire device clocked.
— WAIT mode when the internal CPU clock is switched off, so the CPU does not execute instructions.
— Pseudo STOP - system clocks are stopped but the oscillator the RTI, the COP, and API modules can be enabled
— STOP - the oscillator is stopped in this mode, all clocks are switched off and all counters and dividers remain frozen, with the
exception of the COP and API which can optionally run from ACLK.

5.2.3.31 Internal phase-locked loop (IPLL)

* Phase-locked-loop clock frequency multiplier
— No external components required
— Reference divider and multiplier allow large variety of clock rates
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— Configurable option to spread spectrum for reduced EMC radiation (frequency modulation)
— Reference clock sources:
— Internal 1.024 MHz RC oscillator (IRC)
— External 4.0 -16.384 MHz crystal oscillator/resonator

5.2.3.3.2 Internal RC oscillator (IRC)

» Trimmable internal 1.024 MHz reference clock.
— Trimmed accuracy over -40 to 150 °C junction temperature range: £1.3%max.

5.2.3.4 Main external oscillator (XOSCLCP)

» Amplitude controlled Pierce oscillator using 4.0 MHz to 16.384 MHz crystal
— Current gain control on amplitude output
— Signal with low harmonic distortion
— Low power
— Good noise immunity
— Eliminates need for external current limiting resistor
— Transconductance sized for optimum start-up margin for typical crystals
— Oscillator pins shared with GPIO functionality

MM9Z1_638
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5.2.3.5 System integrity support

* Power-on reset (POR)

» System reset generation

+ lllegal address detection with reset

* Low-voltage detection with interrupt or reset

* Real time interrupt (RTI)

« Computer operating properly (COP) watchdog
— Configurable as window COP for enhanced failure detection
— Initialized out of reset using option bits located in flash memory

+ Clock monitor supervising the correct function of the oscillator

5.2.3.6  Multi-scalable controller area network (MSCAN)

» Implementation of the CAN protocol — Version 2.0A/B

+ Five receive buffers with FIFO storage scheme

+ Three transmit buffers with internal prioritization using a “local priority” concept

» Flexible maskable identifier filter supports two full-size (32-bit) extended identifier filters, or four 16-bit filters, or either 8-bit filters
» Programmable wake-up functionality with integrated low-pass filter

5.2.3.7  Serial peripheral interface module (SPI)

» Configurable 8 or 16-bit data size

+ Full-duplex or single-wire bidirectional
» Double-buffered transmit and receive
» Master or slave mode

» MSB-first or LSB-first shifting

+ Serial clock phase and polarity options

5.2.3.8  On-chip voltage regulator (VREG)

 Linear voltage regulator with bandgap reference

* Low-voltage detect (LVD) with low-voltage interrupt (LVI)
» Power-on reset (POR) circuit

* Low-voltage reset (LVR)

5.2.3.9 Die to die initiator (D2DI)

* Up to 2.0 Mbyte data rate
+ Configurable 4-bit or 8-bit wide data path

MM9Z1_638
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5.2.4

Block diagram
Figure 17 shows a block diagram of the MC9S12Z1128 device

128K bytes Flash with ECC

8K bytes RAM with ECC

4K bytes EEPROM with ECC

Voltage Regulator
Input: 3.13V ... 5.5V
Outputs: 1.8V core and 2.7 Flash

$12ZCPU

Die-to-Die Initiator
D2D1

D2D0 |

selectable 4 or 8 bit wide

D2D2 =

D2D3

A

D2D4
D2D5

PORTD

D2D6

D2D7

A A

D2DCLK

D2DINT

Interrupt Module

BDC

BKGD --»{Background

Debug Controller

DBG

Debug Module

4 Comparators

64 Byte Trace Buffer

A

| |PORTC|

SPI0 MISO

MOSI

SCK

Synchronous Serial IF 3Ss

CANO RXCAN

AAAAA

YYVYY

msCAN 2.0B TXCAN

PORTA

Clock Monitor

COP Watchdog

Real Time Interrupt

Auton. Periodic Int.

PBO<>| XTAL _
= Low Power Pierce
PRl <| xT AL Oscilator
PLL with Frequency
Modulation option
RESET == Reset Generation
TEST —»] and Test Entry

5.2.5

Internal RC Oscillator

\ Power Supply:
i VDDRX, VSSRX: 3.13V ...5.5V

)

VIVIAINRT TV A viNey

VDDD2D, VSSD2D: 2.5V for Ports C and D

\ for Regulator Input, Port A&B, BKGD, TEST and RESET

Figure 17. MC9S12Z1128 block diagram

Device memory map

Table 50 shows the device register memory map.

MM9Z1_638

Table 50. Module register address ranges

Address Module Size (bytes)
0x0000-0x0003 Part ID Register Part ID assignments 4
0x0004—-0x000F Reserved 12
0x0010-0x001F INT 16
0x0020-0x006F Reserved 80
0x0070-0x007F MMC 16
0x0080-0x00FF Reserved 128
0x0100-0x017F DBG 128
0x0180-0x01FF Reserved 128
0x0200-0x02FF PIM 256
0x0300-0x037F Reserved 128
0x0380-0x039F FTMRZ 32
0x03A0-0x03BF Reserved 32
0x03C0-0x03CF RAM ECC 16
0x03D0-0x06BF Reserved 752
0x06C0-0x06DF CPMU 32
0x06E0-0x077F Reserved 160
0x0780-0x0787 SPI0 8
0x0788-0x07EF Reserved 104

48

NXP Semiconductors



MM9Z1_638 OVERVIEW

Table 50. Module register address ranges

Address Module Size (bytes)
0x07F0-0x07F7 D2DI (Die-to-Die Initiator) 8
0x07F8-0x07FF Reserved 8
0x0800-0x083F CANO 64
0x0840—0x0DFF Reserved 1472
0XOE00-OX0EFF D2DI (Die-to-Die Initiator, blocking access window) (") 256
0x0F00-0x0FFF D2DI (Die-to-Die Initiator, non-blocking write window) @ 256

Notes:

71.Refer to Analog die registers - 0xOEO0—OxOEFF D2D blocking access (D2DI) 0xOF00—0xOFFF D2D
non blocking access (D2DlI).

Note

Reserved register space shown in Table 50 is not allocated to any module. This register space is
reserved for future use. Writing to these locations have no effect. Read access to these locations
returns zero.
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MM9Z1_638

Register Space ___

4.0 kByte

Unimplemented
address range

¢Low address aligned

THigh address aligned

0x00_0000
0x00 1000
l RAM -
max. 1 MByte - 4 KByte
0x10_0000
l EEPROM
max. 1 MByte - 48 KByte
v Reserved 0x1F_4000
512 Byte
v Reserved gread only) 0x1F_8000
5 KByte
NVM IFR 0x1F_C000
512 Byte
0x20_0000
Unimplemented
6 MByte
0x80_0000
A
Program NVM
max. 8 MByte
OXFF_FFFF

Figure 18. MC9S12Z1128 global memory map. (See Table 51 for individual device details)
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Part ID assignments

MM9Z1_638 OVERVIEW

The part ID is located in four 8-bit registers at addresses 0x0000-0x0003. The read-only value is a unique part ID for each revision of the

chip.
5.2.5.2 Detailed signal descriptions
Table 51. Signal properties summary
Pin name Pin name Pin name Power Internal pull resistor e
function 1 function 2 function 3 supply CTRL Reset state Description
PBO EXTAL — VDDRX PERB/PPSB DOWN Port B 1/0, Oscillator pin
PB1 XTAL — VDDRX PERB/PPSB DOWN Port B 1/0, Oscillator pin
RESET — — VDDRX PULLUP External reset
TEST — — N.A. RESET pin DOWN Test input
BKGD MODC — VDDRX PULLUP Background debug
PA7 — PDO VDDRX PERA/PPSA Disabled Port A 1/0, DBG
PA6 — PDOCLK VDDRX PERA/PPSA Disabled Port A 1/0, DBG
PA5 TXCANO — VDDRX PERA/PPSA Disabled Port A 1/0, MSCAN
PA4 RXCANO — VDDRX PERA/PPSA Disabled Port A 1/0, MSCAN
PA3 SSO0 — VDDRX PERA/PPSA Disabled Port A 1/0, SPI
PA2 SCKO — VDDRX PERA/PPSA Disabled Port A 1/0, SPI
PA1 MOSIO — VDDRX PERA/PPSA Disabled Port A 1/0, SPI
PAO MISO0 — VDDRX PERA/PPSA Disabled Port A 1/0, SPI
PCA1 D2DINT — VDDD2D D2DEN Disabled D2DI
PCO D2DCLK — VDDD2D NA NA D2DI
PD7-0 D2DDAT7-0 — VDDD2D D2DEN Disabled D2DI
5.25.2.1 PBO0 / EXTAL, PB1 / XTAL — oscillator pins

EXTAL and XTAL are the crystal driver and external clock pins. XTAL is the oscillator output. On reset all the device clocks are derived
from the internal reference clock and port B may be used for general purpose /0.

5.2.5.2.2

The RESET pin is an active low bidirectional control signal. It acts as an input to initialize the MCU to a known start-up state, and an output
when an internal MCU function causes a reset. The RESET pin has an internal pull-up device.

RESET — external reset pin

5.25.2.3 TEST — test pin

This input only pin is reserved for factory test. This pin has an internal pull-down device.

Note
The TEST pin must be tied to VSSRX in all applications.

5.25.24 BKGD / MODC — background debug and mode pin

The BKGD/MODC pin is used as a pseudo-open-drain pin for the background debug communication. It is used as a MCU operating mode
select pin during reset. The state of this pin is latched to the MODC bit at the rising edge of RESET. The BKGD pin has an internal pull-up
device.
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5.2.5.2.5 PA7 /| PDO — port A1/O Pin 7

PA7 is a general purpose input or output pin. PDO is the profiling data output signal used when the DBG module profiling feature is
enabled. This signal is output only and provides a serial, encoded data stream that can be used by external development tools to
reconstruct the internal CPU code flow.

5.2.5.2.6 PA6 / PDOCLK — port A 1/0 Pin 6
PAG is a general purpose input or output PDOCLK is the clock output signal for the profiling data output.

5.2.5.2.7 PAS5 / TXCANO — port AI/O Pin 5

PAS5 is a general purpose input or output pin. TXCANQO is the transmit output of the scalable controller area network controller (MSCANO)

5.2.5.2.8 PA4 /| RXCANO — port A I/O Pin 4

PA4 is a general purpose input or output pin. RXCANO is the receive input of the scalable controller area network controller (MSCANO).

5.2.5.2.9 PA3/SS0 — port A 1/O Pin 3

PA3 is a general purpose input or output pin. It can be configured as the slave select pin SS0 of the serial peripheral interface (SPI0).

5.2.5.2.10 PA2/SCKO0 — port A I/O Pin 2

PA2 is a general purpose input or output pin. It can be configured as the serial clock pin SCKO of the serial peripheral interface (SPI0).

5.2.5.211 PA1/MOSIO0O — port A 1/O Pin 1

PA1 is a general purpose input or output pin. It can be configured as the master output (during master mode) or slave input pin (during
slave mode) MOSIO for the serial peripheral interface (SPI0).

5.2.5.212 PAO/MISO0— port AI/O Pin 0

PAO is a general purpose input or output pin. It can be configured as the master input (during master mode) or slave output pin (during
slave mode) MISOO for the serial peripheral interface (SPI0).

5.2.5.213 PC1/D2DINT — port C 1/O Pin 1

PC1 can be configured as the interrupt input of the D2DI. PC1 has an internal pull down device if D2DI is enabled.

5.2.5.214 PCO/D2DCLK— port C /O Pin 0
PCO can be configured as the clock output of the D2DI.

5.2.5.2.15 PD[7:0] — port D I/O Pins 7-0
PDI7:0] can be configured as data pins 7:0 of the D2DI. Ports PD[7:0] have internal pull down devices if D2DI is enabled.

5.2.5.3 Power supply pins
MC9S12Z1128 power and ground pins are described below.

Because fast signal transitions place high, short-duration current demands on the power supply, use bypass capacitors with high
frequency characteristics and place them as close to the MCU as possible.

Note
All Vgg pins must be connected together in the application.
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5.2.5.3.1 VDDRX, VSSRX— power and ground pins for I/O drivers and internal voltage
regulator

External power and ground for I/O drivers and the internal voltage generator. Bypass requirements depend on how heavily the MCU pins
are loaded.

5.2.5.3.2 VDDD2D, VSSD2D/VSSD2DI— power and ground pins for D2D interface
External power and ground for the Die-to-Die Interface. VSSD2D and VSSD2D1 are connected together internally.

5.2.5.3.3 VSS

The voltage supply of nominally 1.8 V is derived from the internal voltage regulator. The return current path is through the VSS pin. No
static external loading of these pins is permitted.

5.2.5.3.4 Power and ground connection summary

Table 52. Power and ground connection summary

. Nominal N
Mnemonic Description
voltage

VDDRX 3.13t0 5.5V | External power and ground, supply to I/O pin drivers
VSSRX 00V and Internal Voltage Regulator

vDDD2D 225t03.6V
VSSD2D 0.0v

External power and ground supply to D2D Interface

5.25.3.5 BDC clock source connectivity
The BDC clock, BDCCLK, is mapped to the IRCCLK generated in the CPMU module.

5.2.6 Modes of operation

The MCU can operate in different modes. These are described in Chip configuration modes.

The MCU can operate in different power modes to facilitate power saving when full system performance is not required. These are
described in Low power modes.

Some modules feature a software programmable option to freeze the module status while the background debug module is active to
facilitate debugging. This is referred to as freeze mode at module level.

5.2.6.1 Chip configuration modes

The different modes and the security state of the MCU affect the debug features (enabled or disabled).

The operating mode out of reset is determined by the state of the MODC signal during reset (Table 53). The MODC bit in the MODE
register shows the current operating mode and provides limited mode switching during operation. The state of the MODC signal is latched
into this bit on the rising edge of RESET.

Table 53. Chip modes

Chip Modes MODC
Normal single chip 1
Special single chip 0

5.2.6.1.1 Normal single chip mode

This mode is intended for normal device operation. The opcode from the on-chip memory is being executed after reset (requires the reset
vector to be programmed correctly). The processor program is executed from internal memory
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5.2.6.1.2 Special single chip mode

This mode is used for debugging operation, boot-strapping, or security related operations. The background debug mode BDM is active
on leaving reset in this mode.

5.2.6.2 Low power modes

The device has two dynamic power modes (run and wait) and two static low-power modes stop and pseudo stop). For a detailed
description refer to the CPMU section.
* Dynamic power mode: Run
— Run mode is the main full performance operating mode with the entire device clocked. The user can configure the device
operating speed through selection of the clock source and the phase locked loop (PLL) frequency. To save power, unused
peripherals must not be enabled.
» Dynamic power mode: Wait
— This mode is entered when the CPU executes the WAL instruction. In this mode, the CPU does not execute instructions. The
internal CPU clock is switched off. All peripherals can be active in system wait mode. For further power consumption the
peripherals can individually turn off their local clocks. Asserting RESET, XIRQ, IRQ, or any other interrupt that is not masked,
either locally or globally by a CCR bit, ends system wait mode.
» Static power mode: Pseudo-stop
— In this mode the system clocks are stopped, but the oscillator is still running and the real time interrupt (RTI), watchdog (COP)
and autonomous periodic interrupt (APl) may be enabled. Other peripherals are turned off. This mode consumes more current
than system STOP mode but, as the oscillator continues to run, the full speed wake-up time from this mode is significantly shorter.
» Static power mode: Stop
— In this mode, the oscillator is stopped and clocks are switched off. The counters and dividers remain frozen. The autonomous
periodic interrupt (APIl) may remain active but has a very low power consumption. The MSCAN transceiver modules can be
configured to wake the device, whereby current consumption is negligible.

5.2.7 Security

The MCU security mechanism prevents unauthorized access to the flash memory. It must be emphasized that part of the security must
lie with the application code. An extreme example would be application code that dumps the contents of the internal memory. This would
defeat the purpose of security. Also, if an application has the capability of downloading code through a serial port and then executing that
code (e.g. an application containing bootloader code), then this capability could potentially be used to read the EEPROM and Flash
memory contents even when the microcontroller is in the secure state. In this example, the security of the application could be enhanced
by requiring a response authentication before any code can be downloaded.

Device security details are also described in the flash block description.

5.2.71 Features

The security features of the S12Z chip family are:
» Prevent external access of the non-volatile memories (Flash, EEPROM) content
» Restrict execution of NVM commands
» Prevent BDC access of internal resources

5.2.7.2 Securing the microcontroller
The chip can be secured by programming the security bits located in the options/security byte in the Flash memory array. These
non-volatile bits keep the device secured through reset and power-down.

This byte can be erased and programmed like any other Flash location. Two bits of this byte are used for security (SEC[1:0]). The contents
of this byte are copied into the Flash security register (FSEC) during a reset sequence.

The meaning of the security bits SEC[1:0] is shown in Table 54. For security reasons, the state of device security is controlled by two bits.
To put the device in unsecured mode, these bits must be programmed to SEC[1:0] = “10’. All other combinations put the device in a
secured mode. The recommended value to put the device in secured state is the inverse of the unsecured state, i.e. SEC[1:0] = ‘01".
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Table 54. Security bits

SECI[1:0] Security state
00 1 (secured)
01 1 (secured)
10 0 (unsecured)
11 1 (secured)
Note

Refer to the Flash block description for more security byte details.

5.2.7.3 Operation of the secured microcontroller

By securing the device, unauthorized access to the EEPROM and Flash memory contents is prevented. Secured operation has the
following effects on the microcontroller:

5.2.7.31 Normal single chip mode (NS)

» Background debug controller (BDC) operation is completely disabled.
» Execution of Flash and EEPROM commands is restricted (described in flash block description).

5.2.7.3.2 Special single chip mode (SS)

» Background debug controller (BDC) commands are restricted
» Execution of Flash and EEPROM commands is restricted (described in flash block description).

In special single chip mode, the device is in active BDM after reset. In special single chip mode on a secure device, only the BDC mass
erase and BDC control and status register commands are possible. BDC access to memory mapped resources is disabled. The BDC can
only be used to erase the EEPROM and Flash memory without giving access to their contents.

5.2.7.4 Unsecuring the microcontroller

Unsecuring the microcontroller can be done using three different methods:
1. Back door key access
2. Reprogramming the security bits
3. Complete memory erase

5.2.7.41 Unsecuring the MCU using the back door key access

In normal single chip mode, security can be temporarily disabled using the back door key access method. This method requires that:

* The back door key has been programmed to a valid value
» The KEYENI1:0] bits within the Flash options/security byte select ‘enabled’
* The application program programmed into the microcontroller has the capability to write to the back door key locations

The back door key values themselves would not normally be stored within the application data, which means the application program
would have to be designed to receive the back door key values from an external source (e.g. through a serial port).

The back door key access method allows debugging of a secured microcontroller without having to erase the Flash. This is particularly
useful for failure analysis.

Note
No back door key word is allowed to have the value 0x0000 or OxFFFF.

5.2.7.5 Reprogramming the security bits

In normal single chip mode, security can also be disabled by erasing and reprogramming the security bits within Flash options/security
byte to the unsecured value. Because the erase operation will erase the entire sector from (0x7F_FEO00-0x7F_FFFF), the back door key
and the interrupt vectors will also be erased; this method is not recommended for normal single chip mode. The application software can
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only erase and program the Flash options/security byte if the Flash sector containing the Flash options/security byte is not protected (see
Flash protection). Thus Flash protection is a useful means of preventing this method. The microcontroller will enter the unsecured state
after the next reset following the programming of the security bits to the unsecured value.

This method requires that:
» The application software previously programmed into the microcontroller has been designed to have the capability to erase and
program the Flash options/security byte.
» The Flash sector containing the Flash options/security byte is not protected.

5.2.7.6 Complete memory erase

The microcontroller can be unsecured by erasing the entire EEPROM and Flash memory contents. If ERASE_FLASH is successfully
completed, then the Flash unsecures the device and programs the security byte automatically.

5.2.8 Resets and interrupts

5.2.8.1 Resets

Table 55 lists all reset sources and the vector locations. Resets are explained in detail in the Packaging”.

Table 55. Reset sources and vector locations

Vector address Reset source CCR mask Local enable
Power-On Reset (POR) None None
Low Voltage Reset (LVR) None None
OxFFFFFC External pin RESET None None
Clock monitor reset None OSCE Bit in CPMUOSC register
COP watchdog reset None CR[2:0] in CPMUCORP register

5.2.8.2 Interrupt vectors

Table 56 lists all interrupt sources and vectors in the default order of priority. The interrupt module description provides an interrupt vector
base register (IVBR) to relocate the vectors.

Table 56. Interrupt Vector Locations (Sheet 1 of 2)

(72) CCR Wake-up from Wake-up from
Vector address Interrupt source mask Local enable STOP WAIT
Unimplemented page1 op-code trap } )

Vector base + 0x1F8 (SPARE) None None
Vector base + 0x1F4 Unimplemented page2 op-code trap (TRAP) | None None - -
Vector base + 0x1FO0 Software interrupt instruction (SWI) None None - -
Vector base + 0x1EC System call interrupt instruction (SYS) None None - -
Vector base + Ox1E8 Machine exception None None - -
Vector base + Ox1E4 Reserved
Vector base + 0x1EQ Reserved
Vector base + 0x1DC Spurious interrupt — None - -
Vector base + 0x1D8 D2DI Error Interrupt X Bit None No No
Vector base + 0x1D4 D2DI External Interrupt | bit D2DCTL (D2DIE) Yes Yes
Vector base + 0x1D0 RTI timeout interrupt | bit CPMUINT (RTIE) SeszgiF;l:]/IU Yes
Vector base + 0x1CC

to Reserved
Vector base + 0x1A4
Vector base + 0x1A0 SPIO ‘ | bit ‘ SPICR1 (SPIE, SPTIE) No Yes
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(72) CCR Wake-up from Wake-up from

Vector address Interrupt source mask Local enable STOP WAIT
Vector base + 0x19C

to Reserved
Vector base + 0x184
Vector base + 0x180 Oscillator status interrupt | bit CPMUINT (OSCIE) No Yes
Vector base + 0x17C PLL lock interrupt | bit CPMUINT (LOCKIE) No Yes
Vector base + 0x178

to Reserved
Vector base + 0x174
Vector base + 0x170 RAM error | bit ‘ ECCIE (SBEEIE) No Yes
Vector base + 0x16C

to Reserved
Vector base + 0x168
Vector base + 0x164 FLASH error | bit FERCNFG (SFDIE) No Yes
Vector base + 0x160 FLASH command | bit FCNFG (CCIE) No Yes
Vector base + 0x15C CANO wake-up | bit CANRIER (WUPIE) Yes Yes

. CANRIER (CSCIE,

Vector base + 0x158 CANO errors | bit OVRIE) No Yes
Vector base + 0x154 CANO receive | bit CANRIER (RXFIE) No Yes
Vector base + 0x150 CANO transmit | bit CANRIER (TXEIE[2:0]) No Yes
Vector base + 0x14C

to Reserved
Vector base + 0x108
Vector base + 0x104 Low-voltage interrupt (LVI) | bit CPMUCTRL (LVIE) No Yes
Vector base + 0x100 Autonomous periodical interrupt (API) | bit CPMUAPICTRL (APIE) Yes Yes

Vector base + OxFC
to
Vector base + 0x10

Reserved

Notes:
72.15 bits vector address based

5.2.8.3 Effects of reset

When a reset occurs, MCU registers and control bits are initialized. Refer to the respective block sections for register reset states.

On each reset, the Flash module executes a reset sequence to load Flash configuration registers.

5.2.8.3.1

Flash configuration reset sequence phase

On each reset, the Flash module holds CPU activity while loading Flash module registers from the Flash memory. If double faults are
detected in the reset phase, Flash module protection and security may be active when leaving reset. This is explained in more detail in

the Flash module description.

5.2.8.3.2 Reset while flash command active

If a reset occurs while any Flash command is in progress, that command is immediately aborted. The state of the word being programmed

or the sector/block being erased is not guaranteed.

5.2.8.3.3 /0 pins

Refer to the PIM section for reset configurations of all peripheral module ports.
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5.2.8.3.4 RAM

The system RAM arrays, including their ECC syndromes, are initialized following a power on reset. All other RAM arrays are not initialized
out of any type of reset.

With the exception of resets resulting from low voltage conditions, the RAM content is unaltered by a reset occurrence.

5.2.9 BDC clock source connectivity

The BDC clock, BDCCLK, is mapped to the IRCCLK generated in the CPMU module.
The BDC clock, BDCFCLK, is mapped the device bus clock generated in the CPMU module.

5.2.10 COP configuration

The COP timeout rate bits CR[2:0] and the WCOP bit in the CPMUCOP register are loaded from the Flash configuration field byte at global
address 0xFF_FEOE during the reset sequence. See Table 57 and Table 58 for coding.

Table 57. Initial COP rate configuration

NV[2:0] in FOPT Register CR[2:0] in COPCTL Register
000 111
001 110
010 101
01 100
100 01
101 010
110 001
111 000

Table 58. Initial WCOP configuration

NV[3] in FOPT Register WCOP in COPCTL Register
1 0
0 1
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6 Functional description and application information

This chapter describes the MM9Z1_638 dual die device functions on a block by block base.

6.1 Device register map

Table 59 shows the device register memory map overview.

Table 59. Device register memory map overview

Address Module Size (Bytes)
0x0000-0x0DFF Ref to Module register address ranges 3584
0xOEO00—-OxOEFF D2DI (die 2 die initiator, blocking access window) 256
0x0F00—-0xOFFF D2DI (die 2 die initiator, non-blocking write window) 256

Note

The reserved register space shown in Table 59 is not allocated to any module. This register space is
reserved for future use. Writing to these locations has no effect. Read access to these locations
returns a zero.

6.1.1 Detailed module register map

Bit Legend

I:l = Unimplemented, Reserved _ = Implemented (do not alter)
= Indeterminate lI| = Always read zero

Table 60. Analog die registers - 0X0E00—-0x0EFF D2D blocking access (D2DI) 0x0F00-0x0FFF D2D non blocking access (D2DI)

Offset("® Name 7 6 5 4 3 2 1 0
PCR_CTL (hi) R 0 0 0 0 0 0 0 ‘ 0
0x00 PCR Control Register W HTIEM UVIEM HWRM PFM OPMM
X
PCR_CTL (lo) R 0
HTIE UVIE PF OPM
PCR Control Register w HWR
0x02 PCR_SR (hi) R HTF UVF HWRF WDRF HVRF ‘ LVRF WULTCF ‘ WLPMF
X
PCR Status Register w Write 1 will clear the flags
0x03 PCR_SR (lo) R | WUAHTHF | WUCTHF | WUCALF | WULINF | WUPTB4F ‘ WUPTB3F | WUPTB2F ‘ WUPTB1F
X
PCR Status Register w Write 1 will clear the flags
PCR_PRESC (hi) R
PCR 1.0 ms prescaler w
0x04 PRESC
PCR_PRESC (lo) R
PCR 1.0 ms prescaler w
PCR_WUE (hi) R
0x06 WUAHTH | WUCTH | WUCAL | WULIN | WUPTB4 | WUPTB3 | WUPTB2 | WUPTB1
Wake-up Enable Register W
PCR_WUE (lo) R 0 0 0 0 0 HTWF TSDF
0x07 WULTC
Wake-up Enable Register w
0x08 INT_SRC (hi) R TOV CH3 CH2 CH1 CHO LFI HTI uvi
X
Interrupt source register w
009 INT_SRC (lo) R 0 0 CAL LTC CVMI RX X ERR
X
Interrupt source register w
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset("3) Name 7 6 5 4 3 2 1 0
INT_VECT R 0 0 0 0 IRQ
0x0A
Interrupt vector register w
R 0 0 0 0 0 0 0 0
0x0B
W
INT_MSK (hi) R
TOVM CH3M CH2M CH1M CHOM LFIM HTIM UVvVIM
Interrupt mask register w
0x0C
INT_MSK (lo) R 0 0
CALM LTCM CVMM RXM TXM ERRM
Interrupt mask register w
TRIM_ALF (hi) R PRDF 0 0 APRESC
Trim for accurate 1.0 ms low
W
freq clock
0x0E
TRIM_ALF (hi) R APRESC
Trim for accurate 1.0 ms low
W
freq clock
WD_CTL (hi) R 0 0 0 0 0 0 0 0
ox10 Watchdog control register W | WDTSTM WDTOM
X
WD_CTL (lo) R 0 0 0 0
WDTST WDTO
Watchdog control register w
0x12 WD_SR R 0 0 0 0 0 0 WDOFF WDWO
X
Watchdog status register w
R 0 0 0 0 0 0 0 0
0x13
W
WD_RR R
0x14 WDR
Watchdog rearm register w
R 0 0 0 0 0 0 0 0
0x15
W
R 0 0 0 0 0 0 0 0
0x16
W
R 0 0 0 0 0 0 0 0
0x17
W
SCIBD (hi) R 0
LBKDIE | RXEDGIE SBR12 SBR11 SBR10 SBR9 SBR8
SCI Baud Rate Register w
0x18
SCIBD (lo) R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
SCI Baud Rate Register w
SCIC1 R
0x1A LOOPS DPD1 RSRC M DPDO ILT PE PT
SCI Control Register 1 w
SCiCc2 R
0x1B TIE TCIE RIE ILIE TE RE RWU SBK
SCI Control Register 2 w
ox1C SCIs1 R TDRE TC RDRF IDLE OR NF FE PF
X
SCI Status Register 1 w
SCIS2 R 0 RAF
0x1D LBKDIF | RXEDGIF RXINV RWUID BRK13 LBKDE
SCI Status Register 2 w
SCIC3 R R8
Ox1E T8 TXDIR TXINV ORIE NEIE FEIE PEIE
SCI Control Register 3 w
Ox1F SCID R R7 R6 R5 R4 R3 R2 R1 RO
X
SCI Data Register W T7 T6 T5 T4 T3 T2 T1 TO
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Table 60. Analog die registers - 0X0E00—0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset("® Name 7 6 5 4 3 2 1 0
TIOS R 0 0 0 0
0x20 Timer Input Capture/Output W I0S3 1082 1081 10S0
Compare Select
021 CFORC R 0 0 0 0 0 0 0 0
X
Timer Compare Force Register | W FOC3 FOC2 FOC1 FOCO
OC3M R 0 0 0 0
0x22 Output Compare 3 Mask W OC3M3 OC3M2 OC3M1 OC3M0
Register
OC3D R 0 0 0 0
Register
TCNT (hi) R
Timer Count Register w
0x24 TCNT
TCNT (lo) R
Timer Count Register w
TSCR1 R 0 0 0 0 0 0
0x26 Timer System Control Register W TEN TFFCA
1
TTOV R 0 0 0 0
0x27 TOV3 TOV2 TOV1 TOVO
Timer Toggle Overflow Register | W
TCTL1 R
0x28 OoM3 OoL3 Oom2 OoL2 oM1 oL1 OMO oLo
Timer Control Register 1 w
TCTL2 R
0x29 EDG3B EDG3A EDG2B EDG2A EDG1B EDG1A EDGOB EDGOA
Timer Control Register 2 w
TIE R 0 0 0 0
0x2A C3l C2I C1l Col
Timer Interrupt Enable Register | W
TSCR2 R 0 0 0
0x2B Timer System Control Register W TOI TCRE PR2 PR1 PRO
2
TFLG1 R 0 0 0 0
0x2C C3F C2F C1F COF
Main Timer Interrupt Flag 1 w
TFLG2 R 0 0 0 0 0 0 0
0x2D TOF
Main Timer Interrupt Flag 2 w
TCO (hi) R
Timer Input Capture/Output
) W
Compare Register 0
0x2E TCO
TCO (lo) R
Timer Input Capture/Output W
Compare Register 0
TC1 (hi) R
Timer Input Capture/Output
) W
Compare Register 1
0x30 TC1
TC1 (lo) R
Timer Input Capture/Output
) W
Compare Register 1
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset("3) Name 7 6 5 4 3 2 1 0
TC2 (hi) R
Timer Input Capture/Output
) W
Compare Register 2
0x32 TC2
TC2 (lo) R
Timer Input Capture/Output W
Compare Register 2
TC3 (hi) R
Timer Input Capture/Output
) W
Compare Register 3
0x34 TC3
TC3 (lo) R
Timer Input Capture/Output W
Compare Register 3
TIMTST R 0 0 0 0 0 0 0
0x36 TCBYP
Timer Test Register w
R 0 0 0 0 0 0 0 0
0x37
W
LTC_CTL (hi) R 0 0 0 0 0 0 0 0
0x38 ife Ti
Life Time Cgunter control W LTCIEM LTCEM
register
LTC_CTL (lo) R 0 0 0 0 0 0
0x39 Life Time Counter control W LTCIE LTCE
register
LTC_SR R LTCOF 0 0 0 0 0 0 0
0x3A ife Ti
Life Time Cgunter status w Write 1 will clear the flag
register
R 0 0 0 0 0 0 0 0
0x3B
W
LTC_CNT1 (hi) R
0x3C
Life Time Counter Register w
LTC_CNT1 (lo) R
0x3D
Life Time Counter Register w
LTC
LTC_CNTO (hi) R
0x3E
Life Time Counter Register W
LTC_CNTO (lo) R
0x3F
Life Time Counter Register w
Ox40 GPIO_CTL (hi) R 0 0 0 0 0 0 0 0
X
GPIO control register W DIR3M DIR2M DIR1M PE4M PE3M PE2M PE1M
GPIO_CTL (lo) R 0
0x41 DIR3 DIR2 DIR1 PE4 PE3 PE2 PE1
GPIO control register w
GPIO_PUC R 0 0 0 0
0x42 GPIO pull-up/down W PDE4 PUE3 PUE2 PUE1
configuration
Ox43 GPIO_DATA R 0 0 0 PD4 PD3 PD2 PD1 0
X
GPIO port data register w
GPIO_IN1 R 0 0
0x44 TCAP3 TCAP2 TCAP1 TCAPO SCIRX LINTX
Port 1input configuration w
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Table 60. Analog die registers - 0X0E00—0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset("® Name 7 6 5 4 3 2 1 0
GPIO_OUT1 R 0
0x45 - - WKUP TCOMP3 | TCOMP2 | TCOMP1 | TCOMPO SCITX LINRX
Port 1output configuration w PTBX1
GPIO_IN2 R 0 0
0x46 TCAP3 TCAP2 TCAP1 TCAPO SCIRX LINTX
Port 2 input configuration w
GPIO_OUT2 R 0
0x47 WKUP TCOMP3 | TCOMP2 | TCOMP1 | TCOMPO SCITX LINRX
Port 2 output configuration w PTBX2
GPIO_IN3 R 0 0
0x48 - - - TCAP3 TCAP2 TCAP1 TCAPO SCIRX LINTX
Port 3 input configuration w
GPIO_OUT3 R 0
0x49 - - WKUP TCOMP3 | TCOMP2 | TCOMP1 | TCOMPO SCITX LINRX
Port 3 output configuration w PTBX3
GPIO_IN4 R 0
O0x4A PTWU TCAP3 TCAP2 TCAP1 TCAPO NWUS NWUE
Port 4 input configuration w
GPIO_VSENSE R 0
0x4B - - VSSEL VSE4 VSE3 VSE2 VSE1 VSEO
GPIO Vggnsg configuration | W
GPIO_TSENSE R 0 0 0
0x4C - - TSE4 TSE3 TSE2 TSE1 TSEO
GPIO Tgense configuration W
R 0 0 0 0 0 0 0 0
0x4D
W
R 0 0 0 0 0 0 0 0
Ox4E
W
R 0 0 0 0 0 0 0 0
0x4F
W
LIN_CTL (hi) R 0 0 0 0 0 0 0 0
0x50
LIN control register w OTIEM TXED'aMI LVSDM ENM SRSM
LIN_CTL (lo R 0
0x51 - (o) OTIE TXDOMI LVSD EN SRS
LIN control register w E
Ox52 LIN_SR (hi) R oT TXDOM HF 0 uv 0 0 0
X
LIN status register w Write 1 will clear the flags
LIN_SR (lo) R RDY 0 0 0 0 0 RX X
0x53
LIN status register w
LIN_TX R 0 0 0 0 0 0
0x54 FROMPTB | FROMSCI
LIN transmit line definition W
LIN_RX R 0 0 0 0 0 0
0x55 TOPTB TOSCI
LIN receive line definition w
R 0 0 0 0 0 0 0 0
0x56
W
R 0 0 0 0 0 0 0 0
0x57
W
Ox58 ACQ_CTL (hi) R 0 0 0 0 0 0 0 0
X
Acquisition control register W | AHCRM NVSEM | CVMIEM | ETMENM | ITMENM VMENM CMENM
ACQ_CTL (lo) R 0
0x59 — - NVSE CVMIE ETMEN ITMEN VMEN CMEN
Acquisition control register w AHCR
OX5A ACQ_SR (hi) R AVRF PGAG VMOW CMOW ETM IT™ VM CM
X
Acquisition status register w Write 1 will clear the flags
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset(73) Name 7 6 5 4 3 2 1 0
OxX5B ACQ_SR (lo) R 0 0 0 VTH ETCHOP ITCHOP VCHOP CCHOP
X
Acquisition status register w
ACQ_ACC1 (hi) R 0 0 0 0 0 0 0 0
Ox5C Acquisition chain control W | TCOMPM | VCOMPM CCl\aMP LPFENM | ETCHOPM | ITCHOPM CVCI;\TOP AGENM
X
ACQ_ACC1 (lo) R
TCOMP VCOMP | CCOMP LPFEN ETCHOP ITCHOP | CVCHOP AGEN
Acquisition chain control w
ACQ_ACCO (hi) R 0 0 0 0 0 0 0 0
Acquisition chain control W | ZEROM
Ox5E
ACQ_ACCQO (lo) R
ZERO
Acquisition chain control w
ACQ_DEC R 0 0 0 0 0
0x60 DEC[2:0]
Decimation rate W
R 0 0 0 0 0 0 0 0
0x61
W
ACQ_GAIN R 0
G256DIS G64DIS G16DIS G4DIS LPGEN IGAIN[1:0]
PGA gain w
0x62
ACQ_GCB R b
GCB threshold w
ACQ_ITEMP (hi) R ITEMP[15:8]
Internal temperature W
measurement
0x64
ACQ_ITEMP (lo) R ITEMPJ[7:0]
Internal temperature W
measurement
ACQ_ETEMP (hi) R ETEMP[15:8]
External temperature W
measurement
0x66
ACQ_ETEMP (lo) R ETEMPI[7:0]
External temperature W
measurement
R 0 0 0 0 0 0 0 0
W
0x68
ACQ_CURR1 R CURR[23:16]
Current measurement W | ‘
ACQ_CURRQO (hi) R CURR[15:8]
Current measurement W | ‘
0x6A
ACQ_CURRO (lo) R CURR[7:0]
Current measurement w | ‘
ACQ_VOLT (hi) R VOLT[15:8]
Current measurement W | ‘
0x6C
ACQ_VOLT (lo) R VOLT[7:0]
Current measurement W | ‘
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Table 60. Analog die registers - 0X0E00—0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset(™® Name 7 6 5 4 3 2 1 0
ACQ_LPFC R 0 0 0 0
Low pass filter coefficient W LPFC
OX6E number
R 0 0 0 0 0 0 0 0
w
ACQ_TCMP R
Low power trigger current W
0x70 measurement period TCMP
R
w
ACQ_THF R
Low power current threshold THF
L . W
0x72 filtering period
R 0 0 0 0 0 0 0 0
w
ACQ_CVCR (hi) R 0 0 0 0 0 0 0 0
Current and voltage chopper W IIRCM
control register
0x74
ACQ_CVCR (lo) R 0 0 0 0 0
Current and voltage chopper | |, lIRC
control register
ACQ_CTH R
CTH
Low power current threshold | W
0x76
R 0 0 0 0 0 0 0 0
w
ACQ_AHTH1 (hi) R 0
0x78 Low power Ah counter W
threshold
ACQ_AHTH1 (lo) R
0x79 Low power Ah counter W
threshold
AHTH[30:0]
ACQ_AHTHO (hi) R
0x7A Low power Ah counter W
threshold
ACQ_AHTHO (lo) R
0x7B Low power Ah counter W
threshold
ACQ_AHC1 (hi) R AHC[31:0]
0x7C
Low power Ah counter w ‘ | ‘ ‘ | ‘ ‘
ACQ_AHC1 (lo) R AHC[23:16]
0x7D
Low power Ah counter W ‘ | ‘ | I ‘
ACQ_AHCO (hi) R AHC[15:8]
Ox7E
Low power Ah counter W ‘ | ‘ ‘ | ’ ‘
ACQ_AHCO (lo) R AHC[7:0]
Ox7F
Low power Ah counter w ‘ | ‘ I | I ‘
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset(73) Name 7 6 5 4 3 2 1 0

LPF_AO0 (hi) R
AO filter coefficient w

0x80 A0[15:0]
LPF_AO (lo) R
AO filter coefficient W
LPF_A1 (hi) R
A1 filter coefficient W

0x82 A1[15:0]
LPF_A1 (lo) R
A1 filter coefficient w
LPF_A2 (hi) R
A2 filter coefficient W

0x84 A2[15:0]
LPF_A2 (lo) R
A2 filter coefficient W
LPF_A3 (hi) R
A3 filter coefficient w

0x86 A3[15:0]
LPF_A3 (lo) R
A3 filter coefficient W
LPF_A4 (hi) R
A4 filter coefficient W

0x88 A4[15:0]
LPF_A4 (lo) R
A4 filter coefficient w
LPF_A5 (hi) R
A5 filter coefficient W

0x8A A5[15:0]
LPF_AS5 (lo) R
A5 filter coefficient W
LPF_AG (hi) R
A6 filter coefficient w

0x8C A6[15:0]
LPF_AG6 (lo) R
AG filter coefficient w
LPF_A7 (hi) R
AT filter coefficient W

0x8E A7[15:0]
LPF_A7 (lo) R
A7 filter coefficient w
LPF_A8 (hi) R
A8 filter coefficient w

0x90 A8[15:0]
LPF_A8 (lo) R
A8 filter coefficient W
LPF_A9 (hi) R
A9 filter coefficient w

0x92 A9[15:0]
LPF_A9 (lo) R
A9 filter coefficient w
LPF_A10 (hi) R
A10 filter coefficient W

0x94 A10[15:0]
LPF_A10 (lo) R
A10 filter coefficient w
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Table 60. Analog die registers - 0X0E00—0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset(™® Name 7 6 5 4 3 2 1 0
LPF_A11 (hi) R
A11 filter coefficient w
0x96 A11[15:0]
LPF_A11 (lo) R
A11 filter coefficient w
LPF_A12 (hi) R
A12 filter coefficient w
0x98 A12[15:0]
LPF_A12 (lo) R
A12 filter coefficient w
LPF_A13 (hi) R
A13 filter coefficient w
0x9A A13[15:0]
LPF_A13 (lo) R
A13 filter coefficient w
LPF_A14 (hi) R
A14 filter coefficient w
0x9C A14[15:0]
LPF_A14 (lo) R
A14 filter coefficient w
LPF_A15 (hi) R
A15 filter coefficient w
0x9E A15[15:0]
LPF_A15 (lo) R
A15 filter coefficient w
COMP_CTL (hi) R 0 0 0 0 0 0 0 0
OXAO Compensation control register | W | OPENEM PGAZM | PGAOM | DIAGVM DIAGIM DIAGTM CALIEM
X
COMP_CTL (lo) R 0
OPENE PGAZ PGAO DIAGV DIAGI DIAGT CALIE
Compensation control register | W
OxA2 COMP_SR R OPEN BGRF 0 PGAOF 0 0 0 CALF
X
Compensation status register | W Write 1 will clear the flags
COMP_TF R 0
0xA3 IRSEL ATGCE TMF
Temperature filtering period W
COMP_TMAX (hi) R
TCMAX
Max. temp. before recalibration | W
0xA4
COMP_TMAX (lo) R 0 0 0 0 0 0 0 0
Max. temp. before recalibration | W
COMP_TMIN (hi) R
TCMIN
Min. temp. before recalibration | W
0xA6
COMP_TMIN (lo) R 0 0 0 0 0 0 0 0
Min. temp. before recalibration | W
R 0 0 0 0 0 0 0 0
w
0xA8
R 0 0 0 0 0 0 0 0
w
COMP_VO R
OxAA vVOC
Offset voltage compensation | W
COMP_IO R
0xAB COC
Offset current compensation | W
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset(7?) Name 7 6 5 4 3 2 1 0

O0xAC

COMP_VSG (hi)

0

0

0

0

0 0

Gain voltage compensation
vsense channel

VSGC

COMP_VSG (Io)

Gain voltage compensation
vsense channel

VSGC

OxAE

COMP_TVSG (hi)

Voltage gain temp
compensation above 25 °C

TVSGCP

COMP_TVSG (lo)

Voltage gain temp
compensation below 25 °C

TVSGCN

0xB0O

COMP_IG4 (hi)

Gain current compensation

IGC4

COMP_IG4 (Io)

Gain current compensation

IGC4

0xB2

COMP_TIG4 (hi)

Gain current compensation
above 25 °C

TIGC4P

COMP_TIG4 (lo)

Gain current compensation
below 25 °C

TIGC4N

0xB4

COMP_IG16 (hi)

Gain current compensation

IGC16

COMP_IG16 (Io)

Gain current compensation

IGC16

0xB6

COMP_TIG16 (hi)

Gain current compensation
above 25 °C

TIGC16P

COMP_TIG16 (Io)

Gain current compensation
below 25 °C

TIGC16N

0xB8

COMP_IG64 (hi)

Gain current compensation

IGC64

COMP_IG64 (Io)

Gain current compensation

IGCo64

0xBA

COMP_TIG64 (hi)

Gain current compensation
above 25 °C

TIGC64P

COMP_TIG64 (o)

Gain current compensation
below 25 °C

TIGC64N

0xBC

COMP_1G256 (hi)

Gain current compensation

IGC256

COMP_I1G256 (lo)

Gain current compensation

S VI -3 I v - s - I« R > v -3 > v | - > « - v - B v | -3 [« H - I - B v - I v -3 I« A - B R B - R v R

IGC256
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Table 60. Analog die registers - 0X0E00—0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset("® Name 7 6 5 4 3 2 1 0
COMP_TIG256 (hi) R 0 0 0
Current gain temp TIGC256P
) R w
compensation above 25 °C
OxBE
COMP_TIG256 (lo) R 0 0 0
Current gain temp W TIGC256N
compensation below 25 °C
COMP_PGAO4 (hi) R 0 0 0 0 0
PGAOC4
Offset PGA compensation w
0xCO0
PGAO4 (lo) R
PGAOC4
Offset PGA compensation w
R 0 0 0 0 0 0 0 0
w
0xC2
R 0 0 0 0 0 0 0 0
W
COMP_PGAO16 (hi) R 0 0 0 0 0
PGAOC16
Offset PGA compensation w
0xC4
COMP_PGAO16 (lo) R
PGAOC16
Offset PGA compensation w
R 0 0 0 0 0 0 0 0
W
0xC6
R 0 0 0 0 0 0 0 0
w
COMP_PGAO64 (hi) R 0 0 0 0 0
PGAOC64
Offset PGA compensation w
0xC8
COMP_PGAO64 (lo) R
: PGAOC64
Offset PGA compensation w
R 0 0 0 0 0 0 0 0
w
0xCA Reserved
R 0 0 0 0 0 0 0 0
w
COMP_PGAQ0256 (hi) R 0 0 0 0 0
PGAOC256
Offset PGA compensation w
0xCC
COMP_PGAO0256 (lo) R
PGAOC256
Offset PGA compensation w
R 0 0 0 0 0 0 0 0
w
0xCE
R 0 0 0 0 0 0 0 0
w
COMP_ITO R
0xDO Internal temp. offset W ITOC
compensation
COMP_ITG R
0xD1 Internal temp. gain W ITGC
compensation
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset(™ Name 7 6 5 4 3 2 1 0
COMP_ETO R
0xD2 External temp. offset W ETOC
compensation
COMP_ETG R
0xD3 External temp. gain W ETGC
compensation
R 0 0 0 0 0 0 0 0
0xD4
w
R 0 0 0 0 0 0 0 0
0xD5
w
R 0 0 0 0 0 0 0 0
0xD6
w
R 0 0 0 0 0 0 0 0
0xD7
w
R 0 0 0 0 0 0 0 0
0xD8
w
R 0 0 0 0 0 0 0 0
0xD9
w
R 0 0 0 0 0 0 0 0
OxDA
w
R 0 0 0 0 0 0 0 0
0xDB
w
R 0 0 0 0 0 0 0 0
0xDC
w
R 0 0 0 0 0 0 0 0
0xDD
w
R 0 0 0 0 0 0 0 0
0xDE
w
R 0 0 0 0 0 0 0 0
O0xDF
w
TRIM_BGO (hi) R
0xEOQ IBG1[2:1] TCIBG2 TCIBG1
Trim bandgap 0 w
TRIM_BGO (lo) R
OxE1 IBG1[0] LvVT TCBG2 TBG1
Trim bandgap 0 w
TRIM_BG1 (hi) R
O0xE2 V1P2BG2 V2P2BG1
Trim bandgap 1 w
TRIM_BG1 (lo) R
OxE3 VDDXLPMODE V2P5BG1
Trim bandgap 1 w
TRIM_OSC (hi) R
OxE4 SLPBG LPOSC[12:8]
Trim LP oscillator w
TRIM_OSC (lo) R
OxE5 LPOSC[7:0]
Trim LP oscillator w
R 0 0 0 0 0 0 0 0
OxE6
w
R 0 0 0 0 0 0 0 0
OxE7
w
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Table 60. Analog die registers - 0X0E00—0xO0EFF D2D blocking access (D2DI) 0x0F00—-0x0FFF D2D non blocking access (D2DI)

Offset("3 Name 7 6 5 4 3 2 1 0

OXES R 0 0 0 0 0 0 0 0
X

w
OXES R 0 0 0 0 0 0 0 0
X

w
OXEA R 0 0 0 0 0 0 0 0
X

w
OxEB R 0 0 0 0 0 0 0 0
X

w
OXEC R 0 0 0 0 0 0 0 0
X

w
OxED R 0 0 0 0 0 0 0 0
X

w
OXEE R 0 0 0 0 0 0 0 0
X

w
OXEF R 0 0 0 0 0 0 0 0
X

w

R 0 0 0 0 0 0 0 0
OxFO Reserved

w

R 0 0 0 0 0 0 0 0
OxF1 Reserved

w

R 0 0 0 0 0 0 0 0
0xF2 Reserved

w

R 0 0 0 0 0 0 0 0
OxF3 Reserved

w

R 0 0 0 0 0 0 0 0
OxF4 Reserved

w

R 0 0 0 0 0 0 0 0
0xF5 Reserved

w

R 0 0 0 0 0 0 0 0
OxF6 Reserved

w

R 0 0 0 0 0 0 0 0
OxF7 Reserved

w

R 0 0 0 0 0 0 0 0
OxF8 Reserved

w

R 0 0 0 0 0 0 0 0
0xF9 Reserved

w

R 0 0 0 0 0 0 0 0
OxFA Reserved

w

R 0 0 0 0 0 0 0 0
0xFB Reserved

w

R 0 0 0 0 0 0 0 0
0xFC Reserved

w

R 0 0 0 0 0 0 0 0
OxFD Reserved

w
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Table 60. Analog die registers - 0X0E00—O0xO0EFF D2D blocking access (D2DI) 0x0F00-0x0FFF D2D non blocking access (D2DI)

Offset(73) Name 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
OxFE Reserved
w
R 0 0 0 0 0 0 0 0
OxFF Reserved
w
Notes:

73.Register Offset with the “lo” address value not shown have to be accessed in 16-Bit mode. 8-Bit access will not function.

Bit legend

|:| = Unimplemented, Reserved _ = Implemented (do not alter)

= Indeterminate lI| = Always read zero
6.2 Clock, reset, and power management unit (S12ZCPMU + PCR)

Table 61. Modes and watchdogs.

MM9Z1_638
S$12Z die Analog Die
Mode
Mode COP watchdog (COP WD) Mode Window watchdog (WWD)
Normal normal run / or not normal run / or not
Sleep power off no sleep no
stop run / or not
Stop stop no
pseudo-stop run / or not

6.2.1 S12Z clock, reset and power management unit (S12ZCPMU)

6.2.1.1 Introduction

This specification describes the function of the Clock, Reset and Power Management Unit (S12ZCPMU).
» The Pierce oscillator (XOSCLCP) provides a robust, low-noise and low-power external clock source. It is designed for optimal
start-up margin with typical crystal oscillators.
» The voltage regulator (IVREG) operates from the range 3.13 to 5.5 V. It provides all the required chip internal voltages and voltage
monitors.
» The phase locked loop (PLL) provides a highly accurate frequency multiplier with internal filter.
» The internal reference clock (IRC1M) provides a 1.024 MHz internal clock.

6.2.1.2 Features

The Pierce Oscillator (XOSCLCP) contains circuitry to dynamically control current gain in the output amplitude. This ensures a signal with
low harmonic distortion, low-power and good noise immunity.

» Supports crystals or resonators from 4.0 to 16.384 MHz

» High noise immunity due to input hysteresis and spike filtering

* Low RF emissions with peak-to-peak swing limited dynamically

» Transconductance (gm) sized for optimum start-up margin for typical crystals

« Dynamic gain control eliminates the need for external current limiting resistor

 Integrated resistor eliminates the need for external bias resistor

* Low-power consumption: Operates from internal 1.8 V (nominal) supply, amplitude control limits power
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» Optional oscillator clock monitor reset
+ Optional full swing mode for higher immunity against noise injection on the cost of higher power consumption and increased
emission

The voltage regulator (IVREG) has the following features:
* Input voltage range from 3.13 to 5.5V
* Low-voltage detect (LVD) with low-voltage interrupt (LVI)
* Power-on reset (POR)
* Low-voltage reset (LVR)
» Voltage regulator providing Full Performance mode (FPM) and Reduced Performance mode (RPM)

The Phase Locked Loop (PLL) has the following features:
» Highly accurate and phase locked frequency multiplier
» Configurable internal filter for best stability and lock time
» Frequency modulation for defined jitter and reduced emission
» Automatic frequency lock detector
* Interrupt request on entry or exit from locked condition
* PLL clock monitor reset
» Reference clock either external (crystal) or internal square wave (1.024 MHz IRC1M) based.
» PLL stability is sufficient for LIN communication in slave mode, even if using IRC1M as reference clock

The Internal Reference Clock (IRC1M) has the following features:
» Frequency trimming
(A factory trim value for 1.024 MHz is loaded from flash memory into the IRCTRIM register after reset, which can be overwritten by
application if required)
» Temperature coefficient (TC) trimming.
(A factory trim value is loaded from Flash Memory into the IRCTRIM register to turn off TC trimming after reset. Application can trim
the TC if required by overwriting the IRCTRIM register).

Other features of the S12ZCPMU include

+ Oscillator clock monitor to detect loss of crystal

» Autonomous periodical interrupt (API)

» Bus Clock Generator
— Clock switch to select either PLLCLK or external crystal/resonator based bus clock
— PLLCLK divider to adjust system speed

» System reset generation from the following possible sources:
— Power-on reset (POR)
— Low-voltage reset (LVR)
— COP timeout
— Loss of oscillation (oscillator clock monitor fail)
— Loss of PLL clock (PLL clock monitor fail)
— External pin RESET

6.2.1.3 Modes of operation
This subsection lists and briefly describes all operating modes supported by the S12ZCPMU.

6.2.1.3.1 Run mode

The voltage regulator is in Full Performance mode (FPM).

Note

The voltage regulator is active, providing the nominal supply voltages with full current sourcing
capability (see Electrical specification for voltage regulator). The features ACLK clock source, Low
Voltage Interrupt (LVI), Low Voltage Reset (LVR) and Power-On Reset (POR) are available.

The phase locked loop (PLL) is on.
The internal reference clock (IRC1M) is on.
The APl is available.
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* PLL Engaged Internal (PEI)
— This is the default mode after System Reset and Power-On Reset.
— The Bus Clock is based on the PLLCLK.
— After reset the PLL is configured for 50 MHz VCOCLK operation.
Post divider is 0x03, so PLLCLK is VCOCLK divided by 4, that is 12.5 MHz and bus clock is 6.25 MHz.
The PLL can be re-configured for other bus frequencies.
— The reference clock for the PLL (REFCLK) is based on internal reference clock IRC1M.
* PLL engaged external (PEE)
— The bus clock is based on the PLLCLK.
— This mode can be entered from default mode PEI by performing the following steps:
— Configure the PLL for desired bus frequency.
— Program the reference divider (REFDIV[3:0] bits) to divide down oscillator frequency if necessary.
— Enable the external oscillator (OSCE bit).
— Wait for oscillator to start-up (UPOSC=1) and PLL to lock (LOCK=1).
* PLL bypassed external (PBE)
— The bus clock is based on the oscillator clock (OSCCLK).
— The PLLCLK is always on to qualify the external oscillator clock. Therefore it is necessary to make sure a valid PLL configuration
is used for the selected oscillator frequency.
— This mode can be entered from default mode PEI by performing the following steps:
— Make sure the PLL configuration is valid for the selected oscillator frequency.
— Enable the external oscillator (OSCE bit).
— Wait for oscillator to start up (UPOSC=1).
— Select the oscillator clock (OSCCLK) as bus clock (PLLSEL=0).
— The PLLCLK is on and used to qualify the external oscillator clock.

6.2.1.3.2 Wait mode
For S12ZCPMU Wait mode is the same as Run mode.

6.2.1.3.3 Stop mode
This mode is entered by executing the CPU STOP instruction.

The voltage regulator is in Reduced Performance mode (RPM).

Note
The voltage regulator output voltage may degrade to a lower value than in Full Performance mode
(FPM), additionally the current sourcing capability is substantially reduced (see Electrical
specification for voltage regulator). Only clock source ACLK is available and the Power-On-Reset
(POR) circuitry is functional. The low-voltage interrupt (LVI) and low-voltage reset (LVR) are disabled.

The API is available.

The phase locked loop (PLL) is off.

The internal reference clock (IRC1M) is off.
Core clock and bus clock are stopped.

Depending on the setting of the PSTP and the OSCE bit, Stop mode can be differentiated between Full Stop mode (PSTP =0 or OSCE=0)
and Pseudo Stop mode (PSTP = 1 and OSCE=1). In addition, the behavior of the COP in each mode changes based on the clocking
method selected by COPOSCSEL[1:0].
* Full Stop mode (PSTP = 0 or OSCE=0)
External oscillator (XOSCLCP) is disabled.
— If COPOSCSEL1=0:
The COP and RTI counters halt during Full Stop mode.
After wake-up from Full Stop mode the core clock and bus clock are running on PLLCLK (PLLSEL=1). COP and RTI are running
on IRCCLK (COPOSCSEL0=0, RTIOSCSEL=0).
— If COPOSCSEL1=1:
The clock for the COP is derived from ACLK (trimmable internal RC-Oscillator clock). During Full Stop mode the ACLK for the
COP can be stopped (COP static) or running (COP active) depending on the setting of bit CSAD. When bit CSAD is set the ACLK
clock source for the COP is stopped during Full Stop mode and COP continues to operate after exit from Full Stop mode. For this
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COP configuration (ACLK clock source, CSAD set) a latency time occurs when entering or exiting (Full, Pseudo) Stop mode.
When bit CSAD is clear the ACLK clock source is on for the COP during Full Stop mode and COP is operating.
During Full Stop mode the RTI counter halts.
After wake-up from Full Stop mode the core clock and bus clock are running on PLLCLK (PLLSEL=1). The COP runs on ACLK
and RTl is running on IRCCLK (COPOSCSEL0=0, RTIOSCSEL=0).
* Pseudo Stop mode (PSTP =1 and OSCE=1)

External oscillator (XOSCLCP) continues to run.

— If COPOSCSEL1=0:
If the respective enable bits are set (PCE=1 and PRE=1) the COP and RTI continues to run with a clock derived from the oscillator
clock.
The clock configuration bits PLLSEL, COPOSCSELO, RTIOSCSEL are unchanged.

— If COPOSCSEL1=1:
If the respective enable bit for the RTl is set (PRE=1) the RTI continues to run with a clock derived from the oscillator clock.
The clock for the COP is derived from ACLK (trimmable internal RC-oscillator clock). During Pseudo Stop mode the ACLK for the
COP can be stopped (COP static) or running (COP active) depending on the setting of bit CSAD. When bit CSAD is set the ACLK
for the COP is stopped during Pseudo Stop mode and COP continues to operate after exit from Pseudo Stop mode.
For this COP configuration (ACLK clock source, CSAD set) a latency time occurs when entering or exiting (Pseudo, Full) Stop
mode. When bit CSAD is clear the ACLK clock source is on for the COP during Pseudo Stop mode and COP is operating.
The clock configuration bits PLLSEL, COPOSCSELO, RTIOSCSEL are unchanged.

Note

When starting up the external oscillator (either by programming OSCE bit to 1 or on exit from Full
Stop mode with OSCE bit already 1) the software must wait for a minimum time equivalent to the
start-up time of the external oscillator t;pogc before entering Pseudo Stop mode.

6.21.3.4 Freeze mode (BDM active)

For S12ZCPMU Freeze mode is the same as Run mode except for RTlI and COP which can be stopped in Active BDM mode with the
RSBCK bit in the CPMUCORP register. Additionally the COP can be forced to the maximum timeout period in Active BDM mode. For details
see the RSBCK and CR[2:0] bit description field of Table 85 in S12ZCPMU COP control register (CPMUCOP)
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6.2.1.4 S12ZCPMU block diagram
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Figure 19. Block diagram of $S12ZCPMU

Figure 20 shows a block diagram of the XOSCLCP.
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OSCMOD Clock | monitor fail
Monitor —————»
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*—>
§ 7 VSS
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T VAVAVAN ®
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[l |l
C1 lDI _ch

E VSS 5 VSS

Figure 20. XOSCLCP block diagram

6.2.1.5 Signal description

This section lists and describes the signals that connect off chip as well as internal supply nodes and special signals.

6.2.1.5.1 RESET

The RESET pin is an active-low bidirectional pin. As an input it initializes the MCU asynchronously to a known start-up state. As an
open-drain output it indicates that an MCU-internal reset has been triggered.

6.2.1.5.2 EXTAL and XTAL

These pins provide the interface for a crystal to control the internal clock generator circuitry. EXTAL is the input to the crystal oscillator
amplifier. XTAL is the output of the crystal oscillator amplifier. If XOSCLCP is enabled, the MCU internal OSCCLK is derived from the

EXTAL input frequency. If OSCE=0, the EXTAL pin is pulled down by an internal resistor of approximately 200 kQ2 and the XTAL pin is
pulled down by an internal resistor of approximately 700 kQ.

Note

NXP recommends an evaluation of the application board and chosen resonator or crystal by the
resonator or crystal supplier. The XOSCLCP is not suited for overtone resonators and crystals.

6.2.1.5.3 VDDRX, VSSRX— regulator power input pin and 5V supply pins
VDDRX is the power input of IVREG and the PAD positive supply Pin.

All currents sourced into the regulator loads flow through this pin.

The VDDRX/VSSX supply domain is monitored by the Low Voltage Reset circuit.

An off-chip decoupling capacitor (100 nF... 220 nF, X7R ceramic) between VDDRX and VSSX can further improve the quality of this
supply.
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6.2.1.5.4 VSS — core logic ground pin
VSS is the logic supply return pin. It must be grounded.

6.2.1.5.5 VDD — internal regulator output supply (core logic)

Node VDD is a device internal supply output of the voltage regulator that provides the power supply for the core logic.
This supply domain is monitored by the Low Voltage Reset circuit.

6.2.1.5.6 VDDF — internal regulator output supply (NVM logic)

Node VDDF is a device internal supply output of the voltage regulator that provides the power supply for the NVM logic.
This supply domain is monitored by the Low Voltage Reset circuit

6.2.1.5.7 API_EXTCLK — API external clock output pin

This pin provides the signal selected via APIES and is enabled with APIEA bit. See the device specification if this clock output is available
on this device and to which pin it might be connects.

6.2.1.6 Memory map and registers

This section provides a detailed description of all registers accessible in the S12ZCPMU.

6.2.1.6.1 Module memory map
The S12ZCPMU registers are shown in Table 62.

Table 62. CPMU register summary

Address Register . .
Offsot Name Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0000 CPMU
RESERVEDOO
R 0 0 0 0 0 0 0 0
0x0001 CPMU
RESERVEDO1
R 0 0 0 0 0 0 0 0
0x0002 CPMU
RESERVED02
R 0 0 0
0x0003 CPMURFLG W PORF LVRF COPRF OMRF PMRF
0x0004 cPMU R VCOFRQ[1:0] SYNDIV[5:0]
SYNR W : :
CPMU R _ 0 0 .
0x0005 REFDIV " REFFRQ[1:0] REFDIV[3:0]
CPMU R 0 0 0 ,
0x0006 POSTDIV W POSTDIV[4:0]
R 0 0 LOCK 0 UPOSC
0x0007 CPMUIFLG W RTIF LOCKIF OSCIF
R 0 0 0 0 0
0x0008 CPMUINT " RTIE LOCKIE OSCIE
R CcoP RTI COP
0x0009 CPMUCLKS W PLLSEL PSTP CSAD OSCSEL PRE PCE OSCSEL OSCSELO
= Unimplemented or Reserved
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Table 62. CPMU register summary (continued)

Address
Offset

0x000A

0x000B

0x000C

0x000D

0x000E

0x000F

0x0010

0x0011

0x0012

0x0013

0x0014

0x0015

0x0016

0x0017

0x0018

0x0019

0x001A

0x001B

0x001C

0x001D

0x001E

Register
Name

CPMUPLL

CPMURTI

CPMUCOP

RESERVED
CPMUTESTO

RESERVED
CPMUTEST1

CPMU
ARMCOP

CPMU
RESERVED10

CPMU
LVCTL

CPMU
APICTL

CPMUACLKTR

CPMUAPIRH

CPMUAPIRL

RESERVED
CPMUTEST3

CPMU
RESERVED17

CPMU
IRCTRIMH

CPMU
IRCTRIML

CPMUOSC

CPMUPROT

RESERVED
CPMUTEST2

CPMU
RESERVED1D

CPMUOSC2

=S¥ =X =ZTHXD=IH?=ZXHT=ZTHD=ZHD=ZXHD=ZTHD=ZHFD=ZXHD=ZHD=ZHXD=ZXHTD =D SZXD=ZAHVD =X =ZHVD=ZHOD =X

FUNCTIONAL DESCRIPTION AND APPLICATION INFORMATION

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0
FM1 FMO
RTDEC RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
0 0 0
WCOP RSBCK CR2 CR1 CRO
WRTMASK
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 LVDS
LVIE LVIF
0 0
APICLK APIES APIEA APIFE APIE APIF
0 0
ACLKTR5 ACLKTR4 ACLKTR3 ACLKTR2 | ACLKTR1 | ACLKTRO
APIR15 APIR14 APIR13 APIR12 APIR11 APIR10 APIR9 APIR8
APIR7 APIR6 APIR5 APIR4 APIR3 APIR2 APIR1 APIRO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0
TCTRIM[4:0] IRCTRIM[9:8]
IRCTRIM[7:0]
0 0 0 0 0 0
OSCE Reserved
0 0 0 0 0 0 0
PROT
0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0
OMRE OSCMOD
= Unimplemented or Reserved
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Table 62. CPMU register summary (continued)

Address Register

Offset Name Bit7 6 5 4 3 2 1

Bit 0

R 0 0 0 0 0 0 0
0x001F CPMU

RESERVED1F w

= Unimplemented or Reserved

6.2.1.6.2
This section describes all the S12ZCPMU registers and their individual bits.

Register descriptions

Address order is as listed in Table 62

6.2.1.6.2.1 S12ZCPMU reset flags register (CPMURFLG)
This register provides S12ZCPMU reset flags.

Table 63. S12ZCPMU flags register (CPMURFLG)
Module Base + 0x0003

6

5

PORF

LVRF

COPRF

OMRF

PMRF

Reset

(74)

(75)

(76)

(7

(78)

= Unimplemented or Reserved

Notes:

74.PORF is set to 1 when a power on reset occurs. Unaffected by System Reset.
75.LVREF is set to 1 when a low voltage reset occurs. Unaffected by System Reset. Set by power on reset.
76.COPREF is set to 1 when COP reset occurs. Unaffected by System Reset. Cleared by power on reset.
77.0MREF is set to 1 when an oscillator clock monitor reset occurs. Unaffected by System Reset. Cleared by power on reset.
78.PMREF is set to 1 when a PLL clock monitor reset occurs. Unaffected by System Reset. Cleared by power on reset.
79.Read: Anytime

Write: Refer to each bit for individual write conditions

Table 64. CPMURFLG field descriptions

Field Description
Power on Reset Flag — POREF is set to 1 when a power on reset occurs. This flag can only be cleared by writing a 1. Writing a 0 has
6 no effect.
PORF 0  Power on reset has not occurred.
1 Power on reset has occurred.
Low Voltage Reset Flag — LVRF is set to 1 when a low voltage reset occurs. This flag can only be cleared by writing a 1. Writing a 0
5 has no effect.
LVRF 0  Low voltage reset has not occurred.
1 Low voltage reset has occurred.
COP Reset Flag — COPREF is set to 1 when a COP (computer operating properly) reset occurs. Refer to Computer operating properly
3 watchdog (COP) reset and S12ZCPMU COP control register (CPMUCOP) for details. This flag can only be cleared by writing a 1. Writing
COPRF a 0 has no effect.
0  COP reset has not occurred.
1 COP reset has occurred.
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Table 64. CPMURFLG field descriptions (continued)

Field Description

Oscillator Clock Monitor Reset Flag — OMRF is set to 1 when a loss of oscillator (crystal) clock occurs and the oscillator clock monitor
reset is enabled (OMRE bit in CPMUOSC2 register). Refer to Oscillator clock monitor reset for details.This flag can only be cleared by

writing a 1. Writing a 0 has no effect.

OMRF 0 Loss of oscillator clock reset has not occurred.
1 Loss of oscillator clock reset has occurred.
PLL Clock Monitor Reset Flag — PMREF is set to 1 when a loss of oscillator (crystal) clock occurs. This flag can only be cleared by
0 writing a 1. Writing a 0 has no effect.
PMRF 0 Loss of PLL clock reset has not occurred.

1 Loss of PLL clock reset has occurred.

6.2.1.6.2.2 S12ZCPMU synthesizer register (CPMUSYNR)
The CPMUSYNR register controls the multiplication factor of the PLL and selects the VCO frequency range.

Table 65. S12ZCPMU synthesizer register (CPMUSYNR)
Module Base + 0x0004

7 6 5 4 3 2 1 0
R
W VCOFRQ[1:0] SYNDIV[5:0]
Reset 0 1 0 1 ‘ 1 0 0 0
Notes:

80.Read: Anytime
Write: If PROT=0 (CPMUPROT register) and PLLSEL=1 (CPMUCLKS register), then write anytime. Else write has no effect.

Note
Writing to this register clears the LOCK and UPOSC status bits.

If PLL has locked (LOCK=1) fVCO =2x fREFX (SYNDIV +1)

Note
fyco must be within the specified VCO frequency lock range. Bus frequency fgyg must not exceed
the specified maximum.

The VCOFRQ[1:0] bits are used to configure the VCO gain for optimal stability and lock time. For correct PLL operation the VCOFRQ[1:0]
bits have to be selected according to the actual target VCOCLK frequency as shown in Table 66. Setting the VCOFRQ[1:0] bits incorrectly
can result in a non functional PLL (no locking and/or insufficient stability).

Table 66. VCO clock frequency selection

VCOCLK frequency ranges VCOFRQ[1:0]
32 MHz < fyco < 48 MHz 00
48 MHz < fyco < 80 MHz 01
Reserved 10
80 MHz < fyco < 100 MHz 1

6.2.1.6.2.3 S12ZCPMU reference divider register (CPMUREFDIV)

The CPMUREFDIV register provides a finer granularity for the PLL multiplier steps when using the external oscillator as reference.
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Table 67. S12ZCPMU reference divider register (CPMUREFDIV)
Module Base + 0x0005

7 6 5 4 3 2 1 0
R 0 0
W REFFRQ[1:0] REFDIV[3:0]
Reset 0 0 0 0 1 1 1 1
Notes:

81.Read: Anytime
Write: If PROT=0 (CPMUPROT register) and PLLSEL=1 (CPMUCLKS register), then write anytime. Else write has no effect.

Note
Write to this register clears the LOCK and UPOSC status bits.

. ___Josc
If XOSCLCP is enabled (OSCE=1)  Jppp = (REFDIV+ 1)

If XOSCLCP is disabled (OSCE=0) TREF = JIRC1M

The REFFRQ[1:0] bits are used to configure the internal PLL filter for optimal stability and lock time. For correct PLL operation the
REFFRQ[1:0] bits have to be selected according to the actual REFCLK frequency as shown in Table 68.

If IRC1M is selected as REFCLK (OSCE=0) the PLL filter is fixed configured for the 1.0 MHz < frgg < 2.0 MHz range. The bits can still be
written but will have no effect on the PLL filter configuration.

For OSCE=1, setting the REFFRQ[1:0] bits incorrectly can result in a non functional PLL (no locking and/or insufficient stability).

Table 68. Reference clock frequency selection if XOSCLCP is enabled

REFCLK frequency ranges (OSCE=1) REFFRQ[1:0]
1.0 MHz < frgp £ 2.0 MHz 00
2.0 MHz < frgp < 6.0 MHz 01
6.0 MHz < frgp < 12 MHz 10
frer > 12 MHz 1

6.2.1.6.2.4 S12ZCPMU post divider register (CPMUPOSTDIV)
The POSTDIV register controls the frequency ratio between the VCOCLK and the PLLCLK.

Table 69. S12ZCPMU post divider register (CPMUPOSTDIV)
Module Base + 0x0006

7 6 5 4 ‘ 3 2 1 0
R 0 0 0
POSTDIV[4:0]
w
Reset 0 0 0 0 ‘ 0 0 1 1
I:l = Unimplemented or Reserved
Notes:

82.Read: Anytime
Write: If PLLSEL=1 write anytime, else write has no effect.
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| ) __ Jyco

If PLL is locked (LOCK=1) Iprr = (POSTDIV+1)
| _Jrco

If PLL is not locked (LOCK=0) fp;; = ——

If PLL i = -
is selected (PLLSEL=1) f, = >

When changing the POSTDIV[4:0] value or PLL transitions to locked stated (lock = 1), it takes up to 32 bus clock cycles until fp | is at the
desired target frequency. This is because the post divider gradually changes (increases or decreases) fp| | to avoid sudden load changes
for the on-chip voltage regulator.

6.2.1.6.2.5 S12ZCPMU Interrupt Flags Register (CPMUIFLG)
This register provides S12ZCPMU status bits and interrupt flags.

Table 70. S12ZCPMU flags register (CPMUIFLG)
Module base + 0x0007

7 6 5 4 3 2 1 0
R 0 0 LOCK 0 UPOSC
RTIF LOCKIF OSCIF
w
Reset 0 0 0 0 0 0 0 0
I:, = Unimplemented or Reserved
Notes:

83.Read: Anytime
Write: Refer to each bit for individual write conditions.

Table 71. CPMUIFLG field descriptions

Field Description

Real Time Interrupt Flag — RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing a 1. Writing a 0 has no
7 effect. If enabled (RTIE=1), RTIF causes an interrupt request.

RTIF 0  RTI timeout has not yet occurred.

1 RTI timeout has occurred.

PLL Lock Interrupt Flag — LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by writing a 1. Writing a 0
4 has no effect. If enabled (LOCKIE=1), LOCKIF causes an interrupt request.

LOCKIF 0  No change in LOCK bit.

1 LOCK bit has changed.

Lock Status Bit — LOCK reflects the current state of PLL lock condition. Writes have no effect. While PLL is unlocked (LOCK=0) fp is
fvco / 4 to protect the system from high core clock frequencies during the PLL stabilization time t; gck.
3 0VCOCLK is not within the desired tolerance of the target frequency.
LOCK fp|_|_ = fvco/4.
1 VCOCLK is within the desired tolerance of the target frequency.
fPLL = fvco/(POSTD|V+1 )

Oscillator Interrupt Flag — OSCIF is set to 1 when UPOSC status bit changes. This flag can only be cleared by writing a 1. Writing a
1 0 has no effect. If enabled (OSCIE=1), OSCIF causes an interrupt request.

OSCIF 0 No change in UPOSC bit.

1 UPOSC bit has changed.

Oscillator Status Bit — UPOSC reflects the status of the oscillator. Writes have no effect. Entering Full Stop mode UPOSC is cleared.
0  The oscillator is off or oscillation is not qualified by the PLL.

UPOSC 1 The oscillator is qualified by the PLL.
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6.2.1.6.2.6 S12ZCPMU interrupt enable register (CPMUINT)

This register enables S12ZCPMU interrupt requests.

Table 72. S12ZCPMU interrupt enable register (CPMUINT)

Module base + 0x0008
7 6 5 4 3 2 1 0
R 0 0 0 0 0
RTIE LOCKIE OSCIE
W
Reset 0 0 0 0 0 0 0 0
I:' = Unimplemented or Reserved
Notes:
84.Read: Anytime
Write: Anytime
Table 73. CPMUINT field descriptions
Field Description
7 Real Time Interrupt Enable Bit
RTIE 0 Interrupt requests from RTI are disabled.
1 Interrupt will be requested whenever RTIF is set.
4 PLL Lock Interrupt Enable Bit
LOCKIE 0  PLL LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.
1 Oscillator Corrupt Interrupt Enable Bit
OSCIE 0  Oscillator Corrupt interrupt requests are disabled.
1 Interrupt will be requested whenever OSCIF is set.
6.2.1.6.2.7 S12ZCPMU clock select register (CPMUCLKS)
This register controls S12ZCPMU clock selection.
Table 74. S12ZCPMU clock select register (CPMUCLKS)
Module Base + 0x0009
7 6 5 4 3 2 1 0
R cop RTI cop
W PLLSEL PSTP CSAD OSCSEL1 PRE PCE OSCSEL OSCSELO
Reset 1 0 0 0 0 0 0 0
I:l = Unimplemented or Reserved
Notes:

85.Read: Anytime
Write: Anytime
* Only possible if PROT=0 (CPMUPROT register) in all MCU Modes (Normal and Special mode).
+ All bits in Special mode (if PROT=0).
* PLLSEL, PSTP, PRE, PCE, RTIOSCSEL: In Normal mode (if PROT=0).
* CSAD: In Normal mode (if PROT=0) until CPMUCOP write once has taken place.
* COPOSCSELDO: In Normal mode (if PROT=0) until CPMUCOP write once has taken place.

If COPOSCSELO was cleared by UPOSC=0 (entering Full Stop mode with COPOSCSEL0=1 or insufficient OSCCLK quality), then COPOSCSELO

can be set once again.

+ COPOSCSEL1: In Normal mode (if PROT=0) until CPMUCOP write once has taken place. COPOSCSEL1 will not be cleared by UPOSC=0 (entering
Full Stop mode with COPOSCSEL1=1 or insufficient OSCCLK quality if OSCCLK is used as clock source for other clock domains: for instance core

clock etc.).
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Note
After writing CPMUCLKS register, it is strongly recommended to read back CPMUCLKS register to
make sure that write of PLLSEL, RTIOSCSEL and COPOSCSEL was successful. This is because
under certain circumstances writes have no effect or bits are automatically changed (see Table 75).

Note

When using the oscillator clock as system clock (write PLLSEL = 0) it is highly recommended to

enable the oscillator clock monitor reset feature (write OMRE = 1 in CPMUOSC?2 register). If the
oscillator monitor reset feature is disabled (OMRE = 0) and the oscillator clock is used as system
clock, the system will stall in case of loss of oscillation.

Table 75. CPMUCLKS descriptions

Field Description
PLL Select Bit
This bit selects the PLLCLK as source of the System Clocks (Core Clock and Bus Clock).
7 PLLSEL can only be set to 0, if UPOSC=1.
PLLSEL UPOSC = 0 sets the PLLSEL bit.
Entering Full Stop mode sets the PLLSEL bit.
0  System clocks are derived from OSCCLK if oscillator is up (UPOSC = 1, fgys = fosc/2).
1 System clocks are derived from PLLCLK, fgyg = fp /2.
Pseudo Stop Bit
This bit controls the functionality of the oscillator during Stop mode.
0  Oscillator is disabled in Stop mode (Full Stop mode).
6 1 Oscillator continues to run in Stop mode (Pseudo Stop mode), option to run RTI and COP.
Pseudo Stop mode allows for faster STOP recovery and reduces the mechanical stress and aging of the resonator in case of frequent
PSTP b ) ; )
STOP conditions at the expense of a slightly increased power consumption.
When starting up the external oscillator (either by programming OSCE bit to 1 or on exit from Full Stop mode with OSCE bit already 1)
the software must wait for a minimum time equivalent to the start-up time of the external oscillator t pggc before entering Pseudo Stop
mode.
COP in Stop mode ACLK Disable — This bit disables the ACLK for the COP in Stop mode. Hence the COP is static while in Stop mode
and continues to operate after exit from Stop mode.
Due to clock domain crossing synchronization there is a latency time to enter and exit Stop mode if COP clock source is ACLK and this
clock is stopped in Stop mode. This maximum latency time is 4 ACLK cycles which must be added to the Stop mode recovery time
4 tstp Rec from exit of current Stop mode to entry of next Stop mode. This latency time occurs no matter which Stop mode (Full, Pseudo)
CSAD is currently exited or entered next. After exit from Stop mode (Pseudo, Full) for 2 ACLK cycles no Stop mode request (STOP instruction)
should be generated to make sure the COP counter increments at each Stop mode exit.
This bit does not influence the ACLK for the API.
0 COP running in Stop mode (ACLK for COP enabled in Stop mode).
1 COP stopped in Stop mode (ACLK for COP disabled in Stop mode)
COP Clock Select 1 — COPOSCSELO and COPOSCSEL1 combined determine the clock source to the COP (see also Table 76).
If COPOSCSEL1 =1, COPOSCSELO has no effect regarding clock select and changing the COPOSCSELDO bit does not re-start the COP
timeout period.
4 COPOSCSEL1 selects the clock source to the COP to be either ACLK (derived from trimmable internal RC-Oscillator) or clock selected
coP via COPOSCSELO (IRCCLK or OSCCLK).
OSCSEL1 Changing the COPOSCSEL1 bit re-starts the COP timeout period.
COPOSCSEL1 can be set independent from value of UPOSC.
UPOSC = 0 does not clear the COPOSCSEL1 bit.
0  COP clock source defined by COPOSCSELO
1 COP clock source is ACLK derived from a trimmable internal RC-Oscillator
RTI Enable During Pseudo Stop Bit — PRE enables the RTI during Pseudo Stop mode.
3 0  RTI stops running during Pseudo Stop mode.
PRE 1 RTI continues running during Pseudo Stop mode if RTIOSCSEL=1.
If PRE = 0 or RTIOSCSEL = 0 then the RTI will go static while Stop mode is active. The RTI counter will not be reset.
COP Enable During Pseudo Stop Bit — PCE enables the COP during Pseudo Stop mode.
2 0  COP stops running during Pseudo Stop mode
PCE 1 COP continues running during Pseudo Stop mode if COPOSCSEL = 1

If PCE = 0 or COPOSCSEL = 0 then the COP will go static while Stop mode is active. The COP counter will not be reset.
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Table 75. CPMUCLKS descriptions (continued)

Field Description

RTI Clock Select— RTIOSCSEL selects the clock source to the RTI. Either IRCCLK or OSCCLK. Changing the RTIOSCSEL bit re-starts
the RTI timeout period.
1 RTIOSCSEL can only be set to 1, if UPOSC = 1.
RTIOSCSEL | UPOSC = 0 clears the RTIOSCSEL bit.
0 RTI clock source is IRCCLK.
1 RTI clock source is OSCCLK.

COP Clock Select 0 — COPOSCSELO and COPOSCSEL1 combined determine the clock source to the COP (see also Table 76)
If COPOSCSEL1 =1, COPOSCSELO has no effect regarding clock select and changing the COPOSCSELDO bit does not re-start the COP
timeout period.

0 When COPOSCSEL1=0,COPOSCSELDO selects the clock source to the COP to be either IRCCLK or OSCCLK. Changing the

COP COPOSCSELDO bit re-starts the COP timeout period.

OSCSELO | COPOSCSELO can only be set to 1, if UPOSC = 1.
UPOSC = 0 clears the COPOSCSELO bit.

0  COP clock source is IRCCLK.

1 COP clock source is OSCCLK

Table 76. COPOSCSEL1, COPOSCSELDO clock source

COPOSCSEL1 COPOSCSELO0 COP clock source
0 0 IRCCLK
0 1 OSCCLK
1 X ACLK

6.2.1.6.2.8 S12ZCPMU PLL control register (CPMUPLL)

This register controls the PLL functionality.

Table 77. S12ZCPMU PLL control register (CPMUPLL)

Module Base + 0x000A

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
FM1 FMO
w
Reset 0 0 0 0 0 0 0 0
Notes:

86.Read: Anytime
Write: Anytime if PROT=0 (CPMUPROT register) and PLLSEL=1 (CPMUCLKS register). Else write has no effect.

Note
Write to this register clears the LOCK and UPOSC status bits.

Note

Care should be taken to ensure that the bus frequency does not exceed the specified maximum when
frequency modulation is enabled.

Table 78. CPMUPLL field descriptions

Field Description

54 PLL Frequency Modulation Enable Bits — FM1 and FMO enable frequency modulation on the VCOCLK. This is to reduce noise
FM1, FMO | emission. The modulation frequency is f,¢s divided by 16. See Table 79 for coding.
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Table 79. FM amplitude selection

0 0 FM off
0 1 +1%
1 0 +2%
1 1 +4%

6.2.1.6.2.9 S12ZCPMU RTI control register (CPMURTI)

This register selects the timeout period for the Real Time Interrupt.

The clock source for the RTl is either IRCCLK or OSCCLK depending on the setting of the RTIOSCSEL bit. In Stop mode with PSTP=1
(Pseudo Stop mode) and RTIOSCSEL=1 the RTI continues to run, else the RTI counter halts in Stop mode.

Table 80. S12ZCPMU RTI control register (CPMURT]I)
Module Base + 0x000B

7 6 5 4 3 2 1 0
R
W RTDEC RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
Reset 0 0 0 0 0 0 0 0
Notes:

87.Read: Anytime
Write: Anytime

Note

A write to this register starts the RTI timeout period. A change of the RTIOSCSEL bit (writing a
different value or loosing UPOSC status) re-starts the RTI timeout period.

Table 81. CPMURTI field descriptions

Field Description

Decimal or Binary Divider Select Bit — RTDEC selects decimal or binary based prescaler values.

RTIZ7)EC 0  Binary based divider value. See Table 82
1 Decimal based divider value. See Table 83
RT??_[‘(;A] Real Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTl.See Table 82 and Table 83.
3-0 Real Time Interrupt Modulus Counter Select Bits — These bits select the modulus counter target value to provide additional

RTR[3:0] granularity. Table 82 and Table 83 show all possible divide values selectable by the CPMURTI register.

Table 82. RTI frequency divide rates for RTDEC = 0

RTR[6:4] =
RTR[3:0]
000 (OFF) 001 (219 010 (2') 011 (213) 100 (213) 101 (214) 110 (219) 111 (21)

0000 (+1) OFF(BS) 210 211 212 213 214 215 216
0001 (+2) OFF 2x210 2x2™ 2x212 2x213 2x214 2x215 2x216
0010 (+3) OFF 3x210 3x2M 3x212 3x21"3 3x2™4 3x215 3x216
0011 (+4) OFF 4x210 4x2™ 4x21? 4x213 4x214 4x21° 4x216
0100 (+5) OFF 5x210 5x2'1 5x212 5x213 5x214 5x215 5x216
0101 (+6) OFF 6x210 6x2" 6x212 6x21"3 6x2™4 6x21° 6x216
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Table 82. RTI frequency divide rates for RTDEC =0 (continued)

RTR[6:4] =
RTR[3:0]

000 (OFF) 001 (219 010 (2') 011 (21?) 100 (213 101 (24 110 (219) 111 (2'9)
0110 (+7) OFF 7x210 7x21" 7x212 7x213 7x2'* 7x21° 7x216
0111 (+8) OFF 8x210 8x2"" 8x212 8x213 8x21 8x21° 8x26
1000 (+9) OFF 9x210 9x21 9x212 9x213 ox2' 9x21° 9x2'6
1001 (+10) OFF 10x210 10x2"! 10x212 10x213 10x2' 10x21° 10x2'6
1010 (+11) OFF 11x210 11x2" 11x212 11x213 11x21 11x21° 11x2'6
1011 (+12) OFF 12x210 12x2" 12x212 12x213 12x21 12x21% 12x26
1100 (+13) OFF 13x210 13x2" 13x212 13x213 13x21 13x21° 13x2'6
1101 (+14) OFF 14x210 14x211 14x212 14x213 14x214 14x21° 14x216
1110 (+15) OFF 15x210 15x2"1 15x212 15x213 15x214 15x21° 15x216
1111 (+16) OFF 16x210 16x2"! 16x212 16x213 16x214 16x21° 16x2'6

Notes:
88.Denotes the default value out of reset.This value should be used to disable the RTI to ensure future backwards compatibility.

Table 83. RTI frequency divide rates for RTDEC=1

RTR[6:4] =
RTR[3:0]
000 (1x10%) | 001 (2x103) | 010 (5x10%) | 011 (10x10%) | 100 (20x103) | 101 (50x103) | 110 (100x10°) | 111 (200x10%)
0000 (1) 1x10°8 2x103 5x10% 10x103 20x103 50x103 100x103 200x103
0001 (+2) 2x103 4x10° 10x10° 20x10°8 40x10°8 100x10°% 200x10° 400x103
0010 (+3) 3x103 6x103 15x103 30x10° 60x103 150x103 300x10° 600x103
0011 (+4) 4x108 8x10° 20x103 40x103 80x10° 200x10°8 400x10°3 800x10°3
0100 (=5) 5x10% 10x103 25x103 50x103 100x103 250x10°8 500x10°3 1x108
0101 (+6) 6x10% 12x103 30x10° 60x10° 120x103 300x10° 600x103 1.2x108
0110 (+7) 7x108 14x103 35x10° 70x108 140x103 350x10°8 700x108 1.4x108
0111 (+8) 8x10° 16x103 40x103 80x10° 160x103 400x10° 800x103 1.6x108
1000 (=9) 9x10°% 18x103 45x103 90x10° 180x10° 450x10° 900x103 1.8x108
1001 (+10) 10 x10°3 20x103 50x103 100x103 200x10° 500x108 1x10° 2x108
1010 (+11) 11 x103 22x103 55x103 110x103 220x10° 550x10% 1.1x108 2.2x10°
1011 (+12) 12x10° 24x10° 60x103 120x103 240x103 600x103 1.2x10% 2.4x108
1100 (+13) 13x10° 26x10° 65x10° 130x103 260x103 650x103 1.3x10° 2.6x108
1101 (+14) 14x10° 28x10° 70x10° 140x103 280x103 700x103 1.4x10° 2.8x108
1110 (+15) 15x10° 30x10° 75x103 150x103 300x103 750x103 1.5x10° 3x108
1111 (+16) 16x10° 32x10° 80x10° 160x103 320x103 800x103 1.6x10° 3.2x108
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6.2.1.6.2.10 S12ZCPMU COP control register (CPMUCOP)

This register controls the COP (computer operating properly) watchdog.

The clock source for the COP is either ACLK, IRCCLK or OSCCLK depending on the setting of the COPOSCSELO and COPOSCSEL1
bit (see also Table 76).

In Stop Mode with PSTP=1 (Pseudo Stop mode), COPOSCSEL0=1 and COPOSCEL1=0 and PCE=1 the COP continues to run, else the
COP counter halts in Stop mode with COPOSCSEL1 =0.

In Full Stop mode and Pseudo Stop mode with COPOSCSEL1=1 the COP continues to run.

Table 84. S12ZCPMU COP control register (CPMUCOP)

Module Base + 0x000C

7 6 5 4 3 2 1 0
R 0 0 0
WCOP RSBCK CR2 CR1 CRO
w WRTMASK
Reset F 0 0 0 0 F F F

After de-assert of System Reset the values are automatically loaded from the Flash memory. See Device specification for details.

|:| = Unimplemented or Reserved
Notes:

89.Read: Anytime
Write:
1. RSBCK: Anytime in Special mode; write to “1” but not to “0” in Normal mode
2.WCOP, CR2, CR1, CRO:
— Anytime in Special mode, when WRTMASK is 0, otherwise it has no effect
— Write once in Normal mode, when WRTMASK is 0, otherwise it has no effect.
— Writing CR[2:0] to “000” has no effect, but counts for the “write once” condition.
— Writing WCOP to “0” has no effect, but counts for the “write once” condition.

When a non-zero value is loaded from Flash to CR[2:0] the COP timeout period is started.

A change of the COPOSCSELO or COPOSCSEL1 bit (writing a different value) or loosing UPOSC status while COPOSCSEL1 is clear
and COPOSCSELQO is set, re-starts the COP timeout period.

In Normal Mode the COP timeout period is restarted if either of these conditions is true:
1. Writing a non-zero value to CR[2:0] (anytime in special mode, once in normal mode) with WRTMASK = 0.
2. Writing WCORP bit (anytime in Special mode, once in Normal mode) with WRTMASK = 0.
3. Changing RSBCK bit from “0” to “1”.

In Special mode, any write access to CPMUCORP register restarts the COP timeout period.

Table 85. CPMUCORP field descriptions

Field Description

Window COP Mode Bit — When set, a write to the CPMUARMCOP register must occur in the last 25% of the selected period. A write

during the first 75% of the selected period generates a COP reset. As long as all writes occur during this window, $55 can be written as
7 often as desired. Once $AA is written after the $55, the timeout logic restarts and the user must wait until the next window before writing

WCOP to CPMUARMCOP. Table 86 shows the duration of this window for the seven available COP rates.

0  Normal COP operation

1 Window COP operation

COP and RTI Stop in Active BDM mode Bit
0  Allows the COP and RTI to keep running in Active BDM mode.
1 Stops the COP and RTI counters whenever the part is in Active BDM mode.

RSBCK
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Table 85. CPMUCOP field descriptions (continued)

Field

Description

5
WRTMASK

Write Mask for WCOP and CR[2:0] Bit — This write-only bit serves as a mask for the WCOP and CR[2:0] bits while writing the
CPMUCORP register. It is intended for BDM writing the RSBCK without changing the content of WCOP and CR[2:0].

0  Write of WCOP and CR[2:0] has an effect with this write of CPMUCOP

1 Write of WCOP and CR[2:0] has no effect with this write of CPMUCOP.

(Does not count for “write once”.)

2-0
CR[2:0]

COP Watchdog Timer Rate Select — These bits select the COP timeout rate (see Table 86 and Table 87). Writing a nonzero value to
CR[2:0] enables the COP counter and starts the timeout period. A COP counter timeout causes a System Reset. This can be avoided by
periodically (before timeout) initializing the COP counter via the CPMUARMCOP register.
While all of the following four conditions are true the CR[2:0], WCOP bits are ignored and the COP operates at highest timeout period
(224 cycles) in normal COP mode (Window COP mode disabled):

1) COP is enabled (CR[2:0] is not 000)

2) BDM mode active

3)RSBCK =0

4) Operation in Special Mode

Table 86. COP watchdog rates if COPOSCSEL1=0. (default out of reset)

COPCLK
Cycles to timeout (COPCLK is either

CR2 CR1 CRoO IRCCLK or OSCCLK depending on the
COPOSCSELO bit)
0 0 0 COP disabled
0 0 1 21
0 1 0 216
0 1 1 218
1 0 0 220
1 0 1 222
1 1 0 223
1 1 1 22

Table 87. COP watchdog rates if COPOSCSEL1=1.

COPCLK
CR2 CR1 CRO Cycles to timeout (COPCLK is ACLK
divided by 2)
0 0 0 COP disabled
0 0 1 27
0 1 0 29
0 1 1 2 M
1 0 0 213
1 0 1 21
1 1 0 216
1 1 1 217

6.2.1.6.2.11 Reserved register CPMUTESTO
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Table 88. Reserved register (CPMUTESTO0)

Module Base + 0x000D

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
I:l = Unimplemented or Reserved
Notes:

90.Read: Anytime
Write: Only in Special mode

6.2.1.6.2.12 Reserved register CPMUTEST1

Note

This reserved register is designed for factory test purposes only and is not intended for general user
access. Writing to this register when in Special Mode can alter the S12ZCPMU’s functionality.

Table 89. Reserved register (CPMUTEST1)

Module Base + 0x000E

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
I:l = Unimplemented or Reserved
Notes:

91.Read: Anytime
Write: Only in Special mode

6.2.1.6.2.13 S12ZCPMU COP timer arm/reset register (CPMUARMCOP)

This register is used to restart the COP timeout period.

Table 90. S12ZCPMU CPMUARMCORP register

Module Base + 0x000F

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0
W ARMCOP-Bit 7 | ARMCOP-Bit 6 | ARMCOP-Bit 5 | ARMCOP-Bit 4 | ARMCOP-Bit 3 | ARMCOP-Bit 2 | ARMCOP-Bit 1 | ARMCOP-Bit 0

Reset 0 0 0 0 0 0 0 0

Notes:
92.Read: Always reads $00

Write: Anytime
When the COP is disabled (CR[2:0] = “000”) writing to this register has no effect.
When the COP is enabled by setting CR[2:0] nonzero, the following applies:

Writing any value other than $55 or $AA causes a COP reset. To restart the COP timeout period write $55 followed by a write of $AA.
These writes do not need to occur back-to-back, but the sequence ($55, $AA) must be completed prior to COP end of timeout period to
avoid a COP reset. Sequences of $55 writes are allowed. When the WCOP bit is set, $55 and $AA writes must be done in the last 25%
of the selected timeout period; writing any value in the first 75% of the selected period will cause a COP reset.
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6.2.1.6.2.14 Low voltage control register (CPMULVCTL)

The CPMULVCTL register allows the configuration of the low-voltage detect features.

Table 91. Low-voltage control register (CPMULVCTL)
Module Base + 0x0011

7 6 5 4 3 2 1 0
R 0 0 0 0 0 LVDS
LVIE LVIF

W

Reset 0 0 0 0 0 U 0 U
The Reset state of LVDS and LVIF depends on the external supplied VDDRX level
I:l = Unimplemented or Reserved
Notes:

93.Read: Anytime
Write: LVIE and LVIF are write anytime, LVDS is read only

Table 92. CPMULVCTL field descriptions

Field Description
2 Low-voltage Detect Status Bit — This read-only status bit reflects the voltage level on VDDRX. Writes have no effect.
LVDS 0  Input voltage VDDA is above level V|y,p or RPM.
1 Input voltage VDDA is below level V|y,p and FPM.
1 Low-voltage Interrupt Enable Bit
LVIE 0 Interrupt request is disabled.
1 Interrupt will be requested whenever LVIF is set.
Low-voltage Interrupt Flag — LVIF is set to 1 when LVDS status bit changes. This flag can only be cleared by writing a 1. Writing a 0
0 has no effect. If enabled (LVIE = 1), LVIF causes an interrupt request.
LVIF 0  No change in LVDS bit.
1 LVDS bit has changed.

6.2.1.6.2.15 Autonomous periodical interrupt control register (CPMUAPICTL)

The CPMUAPICTL register allows the configuration of the autonomous periodical interrupt features.

Table 93. Autonomous periodical interrupt control register (CPMUAPICTL)
Module Base + 0x0012

7 6 5 4 3 2 1 0
R 0 0
W APICLK APIES APIEA APIFE APIE APIF
Reset 0 0 0 0 0 0 0 0
I:' = Unimplemented or Reserved
Notes:

94.Read: Anytime
Write: Anytime
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Table 94. CPMUAPICTL field descriptions

Field Description
Autonomous Periodical Interrupt Clock Select Bit — Selects the clock source for the API. Writable only if APIFE = 0. APICLK cannot
7 be changed if APIFE is set by the same write operation.
APICLK 0  Autonomous Clock (ACLK) used as source.
1 Bus clock used as source.
Autonomous Periodical Interrupt External Select Bit — Selects the waveform at the external pin API_EXTCLK as shown in
4 Figure 21. See device level specification for connectivity of API_EXTCLK pin.
APIES 0 If APIEA and APIFE are set, at the external pin API_EXTCLK periodic high pulses are visible at the end of every selected period
with the size of half of the minimum period (APIR=0x0000 in Table 101).
1 If APIEA and APIFE are set, at the external pin API_EXTCLK a clock is visible with two times the selected API Period.
Autonomous Periodical Interrupt External Access Enable Bit — If set, the waveform selected by bit APIES can be accessed
3 externally. See device level specification for connectivity.
APIEA 0  Waveform selected by APIES can not be accessed externally.
1 Waveform selected by APIES can be accessed externally, if APIFE is set.
2 Autonomous Periodical Interrupt Feature Enable Bit — Enables the API feature and starts the API timer when set.
APIFE 0  Autonomous periodical interrupt is disabled.
1 Autonomous periodical interrupt is enabled and timer starts running.
1 Autonomous Periodical Interrupt Enable Bit
APIE 0  APlinterrupt request is disabled.
1 APl interrupt will be requested whenever APIF is set.
Autonomous Periodical Interrupt Flag — APIF is set to 1 when the in the API configured time has elapsed. This flag can only be
0 cleared by writing a 1.Writing a 0 has no effect. If enabled (APIE = 1), APIF causes an interrupt request.
APIF 0 APl timeout has not yet occurred.
1 API timeout has occurred.

| APl min. period / 2
9 ‘_

APIES=0 —L

| API period | |

l<
<

APIES=1

| |
Figure 21. Waveform selected on API_EXTCLK pin (APIEA=1, APIFE=1)

6.2.1.6.2.16 Autonomous clock trimming register (CPMUACLKTR)

The CPMUACLKTR register configures the trimming of the Autonomous Clock (ACLK - trimmable internal RC-Oscillator) which can be
selected as clock source for some CPMU features.

Table 95. Autonomous clock trimming register (CPMUACLKTR)

Module Base + 0x0013

7 6 5 4 3 2 1 0
R 0 0
W ACLKTR5 ACLKTR4 ACLKTR3 ACLKTR2 ACLKTR1 ACLKTRO
Reset F F F F F F 0 0
After de-assert of System Reset a value is automatically loaded from the Flash memory.
Notes:

95.Read: Anytime
Write: Anytime
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Table 96. CPMUACLKTR field descriptions

Field Description

7-2 Autonomous Clock Period Trimming Bits — See Table 97 for trimming effects. The ACLKTR[5:0] value represents a signed number
ACLKTR[5:0] |influencing the ACLK period time.

Table 97. Trimming effect of ACLKTR

Bit Trimming Effect

ACLKTRI[5] | Increases period

ACLKTRI[4] | Decreases period less than ACLKTR[5] increased it
ACLKTRI[3] |Decreases period less than ACLKTR[4]

ACLKTR[2] |Decreases period less than ACLKTR[3]

ACLKTRI[1] |Decreases period less than ACLKTR[2]

ACLKTRI[0] |Decreases period less than ACLKTR[1]

6.2.1.6.2.17 Autonomous periodical interrupt rate high and low register (CPMUAPIRH /
CPMUAPIRL)

The CPMUAPIRH and CPMUAPIRL registers allow the configuration of the autonomous periodical interrupt rate.

Table 98. Autonomous periodical interrupt rate high register (CPMUAPIRH)

Module Base + 0x0014

7 6 5 4 3 2 1 0
R
W APIR15 APIR14 APIR13 APIR12 APIR11 APIR10 APIR9 APIR8
Reset 0 0 0 0 0 0 0 0

I:l = Unimplemented or Reserved

Table 99. Autonomous periodical interrupt rate low register (CPMUAPIRL)

Module Base + 0x0015

7 6 5 4 3 2 1 0
R
W APIR7 APIR6 APIR5 APIR4 APIR3 APIR2 APIR1 APIRO
Reset 0 0 0 0 0 0 0 0
Notes:

96.Read: Anytime
Write: Anytime if APIFE=0, Else writes have no effect

Table 100. CPMUAPIRH / CPMUAPIRL field descriptions

Field Description

15-0 Autonomous Periodical Interrupt Rate Bits — These bits define the timeout period of the API. See Table 101 for details of the effect
APIR[15:0] | of the autonomous periodical interrupt rate bits.

The period can be calculated as follows depending on logical value of the APICLK bit:

APICLK = 0: Period = 2*(APIR[15:0] + 1) * (ACLK Clock Period * 2)
APICLK = 1: Period = 2*(APIR[15:0] + 1) * Bus Clock Period
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Note

For APICLK bit clear the first timeout period of the API will show a latency time between two to three
facLk cycles due to synchronous clock gate release when the API feature gets enabled (APIFE bit
set).

Table 101. Selectable autonomous periodical interrupt periods

APICLK APIR[15:0] Selected Period
0 0000 0.2ms ©7)
0 0001 0.4 ms ©7)
0 0002 0.6 ms 7)
0 0003 0.8 ms 7)
0 0004 1.0 ms 1)
0 0005 1.2ms 7
o | L
0 FFFD 13106.8 ms ")
0 FFFE 13107.0 ms ©7)
0 FFFF 13107.2 ms ")
1 0000 2 * Bus Clock period
1 0001 4 * Bus Clock period
1 0002 6 * Bus Clock period
1 0003 8 * Bus Clock period
1 0004 10 * Bus Clock period
1 0005 12 * Bus Clock period
T
1 FFFD 131068 * Bus Clock period
1 FFFE 131070 * Bus Clock period
1 FFFF 131072 * Bus Clock period
Notes:

97.When fpc ¢ is trimmed to 20 kHz

6.2.1.6.2.18 Reserved register CPMUTEST3

Note

This reserved register is designed for factory test purposes only, and is not intended for general user
access. Writing to this register when in Special Mode can alter the S12ZCPMU’s functionality.

Table 102. Reserved register (CPMUTEST3)

Module Base + 0x0016

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
I:l = Unimplemented or Reserved
Notes:

98.Read: Anytime
Write: Only in Special mode
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6.2.1.6.2.19 S12ZCPMU IRC1M trim registers (CPMUIRCTRIMH / CPMUIRCTRIML)

Table 103. S12ZCPMU IRC1M trim high register (CPMUIRCTRIMH)
Module Base + 0x0018

15 14 13 12 11 10 9 8
R 0
W TCTRIM[4:0] IRCTRIM[9:8]
Reset F F F F ‘ F 0 F F

After de-assert of System Reset, a factory programmed trim value is automatically loaded from the Flash memory to provide trimmed Internal Reference
Frequency fircim_TRIM-

Table 104. S12ZCPMU IRC1M trim low register (CPMUIRCTRIML)
Module Base + 0x0019

7 6 5 4 ‘ 3 2 1 0
R
IRCTRIM[7:0]
W
Reset F F F F F F F F

After de-assert of System Reset, a factory programmed trim value is automatically loaded from the Flash memory to provide trimmed Internal Reference
Frequency fircim_TRIM-

Notes:
99.Read: Anytime
Write: if PROT = 0 (CPMUPROT register). Else write has no effect

Note
Writes to these registers while PLLSEL = 1 clears the LOCK and UPOSC status bits.

Table 105. CPMUIRCTRIMHI/L field descriptions

Field Description

IRC1M temperature coefficient Trim Bits

15-11 Trim bits for the temperature coefficient (TC) of the IRC1M frequency.
TCTRIM[4:0] | Table shows the influence of the bits TCTRIM[4:0] on the relationship between frequency and temperature. Figure 23 shows an
approximate TC variation, relative to the nominal TC of the IRC1M (i.e. for TCTRIM[4:0] = 0x00000 or 0x10000).

IRC1M Frequency Trim Bits — Trim bits for internal reference clock
After System Reset, the factory programmed trim value is automatically loaded into these registers, resulting in an internal reference
frequency firc1m_TRIM-See device electrical characteristics for the value of fircim_TRIM-

IRCTEF)\’-I(I)\/I[Q'O] The frequency trimming consists of two different trimming methods: A rough trimming controlled by bits IRCTRIM[9:6] can be done with
' frequency leaps of about 6% in average. A fine trimming controlled by bits IRCTRIM[5:0] can be done with frequency leaps of about
0.3% (this trimming determines the precision of the frequency setting of 0.15%, i.e. 0.3% is the distance between two trimming values).
Figure 22 shows the relationship between the trim bits and the resulting IRC1M frequency.
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IRC1M frequency (IRCCLK)

IRCTRIMI[9:6]
ISMHz g <

IRCTRIM][5:0] \\

1OMHz "~~~ """ttt

600 kHz

IRCTRIM[9:0] $1FF

$3FF
Figure 22. IRC1M frequency trimming diagram

frequency

A

Ox111114

0x10101
0x10100| TC increases
0x10011
0x10010
0x10001

0x00001
0x00010
0x00011
0x00100 TC decreases
0x00101

0x01111Y

|
temperature
Figure 23. Influence of TCTRIM[4:0] on the temperature coefficient

Note

The frequency is not necessarily linear with the temperature (in most cases it will not be). Figure 23
is meant only to give the direction (positive or negative) of the variation of the TC, relative to the
nominal TC.

Setting TCTRIM[4:0] at 0x00000 or 0x10000 does not mean that the temperature coefficient will be
zero. These two combinations basically switch off the TC compensation module, which results in the
nominal TC of the IRC1M.

Table 106. TC trimming of the frequency of the IRC1M at ambient temperature

TCTRIM[4:0] IRC1M Indvi;:it;\tlii ;elative TC IRC1fl\(:Iri::|:IL(;ia\:2/$ érsg:z:ni?r/‘ drift
00000 0 (nominal TC of the IRC) 0%
00001 -0.27% -0.5%
00010 -0.54% -0.9%
00011 -0.81% -1.3%
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Table 106. TC trimming of the frequency of the IRC1M at ambient temperature

TCTRIM[4:0] IRC1M Ind‘j:;g;/ii r|;e|ative TC IRC1fI\(:Iri:1;:Lctaia\:Lv$ cf:rsglrjiitni?r/] drift
00100 -1.08% -1.7%
00101 -1.35% -2.0%
00110 -1.63% -2.2%
00111 -1.9% -2.5%
01000 -2.20% -3.0%
01001 -2.47% -3.4%
01010 2.77% -3.9%
01011 -3.04 -4.3%
01100 -3.33% -4.7%
01101 -3.6% -5.1%
01110 -3.91% -5.6%
01111 -4.18% -5.9%
10000 0 (nominal TC of the IRC) 0%
10001 +0.27% +0.5%
10010 +0.54% +0.9%
10011 +0.81% +1.3%
10100 +1.07% +1.7%
10101 +1.34% +2.0%
10110 +1.59% +2.2%
10111 +1.86% +2.5%
11000 +2.11% +3.0%
11001 +2.38% +3.4%
11010 +2.62% +3.9%
11011 +2.89% +4.3%
11100 +3.12% +4.7%
11101 +3.39% +5.1%
11110 +3.62% +5.6%
11111 +3.89% +5.9%

Note

Since the IRC1M frequency is not a linear function of the temperature, but more like a parabola, the
Table 106 relative variation is only an indication and should be considered with care.

Be aware that the output frequency varies with the TC trimming. A frequency trimming correction is
therefore necessary. The values provided in Table 106 are typical values at ambient temperature
which can vary from device to device.
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6.2.1.6.2.20 S12ZCPMU oscillator register (CPMUOSC)

This registers configures the external oscillator (XOSCLCP).

Table 107. S12ZCPMU oscillator register (CPMUOSC)

Module Base + 0x001A

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
OSCE Reserved (100)
w
Reset 0 0 0 0 0 0 0 0
Notes:

100.Do not alter these bits from their reset value. These are for Manufacturer use only and can change the Oscillator and the PLL behavior.
101.Read: Anytime
Write: if PROT = 0 (CPMUPROT register) and PLLSEL=1 (CPMUCLKS register). Else write has no effect

Note
Write to this register clears the LOCK and UPOSC status bits.

Table 108. CPMUOSC field descriptions

Field Description
Oscillator Enable Bit — This bit enables the external oscillator (XOSCLCP). The UPOSC status bit in the CPMIUFLG register indicates
when the oscillation is stable and when OSCCLK can be selected as Bus Clock or source of the COP or RTI.
If the oscillator clock monitor reset is enabled (OMRE = 1in CPMUOSC2 register), then a loss of oscillation will lead to an oscillator clock
monitor reset.

0  External oscillator is disabled. REFCLK for PLL is IRCCLK.
7 1 External oscillator is enabled. REFCLK for PLL is the external oscillator clock divided by REFDIV.

OSCE If OSCE bit has been set (write “1”) the EXTAL and XTAL pins are exclusively reserved for the oscillator and they can not be used anymore
as general purpose /O until the next system reset.
When starting up the external oscillator (either by programming OSCE bit to 1 or on exit from Full Stop mode with OSCE bit already 1)
the software must wait for a minimum time equivalent to the start-up time of the external oscillator typggc before entering Pseudo Stop
mode.

ReseSrved Do not alter this bit from its reset value.lt is for Manufacturer use only and can change the Oscillator behavior.

6.2.1.6.2.21 S12ZCPMU protection register (CPMUPROT)

This register protects the clock configuration registers from accidental overwrite:
CPMUSYNR, CPMUREFDIV, CPMUCLKS, CPMUPLL, CPMUIRCTRIMH/L, CPMUOSC, and CPMUOSC2

Table 109. S12ZCPMU protection register (CPMUPROT)

Module Base + 0x001B

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0
PROT
w
Reset 0 0 0 0 0 0 0 0
Notes:

102.Read: Anytime
Write: Anytime
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Table 110. CPMUPROT field description

Field Description
Clock Configuration Registers Protection Bit - This bit protects the clock configuration registers from accidental overwrite (see list of
PROT protected registers in Table 109): Writing 0x26 to the CPMUPROT register clears the PROT bit, other write accesses set the PROT bit.

0  Protection of clock configuration registers is disabled.
1 Protection of clock configuration registers is enabled. (see list of protected registers in Table 109).

6.2.1.6.2.22 Reserved register CPMUTEST2

Note

This reserved register is designed for factory test purposes only, and is not intended for general user
access. Writing to this register when in Special mode can alter the S12ZCPMU’s functionality.

Table 111. Reserved register CPMUTEST2

Module Base + 0x001C

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
0 0
w
Reset 0 0 0 0 0 0 0 0
I:l = Unimplemented or Reserved
Notes:

103.Read: Anytime
Write: Only in Special mode

6.2.1.6.2.23 S12ZCPMU oscillator register 2 (CPMUOSC2)
This registers configures the external oscillator (XOSCLCP).

Table 112. S12ZCPMU oscillator register 2 (CPMUOSC?2)

Module Base + 0x001E

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
OMRE OSCMOD
w
Reset 0 0 0 0 0 0 0 0
Notes:

104.Read: Anytime
Write: Anytime if PROT = 0 (CPMUPROT register) and PLLSEL = 1 (CPMUCLKS register). Else write has no effect.

Table 113. CPMUOSC field descriptions

Field Description
This bit selects the mode of the external oscillator (XOSCLCP)
0 If OSCE bit in CPMUOSC register is 1, then the OSCMOD bit can not be changed (writes will have no effect).
OSCMOD 0  External oscillator configured for loop controlled mode (reduced amplitude on EXTAL and XTAL))
1 External oscillator configured for full swing mode (full swing amplitude on EXTAL and XTAL)
This bit enables the oscillator clock monitor reset. If OSCE bit in CPMUOSC register is 1, then the OMRE bit can not be changed
1 (writes will have no effect).
OMRE 0  Oscillator clock monitor reset is disabled
1 Oscillator clock monitor reset is enabled
MM9Z1_638
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6.2.1.7  Functional description

6.2.1.7.1

The PLL is used to generate a high speed PLLCLK based on a low frequency REFCLK.
The REFCLK is by default the IRCCLK which is trimmed to fircim_trRiM = 1.024 MHZ.

If using the oscillator (OSCE = 1), REFCLK will be based on OSCCLK. For increased flexibility, OSCCLK can be divided in a range of 1
to 16, to generate the reference frequency REFCLK using the REFDIV[3:0] bits. Based on the SYNDIV[5:0] bits, the PLL generates the
VCOCLK by multiplying the reference clock by a 2, 4, 6,... 126, 128. Based on the POSTDIV[4:0] bits the VCOCLK can be divided in a
range of 1,2, 3, 4, 5, 6,... to 32 to generate the PLLCLK.

Phase locked loop with internal filter (PLL)

o ~ Josc
If oscillator is enabled (OSCE=1) JREF = (REFDIV+ 1)

If oscillator is disabled (OSCE=0) TREF = TIRC1M

fVCO =2 XfREFX (SYNDIV+1)

_ ) ___Jyco

If PLL is locked (LOCK=1) Iprp = (POSTDIV + 1)
| ) _Jyco

If PLL is not locked (LOCK=0) fp;; = 7
_ ) JpLL

If PLL is selected (PLLSEL=1) f; = >

Note
Although it is possible to set the dividers to command a very high clock frequency, do not exceed the
specified bus frequency limit for the MCU.
Several examples of PLL divider settings are shown in Table 114. The following rules help to achieve optimum stability and shortest lock
time:
+ Use lowest possible fycq / frer ratio (SYNDIV value).
+ Use highest possible REFCLK frequency frer.

Table 114. Examples of PLL divider settings

fosc REFDIV[3:0] frRer REFFRQ[1:0] | SYNDIV[5:0] fvco VCOFRQ[1:0] POSTDIV[4:0] fpLL fous

off $00 1.0 MHz 00 $18 50 MHz 01 $03 12.5 MHz 6.25 MHz

off $00 1.0 MHz 00 $18 50 MHz 01 $00 50 MHz 25 MHz
4MHz $00 4.0 MHz 01 $05 48 MHz 00 $00 48 MHz 24 MHz

The phase detector inside the PLL compares the feedback clock (FBCLK = VCOCLK/(SYNDIV+1)) with the reference clock (REFCLK =
(IRC1M or OSCCLK)/(REFDIV+1)). Correction pulses are generated based on the phase difference between the two signals. The loop
filter alters the DC voltage on the internal filter capacitor, based on the width and direction of the correction pulse which leads to a higher
or lower VCO frequency.

The user must select the range of the REFCLK frequency (REFFRQ[1:0] bits) and the range of the VCOCLK frequency (VCOFRQ[1:0]
bits) to ensure that the correct PLL loop bandwidth is set.

The lock detector compares the frequencies of the FBCLK and the REFCLK. Therefore the speed of the lock detector is directly
proportional to the reference clock frequency. The circuit determines the lock condition based on this comparison.

If PLL LOCK interrupt requests are enabled, the software can wait for an interrupt request and for instance check the LOCK bit. If interrupt
requests are disabled, software can poll the LOCK bit continuously (during PLL start-up) or at periodic intervals. In either case, only when
the LOCK bit is set, the VCOCLK will have stabilized to the programmed frequency.

» The LOCK bit is a read-only indicator of the locked state of the PLL.
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* The LOCK bit is set when the VCO frequency is within the tolerance, A ock, and is cleared when the VCO frequency is out of the
tolerance, AynL-
* Interrupt requests can occur if enabled (LOCKIE = 1) when the lock condition changes, toggling the LOCK bit.

6.2.1.7.2 Startup from reset

An example for startup of the clock system from Reset is given in Figure 24.

System |
Reset
I fPLLR-’SG: cycles F——» fp increasing > fpu=125MHz | fp =25 MHz
PLLCLK [ | ([ L[ L [ 1 LU LU Ly UuuiuuuyL
I I
LOCK | i t|0(:k §| f
I I
I I
SYNDIV | ($18 (default target fyco=50 MHz) /
| | /
POSTDIVI$03 (default targét fp  =fyco/4 = 12.5 MHz) X $01
I I A
CPU :X reset state XX vector fetch, program execution e Shange

Figure 24. Startup of clock system after reset

6.2.1.7.3 Stop mode using PLLCLK as bus clock

An example of what happens going into Stop mode and exiting Stop mode after an interrupt is shown in Figure 25. Disable PLL Lock
interrupt (LOCKIE=0) before going into Stop mode.

wake up ?

CPU execution XSTOP instruction X interrupt X continue execution

—tsTp_REC>

PLLCLK (UL ]

I tiock >

>,
>

LOCK I

Figure 25. Stop mode using PLLCLK as bus clock

Depending on the COP configuration, there might be an additional significant latency time until COP is active again after exit from Stop
mode due to clock domain crossing synchronization. This latency time of 2 ACLK cycles occurs if the COP clock source is ACLK and the
CSAD bit is set and must be added to the device Stop mode recovery time tgtp rec. After exit from Stop mode (Pseudo, Full) for this
latency time of 2 ACLK cycles, no Stop mode request (STOP instruction) should be generated to make sure the COP counter can
increment at each Stop mode exit.

6.21.7.4 Full stop mode using oscillator clock as bus clock

An example of what happens going into Full Stop mode and exiting Full Stop mode after an interrupt is shown in Figure 26.
Disable PLL Lock interrupt (LOCKIE=0) and oscillator status change interrupt (OSCIE=0) before going into Full Stop mode.
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wake-up ?

CPU _execution _ )STOP instruction Y interrupt ) continue execution

Core

Clock mEmEE l—tSTP_REc»|—||—||—||—||—||—||—||—||—||—||—||—||—”—||—|,—| =
litlock—>

PLLCLK (U MU L U L U UUUUUUUUU U UL
OSCCLK
UPOSC

select OSCCLK as Core/Bus Clock by writing PLLSEL to “0”

PLLSEL

lﬂ automatically set when going into Full Stop mode

Figure 26. Full stop mode using oscillator clock as bus clock

Depending on the COP configuration, there might be a significant latency time until COP is active again after exit from Stop mode due to
clock domain crossing synchronization. This latency time of 2 ACLK cycles occurs if COP clock source is ACLK and the CSAD bit is set
and must be added to the device Stop mode recovery time tstp rec. After exit from Stop mode (Pseudo, Full) for this latency time of 2
ACLK cycles, no Stop mode request (STOP instruction) should be generated to make sure the COP counter can increment at each Stop
mode exit.

6.2.1.7.5 External oscillator

6.2.1.7.5.1 Enabling the external oscillator

An example of how to use the oscillator as Bus Clock is shown in Figure 27.

enable external oscillator by writing OSCE bit to one.

OSCE __|

crystal/resonator starts oscillating
EXTAL

UPOSC flag is set upon successful start of oscillation

UPOSC |

OSCCLK [ A 6 I
select OSCCLI%as Core/Bus Clock by writing PLLSEL to zero

PLLSEL

Core T based on PLL Clock >| based on OSCCLK - >

o T o I I A o

Figure 27. Enabling the external oscillator
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6.2.1.7.6 System clock configurations

6.2.1.7.6.1 PLL engaged internal mode (PEI)

This mode is the default mode after system reset or Power-On reset.

The bus clock is based on the PLLCLK, the reference clock for the PLL is internally generated (IRC1M). The PLL is configured to 50 MHz
VCOCLK with POSTDIV set to 0x03. If locked (LOCK=1). This results in a PLLCLK of 12.5 MHz and a bus clock of 6.25 MHz. The PLL
can be re-configured to other bus frequencies. The clock sources for COP and RTI can be based on the internal reference clock generator
(IRC1M) or the RC-oscillator (ACLK).

6.2.1.7.6.2 PLL engaged external mode (PEE)

In this mode, the bus clock is based on the PLLCLK as well (like PEI). The reference clock for the PLL is based on the external oscillator.

The clock sources for COP and RTI can be based on the internal reference clock generator or on the external oscillator clock or the
RC-Oscillator (ACLK).

This mode can be entered from default mode PEI by performing the following steps:

Configure the PLL for desired bus frequency.

Enable the external Oscillator (OSCE bit).

Wait for oscillator to start-up and the PLL being locked (LOCK = 1) and (UPOSC =1).

Clear all flags in the CPMUIFLG register to be able to detect any future status bit change.

5. Optionally status interrupts can be enabled (CPMUINT register).

robd =

Loosing PLL lock status (LOCK=0) means loosing the oscillator status information as well (UPOSC=0).
The impact of loosing the oscillator status (UPOSC=0) in PEE mode is as follows:
» The PLLCLK is derived from the VCO clock (with its actual frequency) divided by four until the PLL locks again.

Application software needs to be prepared to deal with the impact of loosing the oscillator status at any time.

6.2.1.7.6.3 PLL bypassed external mode (PBE)

In this mode, the bus clock is based on the external oscillator clock. The reference clock for the PLL is based on the external oscillator.

The clock sources for COP and RTI can be based on the internal reference clock generator or on the external oscillator clock or the
RC-Oscillator (ACLK).

This mode can be entered from default mode PEI by performing the following steps:

Make sure the PLL configuration is valid.

Enable the external oscillator (OSCE bit)

Wait for the oscillator to start-up and the PLL being locked (LOCK = 1) and (UPOSC = 1)
Clear all flags in the CPMUIFLG register to be able to detect any status bit change.
Optionally status interrupts can be enabled (CPMUINT register).

6. Select the oscillator clock as bus clock (PLLSEL=0)

Loosing PLL lock status (LOCK=0) means loosing the oscillator status information as well (UPOSC=0).

akroDdN -~

The impact of loosing the oscillator status (UPOSC=0) in PBE mode is as follows:
» PLLSEL is set automatically and the bus clock is switched back to the PLL clock.
» The PLLCLK is derived from the VCO clock (with its actual frequency) divided by four until the PLL locks again.

Application software needs to be prepared to deal with the impact of loosing the oscillator status at any time.

6.2.1.8 Resets

6.2.1.8.1 General

All reset sources are listed in Table 115. There is only one reset vector for all these reset sources. Refer to MCU specification for reset
vector address.
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Table 115. Reset summary

Reset Source Local Enable
Power-On Reset (POR) None
Low-voltage Reset (LVR) None

External pin RESET None
PLL Clock Monitor Reset None

OSCE Bit in CPMUOSC register and OMRE Bit in
CPMUOSC2 register

COP Reset CRJ[2:0] in CPMUCORP register

Oscillator Clock Monitor Reset

6.2.1.8.2 Description of reset operation

Detection of any reset of an internal circuit drives the RESET pin low for 512 PLLCLK cycles. After 512 PLLCLK cycles, the RESET pin
is released. The internal reset of the MCU remains asserted while the reset generator completes the 768 PLLCLK cycles long reset
sequence. In case the RESET pin is externally driven low for more than these 768 PLLCLK cycles (External Reset), the internal reset
remains asserted longer.

Note
While System Reset is asserted the PLLCLK runs with the frequency fycorsT

RESET

. S12_CPMU drives  |S12 _CPMUreleases .
. RESET pin low 'RESET pin - -
' fVCORST : fVCORST

512 cycles 256 cycles

" possibly
RESET driven low
externally

Figure 28. RESET timing

6.2.1.8.3 Oscillator clock monitor reset

If the external oscillator is enabled (OSCE=1) and the oscillator clock monitor reset is enabled (OMRE=1), then in case of loss of oscillation
or the oscillator frequency drops below the failure assert frequency foyea (see device electrical characteristics for values), the S12ZCPMU
generates an Oscillator Clock Monitor Reset. In Full Stop mode the external oscillator and the oscillator clock monitor reset are both
disabled.

In case of loss of PLL clock oscillation or the PLL clock frequency is below the failure assert frequency fp)pa (See device electrical
characteristics for values), the S12ZCPMU generates a PLL Clock Monitor Reset. In Full Stop mode the PLL and the PLL clock monitor
are disabled.
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6.2.1.8.4 Computer operating properly watchdog (COP) reset

The COP (free running watchdog timer) enables the user to check that a program is running and sequencing properly. When the COP is
being used, software is responsible for keeping the COP from timing out. If the COP times out, it is an indication that the software is no
longer being executed in the intended sequence; thus COP reset is generated.

The clock source for the COP is either ACLK, IRCCLK or OSCCLK depending on the setting of the COPOSCSELO and COPOSCSEL1 bit.
Due to clock domain crossing synchronization there is a latency time to enter and exit Stop mode if the COP clock source is ACLK and

this clock is stopped in Stop mode. This maximum total latency time is 4 ACLK cycles (2 ACLK cycles for Stop mode entry and exit each)
which must be added to the Stop mode recovery time tgtp rgc from exit of current Stop mode to entry of next Stop mode. This latency

time occurs no matter which Stop mode (Full, Pseudo) is currently exited or entered next.

After exit from Stop mode (Pseudo, Full) for this latency time of 2 ACLK cycles no Stop mode request (STOP instruction) should be
generated to make sure the COP counter can increment at each Stop mode exit.

Table 116 gives an overview of the COP condition (run, static) in Stop mode depending on legal configuration and status bit settings:

Table 116. COP condition (run, static) in stop mode

COPOSCSEL1 | CSAD | PSTP | PCE | COPOSCSELO OSCE uPOSC cop °°““tf:|:z:as‘23:ci:) stop mode

1 0 X X X X X Run (ACLK)

1 1 X X X X X Static (ACLK)

0 x 1 1 1 1 1 Run (OSCCLK)
0 x 1 1 0 0 x Static (IRCCLK)
0 x 1 1 0 1 x Static (IRCCLK)
0 X 1 0 0 X X Static (IRCCLK)
0 x 1 0 1 1 1 Static (OSCCLK)
0 x 0 1 1 1 1 Static (OSCCLK)
0 x 0 1 0 1 x Static (IRCCLK)
0 x 0 1 0 0 0 Static (IRCCLK)
0 x 0 0 1 1 1 Static (OSCCLK)
0 x 0 0 0 1 1 Static (IRCCLK)
0 x 0 0 0 1 0 Static (IRCCLK)
0 x 0 0 0 0 Static (IRCCLK)

Three control bits in the CPMUCOP register allow selection of seven COP timeout periods.

When COP is enabled, the program must write $55 and $AA (in this order) to the CPMUARMCOP register during the selected timeout
period. Once this is done, the COP timeout period is restarted. If the program fails to do this and the COP times out, a COP reset is
generated. Also, if any value other than $55 or $AA is written, a COP reset is generated.

Windowed COP operation is enabled by setting WCOP in the CPMUCOP register. In this mode, writes to the CPMUARMCORP register to
clear the COP timer must occur in the last 25% of the selected timeout period. A premature write will immediately reset the part.

In MCU Normal mode, the COP timeout period (CR[2:0]) and COP window (WCOP) setting can be automatically pre-loaded at reset
release from NVM memory (if values are defined in the NVM by the application). By default, the COP is off and no window COP feature
is enabled after reset release via NVM memory. The COP control register CPMUCOP can be written once in an application in MCU Normal
mode to update the COP timeout period (CR[2:0]) and COP window (WCOP) setting loaded from NVM memory at reset release. Any
value for the new COP timeout period and COP window setting is allowed except COP off value, if the COP was enabled during pre-load
via NVM memory.

The COP clock source select bits can not be pre-loaded via NVM memory at reset release. The IRC clock is the default COP clock source
out of reset.

The COP clock source select bits (COPOSCSELO0/1) and ACLK clock control bit in Stop mode (CSAD) can be modified until the
CPMUCORP register write once has taken place. Therefore these control bits should be modified before the final COP timeout period and
window COP setting is written.

The CPMUCORP register access to modify the COP timeout period and window COP setting in MCU Normal mode after reset release must
be done with the WRTMASK bit cleared, otherwise the update is ignored and this access does not count as the write once.
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6.2.1.8.5 Power-on reset (POR)

The on-chip POR circuitry detects when the internal supply Vpp drops below an appropriate voltage level. The POR is deasserted, if the
internal supply Vpp exceeds an appropriate voltage level (voltage levels not specified, because the internal supply can not be monitored
externally. The POR circuitry is always active. It acts as LVR in Stop mode.

6.2.1.8.6 Low-voltage reset (LVR)

The on-chip LVR circuitry detects when one of the supply voltages VDD, VDDRX, and VDDF drops below an appropriate voltage level. If
LVR is deasserted, the MCU is fully operational at the specified maximum speed. The LVR assert and deassert levels for the su