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Xtrinsic Battery Sensor with
LIN for 12 V Lead-acid MM912_637
Batteries

Freescale's Xtrinsic MM912_637 battery sensors are fully
integrated battery monitoring devices. The devices allow
simultaneous measurement of battery current and voltage for
precise determination of SOC (State of Charge), SOH (State of
Health), and other parameters.

EP SUFFIX (PB-FREE)
98ASA00343D
48-PIN QFN

The integrated temperature sensor combined with the close proximity to the battery allows battery temperature measurement.
Multiple application-specific hardware blocks reduce MCU overhead and related power consumption. Configurable low-power
modes with automated battery state observation and sophisticated wake-up capability further reduce current consumption. The
integrated LIN 2.1 interface allows communication and control of battery monitoring functions.

Features

« Battery voltage measurement « Communication via a LIN 2.1, LIN2.0 bus interface

« Battery current measurement in up to eight ranges * S12 microcontroller with 128 kByte flash, 6.0 kByte RAM,

¢ On chip temperature measurement 4.0 kByte data flash

« Normal and two low-power modes » Background debug module

« Current threshold detection and current averaging in » External temperature sensor option (TSUP, VTEMP)
standby => wake-up from low-power mode » Optional 2nd external voltage sense input (VOPT)

« Triggered wake-up from LIN and periodic wake-up » Four x 5.0 V GPIO including one Wake-up capable high

« Signal low pass filtering (current, voltage) voltage input (PTB3/LO)

¢ PGA (programmable low-noise gain amplifier) with » Eightx MCU general purpose I/O including SPI functionality
automatic gain control feature * Industry standard EMC compliance

« Accurate internal oscillator (an external quartz oscillator
may be used for extended accuracy)
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Figure 1. Simplified Applicatioa Diagram
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Ordering Information

1 Ordering Information

Table 1. Ordering Information

Device i
(Add an R2 suffix for Tape and | Temperature Range (Tp) Package Max\l/n;IL:;n Ienput Analog Option Flash (kB)
Reel orders) 9
MM9121637AM2EP 96
-40 °C to 125 °C 2
MM9123637AM2EP 128
48 QFN-EP 42V
MM912I637AV1EP 96
-40 °C to 105 °C 1
MM912J637AV1EP 128
Table 2. Analog Options
Feature Analog Option 1 Analog Option 2
Cranking Mode Not Characterized or Tested Fully Characterized and Tested
External Wake-up (PTB3/LO) No Yes
External Temperature Sensor Option (VTEMP) No Yes
Optional 2nd External Voltage Sense Input (VOPT) No Yes

2 Part Identification

This section provides an explanation of the part numbers and their alpha numeric breakdown.

2.1  Description

Part numbers for the chips have fields that identify the specific part configuration. You can use the values of these fields to
determine the specific part you have received.

2.2 Format and Examples

Part numbers for a given device have the following format, followed by a device example:
Table 3 _ Part Numbering - Analog EMBEDDED MCU + POWER.

MM 9 cc f xxx r v PPP RR - MM9121637AM2EP

2.3 Fields

These tables list the possible values for each field in the part number (not all combinations are valid).
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Table 3. Part Numbering - Analog EMBEDDED MCU + POWER

Part Identification

FIELD DESCRIPTION VALUES
MM- Qualified Standard
MM Product Category SM- Custom Device
PM- Prototype Device
9 = Flash, OTP
9 Memory Type Blank = ROM
. 08 = HC08
cc Micro Core 12 = HC12
Alk
B2k
C4k
D8k
. E 16 k
f Memory Size F 32K
G 48k
H 64 k
196 k
J 128 k
XXX Analog Core/Target Assigned by Marketing
r Revision (default A)
I=0°Cto85°C
C=-40°Cto85°C
t Temperature Range V = -40 °C to 105 °C
M =-40°Cto 125 °C
v Variation (default blank)
PPP Package Designator Assigned by Packaging
RR Tape and Reel Indicator
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Figure 3. MM912_637 Pin Connections

MM912 637 Pin Description

PTB3/L0

VOPT

VSENSE

ADCGND

ISENSEH

ISENSEL

GNDSUB

TSUP

VTEMP

AGND

VDDA

NC

Pin Assignment

The following table gives a brief description of all available pins on the MM912_637 device. Refer to the highlighted chapter for

detailed information

Table 4. MM912_637 Pin Description

Pin # Pin Name Formal Name Description
1 PAG MCU PA6 General purpose port A input or output pin 6. See Section 5.16, “MCU - Port
Integration Module (9S121128PIMV1)".
MCU Oscillator EXTAL in one of the optional crystal/resonator drivers and external clock pins, and
2 PEO/EXTAL the PEO port may be used as a general purpose I/0. On reset, all the device
clocks are derived from the internal reference clock. See Section 5.22, “S12
Clock, Reset, and Power Management Unit (S12CPMU)".

MM912_637, Rev. 3.0
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Pin Assignment

Table 4. MM912_637 Pin Description

Pin # Pin Name Formal Name Description
MCU Oscillator XTAL is one of the optional crystal/resonator drivers and external clock pins, and
3 PEL/XTAL the PE1 port may be used as a general purpose I/O. On reset all the device clocks
are derived from the internal reference clock. See Section 5.22, “S12 Clock,
Reset, and Power Management Unit (S12CPMU)".
4 TEST MCU Test This input only pin is reserved for test. This pin has a pull-down device. The TEST
pin must be tied to VSSRX in user mode.
5 PAS MCU PA5 General purpose port A input or output pin 5. See Section 5.16, “MCU - Port
Integration Module (9S121128PIMV1)".
6 PA4 MCU PA4 General purpose port A input or output pin 4. See Section 5.16, “MCU - Port
Integration Module (9S121128PIMV1)".
MCU PA3/SS General purpose port A input or output pin 3, shared with the sSsS signal of the
7 PA3 integrated SPI interface. See Section 5.16, “MCU - Port Integration Module
(9S121128PIMV1)".
MCU PA2 / SCK General purpose port A input or output pin 2, shared with the SCLK signal of the
8 PA2 integrated SPI interface. See Section 5.16, “MCU - Port Integration Module
(9S121128PIMV1)".
MCU PA1 / MOSI General purpose port A input or output pin 1, shared with the MOSI signal of the
9 PA1 integrated SPI interface. See Section 5.16, “MCU - Port Integration Module
(9S121128PIMV1)".
MCU PAO / MISO General purpose port A input or output pin 0, shared with the MISO signal of the
10 PAO integrated SPI interface. See Section 5.16, “MCU - Port Integration Module
(9S121128PIMV1)".
11 VSSRX MCU 5.0 V Ground External ground for the MCU - VDDRX return path.
MCU 5.0 V Supply 5.0 V MCU power supply. MCU core- (internal 1.8 V regulator) and flash (internal
12 VDDRX
2.7 V regulator) supply.
13 VSSD2D MCU 2.5 V Ground External ground for the MCU - VDDD2D return path.
14 VDDD2D MCU 2.5V Supply 2.5V MCU power supply. Die to die buffer supply.
15 NC Not connected This pin must be grounded in the application.
16 GNDSUB Substrate Ground Substrate ground connection to improve EMC behavior.
17 VDDX Voltage Regulator Output 5.0 V main voltage regulator output pin. An external capacitor (Cyppx) is needed.
50V See Section 5.2, “Analog Die - Power, Clock and Resets - PCR".
18 DGND Digital Ground This pin is the device digital ground connection. See Section 5.2, “Analog Die -
Power, Clock and Resets - PCR".
Voltage Regulator Output 2.5V high power main voltage regulator output pin to be connected with the
19 VDDH 25V VDDD2D MCU pin. An external capacitor (Cyppp) is heeded. See Section 5.2,
“Analog Die - Power, Clock and Resets - PCR".
20 GNDSUB Substrate Ground Substrate ground connection to improve EMC behavior.
21 VSUP Power Supply This pin is the device power supply pin. A reverse battery protection diode is
required. See Section 5.2, “Analog Die - Power, Clock and Resets - PCR".
LIN Bus I/O This pin represents the single-wire bus transmitter and receiver. See
22 LIN ) "
Section 5.11, “LIN".
23 LGND LIN Ground Pin This pin is the device LIN ground connection. See Section 5.2, “Analog Die -
Power, Clock and Resets - PCR".
24 NC Not connected (reserved) This pin must be grounded in the application.
25 NC Not connected This pin must be grounded in the application.
Analog Voltage Regulator Low power analog voltage regulator output pin, permanently supplies the analog
26 VDDA Output front end. An external capacitor (Cyppp) is needed. See Section 5.2, “Analog Die
- Power, Clock and Resets - PCR".
27 AGND Analog Ground This pin is the device analog voltage regulator and LP oscillator ground
connection. See Section 5.2, “Analog Die - Power, Clock and Resets - PCR".
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Pin Assignment

Table 4. MM912_637 Pin Description

Pin #

Pin Name

Formal Name

Description

28

VTEMP

Temperature Sensor Input

External temperature sensor input. See Section 5.6, “Temperature Measurement
- TSENSE".

29

TSUP

Temperature Sensor Supply
Output

Supply for the external temperature sensor. TSUP frequency compensation
option to allow capacitor CTSUP. See Section 5.6, “Temperature Measurement -
TSENSE".

30

GNDSUB

Substrate Ground

Substrate ground connection to improve EMC behavior.

31

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. See Section 5.4, “Current
Measurement - ISENSE".

32

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. See Section 5.4, “Current
Measurement - ISENSE".

33

ADCGND

Analog Digital Converter
Ground

Analog digital converter ground connection. See Section 5.2, “Analog Die -
Power, Clock and Resets - PCR".

34

VSENSE

Voltage Sense

Precision battery voltage measurement input. This pin can be connected directly
to the 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 (Rysensg) is needed for
protection. See Section 5.5, “Voltage Measurement - VSENSE".

35

VOPT

Optional Voltage Sense

Optional voltage measurement input. See Section 5.5, “Voltage Measurement -
VSENSE".

36

PTB3 /L0

General Purpose Input 3 -
High Voltage Input 0

This is the high voltage general purpose input pin 3, based on VDDX with the
following shared functions:

« Internal clamping structure to operate as a high voltage input (L0). When used
as high voltage input, a series resistor (RLO) and capacitor to GND (C, ) must
be used to protect against automotive transients, when used to connect
outside the PCB.

« 5.0 V (VDDX) digital port input

« Selectable internal pull-down resistor

» Selectable wake-up input during low power mode.

« Selectable timer channel input

« Selectable connection to the LIN / SCI (Input only)

See Section 5.10, “General Purpose I/O - GPIO".

37

PTB2

General Purpose I/0 2

This is the general purpose I/O pin 2 based on VDDX with the following shared
functions:

« Bidirectional 5.0 V (VDDX) digital port /0O

« Selectable internal pull-up resistor

¢ Selectable timer channel input/output

« Selectable connection to the LIN / SCI

See Section 5.10, “General Purpose 1/0 - GPIO".

38

PTB1

General Purpose /0 1

This is the general purpose 1/0O pin 1, based on VDDX with the following shared
functions:

« Bidirectional 5.0 V (VDDX) digital port /0O

« Selectable internal pull-up resistor

¢ Selectable timer channel input/output

» Selectable connection to the LIN / SCI

See Section 5.10, “General Purpose 1/0O - GPIO".

39

PTBO

General Purpose /0 0

This is the general purpose 1/O pin 0 based on VDDX with the following shared
functions:

« Bidirectional 5.0 V (VDDX) digital port /0O

» Selectable internal pull-up resistor

« Selectable timer channel input/output

» Selectable connection to the LIN / SCI

See Section 5.10, “General Purpose I/O - GPIO".

MM912_637, Rev. 3.0
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Pin Assignment

Table 4. MM912_637 Pin Description

Pin # Pin Name Formal Name Description
40 TCLK Test Clock Input Test mode clock input pin for Test mode only. This pin must be grounded in user
mode.
41 GNDSUB Substrate Ground Substrate ground connection to improve EMC behavior.
42 VDDL Low Power Voltage 2.5V low power voltage regulator output pin. See Section 5.2, “Analog Die -
Regulator Output Power, Clock and Resets - PCR".
43 TEST A Test Mode Analog die Test mode pin for Test mode only. This pin must be grounded in user
- mode.
a4 DGND Digital Ground This pin is the device digital ground connection. See Section 5.2, “Analog Die -
Power, Clock and Resets - PCR".
5 RESET A Reset 1/0 Reset output pin of the analog die. Active low signal with internal pull-up. Vppx
- based. See Section 5.2, “Analog Die - Power, Clock and Resets - PCR".
16 RESET MCU Reset Bidirectional reset I/O pin of the MCU die. Active low signal with internal pull-up.
Vpprx based. See Section 5.2, “Analog Die - Power, Clock and Resets - PCR".
MCU Background Debug The BKGD/MODC pin is used as a pseudo-open-drain pin for the background
and Mode debug communication. It is used as an MCU operating mode select pin during
47 BKGD reset. The state of this pin is latched to the MODC bit at the rising edge of RESET.
The BKGD pin has a pull-up device. See Section 5.19, “MCU - Debug Module
(S12SDBG)".
48 PA7 MCU PA7 General purpose port A input or output pin 7. See Section 5.16, “MCU - Port

Integration Module (9S121128PIMV1)".

MM912_637, Rev. 3.0
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Pin Assignment
3.2 Recommended External Components
Figure 4 and Table 5 list the required / recommended / optional external components for the application.

Battery
Plus Pole

&

[
Rvopt Rysense Cumar
Battery
Minus Pole
— w o VDDL ——
o 0 2
Q & @ VDDD2D
[
R > VDDH
ISENSEL
ISENSEL VDDRX
CISENSEL
— VDDX
Rstunr Rismec Cisensert T Cunx
] ISENSEH DGND Cuoon
—_— _'—_ Cisensen VSSD2D
Chassis VSSRX i
Ground
viemp —_ F——
RVTEMP
LIN LIN . TSUP >
i
z VDDA
Cun —— o oo o & ﬁ_ Cvoor  — Crswp
g —_—
E LGND 2338 8 AGND
2222¢
— ] PTB3/L0 © O & O 0 ADCGND 1
RLO
T —
Note: Module GND connected to Battery Minus or Chassis Ground— based on configuration.
Figure 4. Required / Recommended External Components
Table 5. Required / Recommended External Components
Name Description Value Connection Comment
D, Reverse Battery Diode n.a. VSUP-VBAT
CyeaT Battery Blocking Capacitor 4.7 pF/100 nF VSUP-GND Ceramic
Rysense VSENSE Current Limitation 2.2 kQ VSENSE-VBAT
RvopT VOPT Current Limitation 2.2kQ VOPT-signal optional™®
RsHuNT Current Shunt Resistor 100 pQ ISENSEH-ISENSEL
RisenseL EMC Resistor 500 Q max select for best EMC
performance
Risensen EMC Resistor 500 Q max select for best EMC
performance
CisENnSEL EMC Capacitor TBD select for best EMC
performance
ClSENSEHL EMC Capacitor TBD select for best EMC
performance
C|SENSEH EMC Capacitor TBD select for best EMC
performance

MM912_637, Rev. 3.0
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Pin Assignment

Table 5. Required / Recommended External Components

Name Description Value Connection Comment

CvDDH Blocking Capacitor 1.0 pF VDDH-GND

Cvppx Blocking Capacitor 220 nF VDDX-GND

Cvppa Blocking Capacitor 47 nF VDDA-GND

CvppL Blocking Capacitor n.a. VDDL-GND not required
Cun LIN Bus Filter n.a. LIN-LGND not required
Rio PTB3 / LO Current Limitation 47 kQ LO
CLo PTB3/ L0 ESD Protection 47 nF LO-GND

Crsup Blocking Capacitor 220 pF TSUP-GND not required®

Rytemp VTEMP Current Limitation 20 kQ VTEMP-signal optional®

Notes

1.Required if extended EMC protection is needed

2.If an external temperature sensor is used, EMC compliance may require the addition of CTSUP. In this case the ECAP bit must be set to

ensure the stability of the TSUP power supply circuit. See Section 5.6.1.2, “Block Diagram".

3.3 Pin Structure

Table 6 documents the individual pin characteristic.

Table 6. Pin Type / Structure

Pin # Pin Name P'?r:tle:runna:t\i/oen gL?p\:\;)eI;/ Structure
1 PAG6 n.a. VDDRX n.a.
2 PEO EXTAL VDDRX PUPEE / OSCPINS_EN
3 PE1 XTAL VDDRX PUPEE / OSCPINS_EN
4 TEST n.a. n.a. n.a.
5 PAS n.a. VDDRX n.a.
6 PA4 n.a. VDDRX n.a.
7 PA3 SS VDDRX n.a.
8 PA2 SCK VDDRX n.a.
9 PAL MOSI VDDRX n.a.
10 PAO MISO VDDRX n.a.
11 VSSRX n.a. GND
12 VDDRX n.a.
13 VSSD2D n.a. GND
14 vVDDD2D n.a.
15 NC n.a.
16 GNDSUB n.a. GND
17 VDDX n.a. VDDX
18 DGND n.a. GND B2B-Diode to GNDSUB
19 VDDH n.a. VDDH Negative Clamp Diode, Dynamic ESD (transient protection)
20 GNDSUB n.a. GND GNDSUB
21 VSUP n.a. VSUP Negative Clamp Diode, >42 V ESD
22 LIN n.a. VSUP No Negative Clamping Diode (-40 V), >42 V ESD
23 LGND n.a. GND B2B-Diode to GNDSUB

MM912_637, Rev. 3.0
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Pin Assignment

Table 6. Pin Type / Structure

Pin # Pin Name P'?r:tirunna:t\i/:n ;j);vp?; Structure
24 NC n.a. n.a. Negative Clamp Diode, >15 V ESD
25 NC n.a. n.a. n.a.
26 VDDA n.a. VDDA Negative Clamp Diode, Dynamic ESD (transient protection)
27 AGND n.a. GND B2B-Diode to GNDSUB
28 VTEMP VDDA Negative Clamp Diode, >6.0 V ESD
29 TSUP TSUP Negative Clamp Diode, Dynamic ESD (transient protection)
30 GNDSUB GND GND
31 ISENSEL n.a. Negative Clamp Diode, 2nd Clamp Diode to VDDA
32 ISENSEH n.a. Negative Clamp Diode, 2nd Clamp Diode to VDDA
33 ADCGND GND B2B-Diode to GNDSUB
34 VSENSE n.a. No Negative Clamping Diode (-40 V), >42 V ESD
35 VOPT n.a. No Negative Clamping Diode (-40 V), >42 V ESD
36 PTB3 /L0 VDDRX Negative Clamp Diode, >6.0 V ESD
37 PTB2 VDDRX Negative Clamp, Dynamic 5.5 V ESD
38 PTB1 VDDRX Negative Clamp, Dynamic 5.5 V ESD
39 PTBO VDDRX Negative Clamp, Dynamic 5.5 V ESD
40 TCLK VDDRX Negative Clamp, Dynamic 5.5 V ESD
41 GNDSUB GND GND
42 VDDL VDDL Negative Clamp Diode, Dynamic ESD (transient protection)
43 TEST_A VDDRX Negative Clamp, positive 10 V Clamp
44 DGND GND B2B-Diode to GNDSUB
45 RESET_A VDDRX Negative Clamp, positive 10 V Clamp
46 RESET VDDRX Pull-up
47 BKGD MODC VDDRX BKPUE
48 PA7 VDDRX n.a.

MM912_637, Rev. 3.0
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4 Electrical Characteristics

4.1 General

Electrical Characteristics

This section contains electrical information for the microcontroller, as well as the MM912_637 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 7. Absolute Maximum Electrical Ratings - Analog Die

Ratings Symbol Value Unit
VSUP pin voltage Vysup -0.3 to 42 \
VSENSE pin voltage®) VySENSE -16 to 42 v
VOPT pin voltage VvopT -16 to 42 \%
VTEMP pin voltage VyvTEMP -0.3to Vppat+0.25 \
ISENSEH and ISENSEL pin voltage V|SENSE -0.5to Vppat0.25 \Y
ISENSEH and ISENSEL pin current lisENSE -ltol mA
LIN pin voltage Vgus -33t0 42 \
LIN pin current (internally limited) lBusLIM on page 18 mA
LO pin voltage with Rptp3 Vp1B3 -0.3 to 42 max. \Y
Input / Output pins PTB[0:2] voltage VpT1R0-2 -0.3 to Vppx+0.5 \
Pin voltage at VDDX Vppx -0.3t05.75 \Y
Pin voltage at VDDH VopH -0.3t02.75 \%
VDDH output current lvDDH internally limited A
VDDX output current lvDDX internally limited A
TCLK pin voltage V1eLk -0.3to Vppx+0.5 \
RESET_A pin voltage VN -0.3 to Vppx+0.5 \
Notes
3.1t has to be assured by the application circuit that these limits will not be exceeded, e.g. by ISO pulse 1.

Table 8. Maximum Electrical Ratings - MCU Die

Ratings Symbol Value Unit
5.0 V supply voltage VDDRX -0.3t06.0 \Y
2.5V supply voltage VbpD2D -0.3t0 3.6 \%
Digital I/O input voltage (PTAO...7) AN -0.3t0 6.0 \Y
EXTAL, XTAL ViN -0.3102.16 v
Instantaneous maximum current single pin limit for all digital 1/0 pins(4) ID -25t0 25 mA
Instantaneous maximum current single pin limit for EXTAL, XTAL IDL -251t0 25 mA

Notes

4.All digital I/O pins are internally clamped to Vggrx and Vppgrx-

MM912_637, Rev. 3.0
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Table 9. Maximum Thermal Ratings

Electrical Characteristics

Ratings Symbol Value Unit
Storage temperature Tste -55 to 150 °C
Package thermal resistance ®) Rgia 25 typ. °C/W

Notes
5.Rg;a value is derived using a JEDEC 2s2p test board

4.3  Operating Conditions

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

Table 10. Operating Conditions

Ratings Symbol Value Unit
Functional operating supply voltage - Device is fully functional. All features Vsup 3.5t028 \%
are operating.
Extended range for RAM Content is guaranteed. Other device functionary is VsupL 25t035 \Y
limited. With cranking mode enabled (seeSection 5.2.3.4, “Low Voltage
Operation - Cranking Mode Device Option").
Functional operating VSENSE voltage(® VsensE Oto 28 Y
Functional operating VOPT voltage VopT 0to 28 \Y
External temperature sense input - VTEMP VTeEmP Oto 1.25 \%
LIN output voltage range VvsuP_LIN 7to 18 \Y
ISENSEH / ISENSEL terminal voltage V|sSENSE -0.5t00.5 \Y
MCU 5.0 V supply voltage VDDRX 3.13t05.5 \%
MCU 2.5 V supply voltage Vppp2p 2.25t03.6 \Y
MCU oscillator fosc 4t016 MHz
MCU bus frequency feus max. 32.768 MHz
Operating ambient temperature Ta -40 to 125 °C
Operating junction temperature - analog die Ty A -40 to 150 °C
Operating junction temperature - MCU die Tim -40 to 150 °C

Notes
6.Values Vgense > 28 V are flagged in the VSENSE

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. The currents are measured in MCU special single chip mode, and the CPU code is

executed from RAM, unless otherwise noted.

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 32.768 MHz and the CPU frequency is 65.536 MHz. Table 11 and Table 12 show the configuration of the CPMU
module for Run, Wait, and Stop current measurements. Table 13 shows the configuration of the peripherals for run current

measurements

MM912_637, Rev. 3.0
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Electrical Characteristics

Table 11. CPUM Configuration for Run/Wait and Full Stop Current Measurement

CPMU REGISTER Bit settings/Conditions
CPMUSYNR VCOFRQ[1:0]=01,SYNDIV[5:0] = 32.768 MHz
CPMUPOSTDIV POSTDIV[4:0]=0,
CPMUCLKS PLLSEL=1
CPMUOSC OSCE=0, Reference clock for PLL is frgrp=firc1m trimmed to 1.024 MHz

Table 12. CPMU Configuration for Pseudo Stop Current Measurements

CPMU REGISTER

Bit settings/Conditions

CPMUCLKS PLLSEL=0, PSTP=1, PRE=PCE=RTIOSCSEL=COPOSCSEL=1
CPMUOSC OSCE-=1, External square wave on EXTAL fgxta =16 MHz, V|;= 1.8V, V, =0 V
CPMURTI RTDEC=0, RTR[6:4]=111, RTR[3:0]=1111,
CPMUCOP WCOP=1, CR[2:0]=111
Table 13. MCU 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
D2DI continuously transmit data (0x55 or 0xAA)
CcoP COP Watchdog Rate 224
RTI enabled, RTI Control Register (RTICTL) set to $FF
DBG The module is enabled and the comparators are configured to trigger in outside range. The range covers all the

code executed by the core.

Table 14. Analog Die Configurations for Normal Mode Supply Current Measurements

Peripheral Configuration
D2D maximum frequency
LIN enabled, recessive state
TIMER enabled
LTC enabled
Channels Current, voltage, and temperature measurement enabled, LPF and Auto Gain enabled

MM912_637, Rev. 3.0
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Table 15. Supply Currents(

Electrical Characteristics

Ratings

Symbol

Min

Typ .(8)

Max

Unit

MM912_637 COMBINED CONSUMPTION

Normal mode current both dice.

lRUN

25

35

mA

ANALOG DIE CONTRIBUTION - EXCLUDING MCU AND EXTERNAL LOAD CURRENT, (3.5 V <Vgyp <28V, -40 °C < Ty £125 °C)

Normal mode current measured at Vgyp INORMAL 15 4.0 mA
Stop mode current measured at Vgp Istop
i (9)
Continuous baS(.e current . 75 100 A
Stop current during cranking mode 107 130 2
Current adder during current trigger event - (typ. 10 ms duration@9),
- 1500 1750
temperature measurement = OFF)
Sleep mode measured at Vgp IsLeep
i (9)
Continuous base current 52 85 LA
Current adder during current trigger event - (typ. 10 ms duration(19),
1500 1750
temperature measurement = OFF)
MCU DIE CONTRIBUTION, Vpprx = 5.5V
Run Current, Tp =125 °C IRUN 13.5 18.8 mA
Wait current, Ty =125 °C WAt 7.0 8.8 mA
Stop current Istp
Tp=125°C 90 200
HA
Tp=25°C 25 40
Tp=-40°C 15 25
Pseudo stop current, RTl and COP enabled Istp
Tp=150°C 450 520 A
Tp=25°C 350 500 W
Tp=-40°C 330 410
Notes

7.See Table 11, Table 12, Table 13, and Table 14 for conditions. Currents measured in Test mode with external loads (100 pF) and the external

clock at 64 MHz.

8.Typical values noted reflect the approximate parameter mean at T = 25 °C.

9.From Vgyp 6.0 t0 28 V

10.Duration based on channel configuration. 10ms typical for Decimation Factor = 512, Chopper = ON.

4.5 Static Electrical Characteristics

All characteristics noted under conditions 3.5 V<Vgp <28 V, -40 °C < T, <125 °C, unless otherwise noted. Typical values noted

reflect the approximate parameter mean at T, = 25 °C under nominal conditions, unless otherwise noted.

45.1 Static Electrical Characteristics Analog Die

Table 16. Static Electrical Characteristics - Power Supply

Ratings Symbol Min Typ Max Unit
Low Voltage Reset L (POR) Assert (measured on VDDL) VPORL v
Cranking Mode Disabled 1.75 1.9 21
Low Voltage Reset L (POR) Deassert (measured on VDDL) VPORH v
Cranking Mode Disabled 1.85 2.1 2.35
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Table 16. Static Electrical Characteristics - Power Supply

Electrical Characteristics

Ratings Symbol Min Typ Max Unit

Low Voltage Reset L (POR) Assert (measured on VDDL) VPORCL v
Cranking Mode Enabled®?) 1.0 1.3 1.7
Low Voltage Reset A (LVRA) Assert (measured on VDDA) VLVRAL 1.9 2.05 2.2 \%
Low Voltage Reset A (LVRA) Deassert (measured on VDDA) VLVR AH 2.0 2.15 2.3 \%
Low Voltage Reset X (LVRX) Assert (measured on VDDX) VLVRXL 2.5 2.75 3.0 \%
Low Voltage Reset X (LVRX) Deassert (measured on VDDX) VI_VRXH 2.7 2.95 3.25 \%
Low Voltage Reset H (LVRH) Assert (measured on VDDH) VLVRHL 1.95 2.075 2.2 \%
Low Voltage Reset H (LVRH) Deassert (measured on VDDH) VLVRHH 2.05 2.175 2.3 \%
U_nder-voltage Interrupt (UVI) Assert (measured on VSUP), Cranking Mode VUV"_ 465 52 6.1 v
Disabled
Under-v_oltage Interrupt (UVI) Deassert (measured on VSUP), Cranking VUVIH 4.9 54 6.2 v
Mode Disabled
Under_—voltage Cranking Interrupt (UVI) Assert (measured on VSUP) Vuvcn_ 34 36 4.0 v
Cranking Mode Enabled
Under_—voltage Cranking Interrupt (UVI) Deassert (measured on VSUP) VUVCIH 35 38 a1 v
Cranking Mode Enabled
VSENSE/VOPT High Voltage Warning Threshold Assert®2) Vo, 28 v
Notes
11.Deassert with Cranking off = VPORH
12.5.0 V < Vgyp < 28 V, Digital Threshold at the end of channel chain (incl. compensation)
Table 17. Static Electrical Characteristics - Resets

Ratings Symbol Min Typ Max Unit
Low-state Output Voltage Igyt = 2.0 mA VoL 0.8 \
Pull-up Resistor Rrpu 25 50 kOhm
Low-state Input Voltage VL 0.3Vppx \Y
High-state Input Voltage ViH 0.7Vppx \
Reset Release Voltage (VDDX) VRsTRV 0 0.02 1.0 \Y
RESET_A pin Current Limitation ILIMRST 10 mA
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Electrical Characteristics

Table 18. Static Electrical Characteristics - Voltage Regulator Outputs

Ratings Symbol Min Typ Max Unit
Analog Voltage Regulator - VDDA®3)
Output Voltage 1.0 mA < lyppa < 1.5 mA Vbpa 2.25 2.5 2.75 \
Output Current Limitation lvppa 10 mA
Low Power Digital Voltage Regulator - VDDL®3)
Output Voltage VoL 2.25 25 2.75 \Y
High Power Digital Voltage Regulator - VDDH(%)
Output Voltage 1.0 mA < ly,ppy < 30 mA VbpH 2.4 2.5 2.75 \
Output Current Limitation lvDDH 65 mA
5.0 V Voltage Regulator - VDDX(¥)
Output Voltage 1.0 mA < ly,ppx <30 mA Vpbx 3.15 5.0 5.9 \
Output Current Limitation lvbbx 45 60 80 mA
Notes
13.No additional current must be taken from those outputs.
14.The specified current ranges does include the current for the MCU die. No external loads recommended.
Table 19. Static Electrical Characteristics - LIN Physical Layer Interface - LIN
Ratings Symbol Min Typ Max Unit
Current Limitation for Driver dominant state. Vgyg = 18 V IsusLim 40 120 200 mA
Input Leakage Current at the Receiver incl. Pull-up Resistor Rg| avg: lgus_PAs_DoM 1.0 mA
Driver OFF; Vgys = 0 V; Vgar = 12V
Input Leaka_ge Current atthe Rec_eiver incl. Pull-up Res_istor Rsi aves lsus_pas_REC 20 uA
Driver OFF; 8.0 V < Vgar < 18 V; 8.0 V < Vg < 18 V; Vgys > Vgar
Input Leakage Current; GND Disconnected; GNDpgyce = Vsup: lsus_NO_GND 1.0 10 mA
0<Vgys < 18V; Vgar =12V
Input Leakage Current; Vgat disconnected; Vsyp pevice = GND; IBus NO BAT
0<Vgyg <18V - - 100 WA
Receiver Input Voltage; Receiver Dominant State VBeuspom 0.4 Vsup
Receiver Input Voltage; Receiver Recessive State VBUSREC 0.6 Vsup
Receiver Threshold Center (Vty_pom *+ VTH_rec)/2 VBUS_cNT 0.475 0.5 0.525 Vsup
Receiver Threshold Hysteresis (V1y_rec - VTH_powm) VBUS_HYS 0.175 Vsup
Voltage Drop at the serial Diode Dser_INT 0.3 0.7 1.0 \%
LIN Pull-up Resistor RsLave 20 30 60 kOhm
Low Level Output Voltage, Igys=40 mA Vboowm 0.3 Vsup
High Level Output Voltage, Igys=-10 pA, R =33 kOhm VREC VSUP-1 \%
J2602 Detection Deassert Threshold for VSUP level V326024 5.9 6.3 6.7 \
J2602 Detection Assert Threshold for VSUP level V326021 5.8 6.2 6.6 \
J2602 Detection Hysteresis V32602HYS 70 190 250 mvV
BUS Wake-up Threshold Vi inwup 4.0 5.25 6.0 \
MM912_637, Rev. 3.0
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Electrical Characteristics

Table 20. Static Electrical Characteristics - High Voltage Input - PTB3 /L0

Ratings Symbol Min Typ Max Unit
Wake-up Threshold - Rising Edge V\WTHR 13 2.6 3.4 \Y
Input High Voltage (digital Input) Vi 0.7Vppx Vppx10.3 \Y
Input Low Voltage (digital Input) Vi Vgs-0.3 0.35Vppy \
Input Hysteresis Vhys 50 140 200 mV
Internal Clamp Voltage ViocLvp 4.9 6.0 7.0 \Y
Input Current PTB3 / LO (V| = 42 V; R =47 kOhm) N 11 mA
Internal pull-down resistance®) Rpp 50 100 200 kOhm
PTB3/ LO Series Resistor RpTe3 42.3 47 51.7 kOhm
PTB3 / LO Capacitor Clo 42.3 47 51.7 nF
Notes
15.Disabled by default.

Table 21. Static Electrical Characteristics - General Purpose I/O - PTBJ[0...2]
Ratings Symbol Min Typ Max Unit

Input High Voltage Viy 0.7Vppx Vppx+0.3 \
Input Low Voltage Vi Vgs-0.3 0.35Vppx \Y
Input Hysteresis Vhvs 50 140 200 mvV
Input_Leakage Current (pins in high-impedance input mode) N 10 10 LA
(ViN = Vbpx Or Vssx)
Output High Voltage (pins in output mode) Full drive Iy =-5.0 mA Von Vppx-0.8 \%
Output Low Voltage (pins in output mode) Full drive |5, = 5.0 mA VoL 0.8 \Y
Internal Pull-up Resistance (V| min. > Input voltage >V, max)(16) RpuL 25 375 50 kOhm
Input Capacitance Cin 6.0 pF
Maximum Current All PTB Combined®”) IBMAX -17 17 mA
Output Drive strength at 10 MHz Cout 100 pF

Notes
16.Disabled by default.
17.0verall VDDR Regulator capability to be considered.
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Electrical Characteristics

Table 22. Static Electrical Characteristics - Current Sense Module*®

Ratings Symbol Min Typ Max Unit
Gain Error IGAINERR
with temperature based gain compensation adjustment(lg)' (20) -0.5 01 0.5 %
with default gain compensation -1.0 1.0
Offset Error?D),(22) |OFFSETERR 0.5 uv
Resolution IRES 0.1 pv
ISENSEH, ISENSEL
terminal voltage Vine -300 300 mV
differential signal voltage range Vinp -200 200
Differential Leakage Current: differential voltage between ISENSEH/ IsENsE_pLC 20 20 nA
ISENSEL, <200 mV
Wake-up Current Threshold Resolution IRESWAKE 0.2 uv
Resistor Threshold for OPEN Detection RopeN 0.8 1.25 1.8 MOhm
Notes
18.3.5V < Vgyp < 28 V, after applying default trimming values - see Section 6, “MM912_637 - Trimming".
19.Gain Compensation adjustment on calibration request interrupt with TCALSTEP
20.£0.65%, including lifetime drift for gain 256 and 512
21.Chopper Mode = ON, Gain with automatic gain control enabled
22.Parameter not tested. Guaranteed by design and characterization
Table 23. Static Electrical Characteristics - Voltage Sense Module®)
Ratings Symbol Min Typ Max Unit
Gain Error®% VGAINERR
18V<Vy<28V -0.5 0.1 0.5
35V<Vy<18V -0.4 0.1 0.4 %
35V < V<50V -0.25 0.1 0.25
5.0V <V < 18 V)27 -0.15 0.1 0.15
Offset Error(26):(28) VOEFSETERR -1.5 15 mv
Resolution with Rygensg = 2.2 kKOhm VREs 0.5 mV
Notes
23.3.5V < Vgyp <28V, after applying default trimming values - see Section 6, “MM912_637 - Trimming".
24.Including resistor mismatch drift
25.Gain Compensation adjustment on calibration request interrupt with TCALSTEP
26.Chopper Mode = ON.
27.40.2%, including lifetime drift
28.Parameter not tested. Guaranteed by design and characterization.
Table 24. Static Electrical Characteristics - Temperature Sense Module®®)
Ratings Symbol Min Typ Max Unit
Measurement Range TRANGE -40 150 °C
Accuracy Tacc
-40 °C < T, < 60 °C(30) 2.0 2.0 K
-40°C<Tp<150°C -3.0 3.0
Resolution TrES 8.0 mK
TSUP Voltage Output, 10 pA < Itgyp < 100 pA Visup 1.1875 1.25 1.3125 \
TSUP Capacitor with ECAP =1 Crsup 209 220 231 pF
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Electrical Characteristics

Table 24. Static Electrical Characteristics - Temperature Sense Module®@

Ratings Symbol Min Typ Max Unit

Max Calibration Request Interrupt Temperature Step TCcALSTEP -25 25 K

Notes
29.3.5V < Vgyp <28V, after applying default timming values - see Section 6, “MM912_637 - Trimming".
30.Temperature not tested in production. Guaranteed by design and characterization.

45.2 Static Electrical Characteristics MCU Die

Table 25. Static Electrical Characteristics - MCU

Ratings Symbol Min Typ Max Unit
Power On Reset Assert (measured on VDDRX) VPORA 0.6 0.9 - \%
Power On Reset Deassert (measured on VDDRX) VpORD - 0.95 1.6 \%
Low Voltage Reset Assert (measured on VDDD2D) VLVRA 2.97 3.06 - \%
Low Voltage Reset Deassert (measured on VDDD2D) VI_VRD - 3.09 3.3 \%
Low Voltage Interrupt Assert (measured on VDDD2D) VI_VIA 4.06 4.21 4.36 \%
Low Voltage Interrupt Deassert (measured on VDDD2D) Vl_vID 4.19 4.34 4.49 \%

Table 26. Static Electrical Characteristics - Oscillator (OSCLCP)

Ratings Symbol Min Typ Max Unit
Startup Current iosc 100 pA
Input Capacitance (EXTAL, XTAL pins) Cin 7.0 pF
EXTAL Pin Input Hysteresis VHvs EXTAL — 180 — mV
EXTAL Pin oscillation amplitude (loop controlled Pierce) Vpp EXTAL — 0.9 — \%

Table 27. 5.0 V I/O Characteristics for all /0 pins except EXTAL, XTAL, TEST, D2DI, and supply pins
(4.5V <Vpprx <5.5V; T;: —40 °C to +150 °C, unless otherwise noted)

Ratings Symbol Min Typ Max Unit
Input High Voltage Viu 0.65*Vpprx — — \
Input High Voltage Vi — — Vpprx10.3 \Y
Input Low Voltage Vi — — 0.35*Vpprx \
Input Low Voltage VL Vgsrx—0.3 — — \
Input Hysteresis VHYS 250 — mVv
Input Leakage Current (pins in high-impedance input mode)(31)
VIN = VDDRX OF VSSRX N -1.00 — 1.00 WA
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Electrical Characteristics

Table 27. 5.0 V I/O Characteristics for all /0 pins except EXTAL, XTAL, TEST, D2DI, and supply pins
(4.5V <Vpprx <5.5V; T;: —40 °C to +150 °C, unless otherwise noted)

Ratings Symbol Min Typ Max Unit

Input Leakage Current (pins in high-impedance input mode)©2)
VIN = VDDX Or Vssx +1.0

Ta=-40°C £1.0

Ta=25°C 8.0

Tp=70°C +14

Tp=85°C 126

Tp =105 °C hn 132 nA

Tp=110°C +40

Tp=120°C 160

Tpo=125°C +74

Tpo=130°C +92

Ta=150°C +240
Output High Voltage (pins in output mode), IoH = —4.0 mA VOH Vpprx — 0.8 — — \%
Output Low Voltage (pins in output mode), Ig|. = 4.0 mA VoL — — 0.8 \
Internal Pull-up Current, V4 min > input voltage > V,_max lpuL -10 — -130 pA
Internal Pull-down Current, V,4; min > input voltage >V, max IPDH 10 — 130 pA
Input Capacitance Cin — 7 — pF
Injection Current(33)

Single pin limit lics -2.5 — 2.5 mA

Total device Limit, sum of all injected currents licp -25 25
Notes

31.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.

32.Maximum leakage current occurs at maximum operating temperature. Current decreases by approximately one-half for each 8.0 °Cto 12 °C
in the temperature range from 50 °C to 125 °C.

33.Refer to Section 4.5.2.1, “Current Injection” for more details

45.2.1 Current Injection

The power supply must maintain regulation within the Vppy operating range during instantaneous and operating maximum
current conditions. If positive injection current (V |y > Vppx) is greater than Ippy, the injection current may flow out of VDDX and
could result in the external power supply going out of regulation. Ensure that the external Vppx load will shunt current greater
than the 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 the clock rate is very low, which would reduce overall power consumption.
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4.6

Electrical Characteristics

Dynamic Electrical Characteristics

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

4.6.1

Dynamic Electrical Characteristics Analog Die

Table 28. Dynamic Electrical Characteristics - Modes of Operation

Ratings Symbol Min Typ Max Unit
Low Power Oscillator Frequency foscL — 512 — kHz
Low Power Oscillator Tolerance over full temperature range froL A
Analog Option 2 -4.0 — 4.0 %
Analog Option 1 -5.0 — 5.0
Low Power Oscillator Tolerance - synchronized ALFCLK(®% froLc_ A
ALF clock cycle = 1.0 ms fro-0.2 froL+0.2
ALF clock cycle = 2.0 ms fro-0.1 ¢ froL+0.1 %
ALF clock cycle = 4.0 ms froL-0.05 oL froL+0.05
ALF clock cycle = 8.0 ms froL-0.025 frot0.025
Notes
34.Parameter not tested. Guaranteed by design and characterization.
Table 29. Dynamic Electrical Characteristics - Die to Die Interface - D2D
Ratings Symbol Min Typ Max Unit
Operating Frequency (D2DCLK, D2D[0:3]) fo2p — — 32.768 MHz
Table 30. Dynamic Electrical Characteristics - Resets
Ratings Symbol Min Typ Max Unit
Reset Deglitch Filter Time tRsTDE 1.0 2.0 3.2 ps
Reset Release Time for WDR and HWR tRSTRT — 32 — ps
Table 31. Dynamic Electrical Characteristics - Wake-up / Cyclic Sense
Ratings Symbol Min Typ Max Unit
Cyclic Wake-up Time®> twakeup | ALFCLK — TIM4ACH ms
Cyclic Current Measurement Step Width(G®) tsTep ALFCLK — 16Bit ms
Notes
35.Cyclic wake-up on ALFCLK clock based 16 Bit TIMER with maximum 128x prescaler (min 1x)
36.Cyclic wake-up on ALFCLK clock with 16 Bit programmable counter
Table 32. Dynamic Electrical Characteristics - Window Watchdog
Ratings Symbol Min Typ Max Unit
Initial Non-window Watchdog Timeout tiwbpTo see Figure 2 ms
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Electrical Characteristics

Table 33. Dynamic Electrical Characteristics - LIN Physical Layer Interface - LIN

Ratings

Symbol

Min

Typ

Max

Unit

Bus Wake-up Deglitcher (Sleep and Stop Mode)

tprOPWL

60

80

100

us

Fast Bit Rate (Programming Mode)

BRpasT

100

kBit/s

Propagation delay of receiver

tRx_PD

6.0

us

Symmetry of receiver propagation delay rising edge w.r.t. falling edge

tRx_syMm

-2.0

2.0

us

LIN DRIVER - 20.0 KBIT/S; BUS LOAD CONDITIONS (Cgys; Rgys): 1.0N

F, 1.0KQ/6

,8 NF;660 Q

/10 NF;500 Q

Duty Cycle 1:
THRec(MAX) = 0.744 X Vsyp
THpommax) = 0.581 x Vgyp
7.0V< VSUP <18 V; tB|T =50 USs;

D1 =tgys recviny/(2 X tgiT)

D1

0.396

Duty Cycle 2:
THRecMiN) = 0-422 X Vgp
THpomminy = 0.284 X Vgyp
7.6 V<Vgyp<18YV,tgj;=50 s
D2 = tgys_recmaxy/(2 X tgyT)

D2

0.581

LIN DRIVER - 10.0 KBIT/S; BUS LOAD CONDITIONS (Cgys; Rgus): 1.0 N

F,1.0KQ/6

,8 NF;660 Q

/10 NF;500 Q

Duty Cycle 3:
THRec(max) = 0-778 X Vgyp
THpommax) = 0.616 X Vgyp
7.0V <Vgyp <18V, tgj; =96 us
D3 = tgys_reciviny/(2 X tgiT)

D3

0.417

Duty Cycle 4:
THrecminy = 0-389 X Vsyp
THpomminy = 0251 x Vgyp
76V< VSUP <18V; tB|T =96 us

D4 = tgys_recmaxy/(2 X tgiT)

D4

0.590

LIN Transmitter Timing, (Vgyp from 7.0 to 18 V) - See Figure 5

Transmitter Symmetry
tTRAN_SYM < MAX(ttran_SymGO%, tTRAN_SYM4O%)
trran_symB0% = trran_ppr60% - trran_pprE0%

trRAN_SYM

trran_sym40% = trran_ppr40% - trran_ppRA0%

-7.25

7.25

us

X

BUS

ttran_pdf60%

ttran_pdf40%

Figure 5. LIN Transmitter Timing
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Table 34. Dynamic Electrical Characteristics - General Purpose I/O - PTB3/ L0]

Ratings Symbol Min Typ Max Unit

Wake-up Glitch Filter Time twupr 20 ps
Table 35. Dynamic Electrical Characteristics - General Purpose I/O - PTB[0...2]

Ratings Symbol Min Typ Max Unit
GPIO Digital Frequency forB 10 MHz
Propagation Delay - Rising Edge©”) tppr 20 ns
Rise Time - Rising Edge®”) trISE 17.5 ns
Propagation Delay - Falling Edge®” tpps 20 ns
Rise Time - Falling Edge®") teaLL 17.5 ns
Notes
37.Load PTBx = 100 pF

Table 36. Dynamic Electrical Characteristics - Current Sense Module

Ratings Symbol Min Typ Max Unit

Frequency Attenuation(3®)-(39)
<100 Hz (prss) 3.0 dB
>500 Hz (fSTOP) 40 -
Signal Update Rate(?) fluPDATE 0.5 8.0 kHz
Signal Path Match with Voltage Channel flvyMATCH 2.0 ps
Gain Change Duration (Automatic GCB active)“1) toc 14 Us
Notes
38.Characteristics identical to Voltage Sense Module
39.With default LPF coefficients
40.After passing decimation filter
41.Parameter not tested. Guaranteed by design and characterization.
Table 37. Dynamic Electrical Characteristics - Voltage Sense Module

Ratings Symbol Min Typ Max Unit
Frequency attenuation(2-(43)
95...105 Hz (prss) dB
>500 Hz (fstop) 0 3.0
Signal update rate*¥) fyUPDATE 0.5 8.0 kHz
Signal path match with Current Channel®®) fluMATCH 2.0 us
Notes
42 .Characteristics identical to Voltage Sense Module
43.With default LPF coefficients
44 After passing decimation filter
45.Parameter not tested. Guaranteed by design and characterization.

MM912_637, Rev. 3.0
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Table 38. Dynamic Electrical Characteristics - Temperature Sense Module

Ratings Symbol Min Typ Max Unit

Signal Update Rate(*®) frUPDATE 1.0 4.0 kHz

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

4.6.2 Dynamic Electrical Characteristics MCU Die

4.6.2.1 NVM

46.21.1 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 operations 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.

The following sections provide equations which can be used to determine the time required to execute specific flash commands.
All timing parameters are a function of the bus clock frequency, fyymsus. All program and erase times are also a function of the
NVM operating frequency, fyymop A summary of key timing parameters can be found in Table 39.

4.6.2.1.1.1 Erase Verify All Blocks (Blank Check) (FCMD=0x01)

The time required to perform a blank check on all blocks is dependent on the location of the first non-blank word starting at relative
address zero. It takes one bus cycle per phrase to verify, plus a setup of the command. Assuming that no non-blank location is
found, then the time to erase verify all blocks is given by:

tyeqc = 35500 — - —

fNVMBUS

4.6.2.1.1.2 Erase Verify Block (Blank Check) (FCMD=0x02)

The time required to perform a blank check is dependent on the location of the first non-blank word starting at relative address
zero. It takes one bus cycle per phrase to verify, plus a setup of the command.

Assuming that no non-blank location is found, then the time to erase verify a P-Flash block is given by:

1
tpcheck = 33500 . f—""'—
NVMBUS
Assuming that no non-blank location is found, then the time to erase verify a D-Flash block is given by:
_ 1
tdcheck = 2800 'f
NVMBUS

4.6.2.1.1.3 Erase Verify P-Flash Section (FCMD=0x03)
The maximum time to erase verify a section of P-Flash depends on the number of phrases being verified (Nyp) and is given by:

1

t= (450 Nve)- fnvmBus

4.6.2.1.1.4 Read Once (FCMD=0x04)

The maximum read once time is given by:

MM912_637, Rev. 3.0
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t = 400. —=—

fNVMBUS

4.6.2.1.1.5 Program P-Flash (FCMD=0x06)

Electrical Characteristics

The programming time for a single phrase of four P-Flash words and the two seven-bit ECC fields is dependent on the bus

frequency, fyymeus. as well as on the NVM operating frequency, fyymor

The typical phrase programming time is given by:

1 2000 —1

t ~ 164
fNVMOP fNVMBUS

ppgm

The maximum phrase programming time is given by:

1 2500 —1

t ~ 164
fNVMOP fNVMBUS

ppgm

4.6.2.1.1.6 Program Once (FCMD=0x07)

The maximum time required to program a P-Flash Program Once field is given by:

1 2150 —1

t~ 164 -
fNVMOP fNVMBUS

4.6.2.1.1.7 Erase All Blocks (FCMD=0x08)
The time required to erase all blocks is given by:
1 1

+ 70000 -

t ~ 100100 -
fnvmop fuvmsus

mass

4.6.2.1.1.8 Erase P-Flash Block (FCMD=0x09)
The time required to erase the P-Flash block is given by:
1 1

+ 67000 -

t ~ 100100 -
fnvmop fnvmBus

pmass

4.6.2.1.1.9 Erase P-Flash Sector (FCMD=0x0A)
The typical time to erase a 512-byte P-Flash sector is given by:
1 1

+ 700 -

tyera = 20020 -
fnvmor fuvmsus

pera

The maximum time to erase a 512-byte P-Flash sector is given by:

1 1400 —1—

tyera = 20020 -
NVMOP fuvmsus

pera

4.6.2.1.1.10 Unsecure Flash (FCMD=0x0B)

The maximum time required to erase and unsecure the Flash is given by:

(for 128 kByte P-Flash and 4.0 kByte D-Flash)

1 70000 —1—

t,ns = 100100 -
fnvmor fnvmBus

uns
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4.6.2.1.1.11 Verify Backdoor Access Key (FCMD=0x0C)

The maximum verify back door access key time is given by:

t = 400 —2—

fNVMBUS

4.6.2.1.1.12 Set User Margin Level (FCMD=0x0D)

The maximum set user margin level time is given by:

t = 350._....1_..

1:NVMBUS

4.6.2.1.1.13 Set Field Margin Level (FCMD=0x0E)

The maximum set field margin level time is given by:

t = 350._....1_..

1:NVMBUS

4.6.2.1.1.14 Erase Verify D-Flash Section (FCMD=0x10)

The time required to Erase Verify D-Flash for a given number of words Ny is given by:

1
tacheck & (450 + Nyy) - f_—'—_

NVMBUS

4.6.2.1.1.15 Program D-Flash (FCMD=0x11)

D-Flash programming time is dependent on the number of words being programmed and their location with respect to a row
boundary, since programming across a row boundary requires extra steps. The D-Flash programming time is specified for
different cases: 1,2,3,4 words and 4 words across a row boundary.

The typical D-Flash programming time is given by the following equation, where N, denotes the number of words; BC=0 if no
row boundary is crossed and BC=1, if a row boundary is crossed:

typgm = ((14 +(54-Ny) + (14 -BC)) - —= ) + ((500 +(525 - Nyy) + (100 - BC)) - ——1——)
fnvmor fuvmsus
The maximum D-Flash programming time is given by:
1

typgm = ((14+ (54 Nyy) + (14 BC)) - —2— ) + (500 + (750 - Ny ) + (100 - BC)) - ——— |

1:NVMOP fNVMBUS

4.6.2.1.1.16 Erase D-Flash Sector (FCMD=0x12)
Typical D-Flash sector erase times, expected on a new device where no margin verify fails occur, is given by:

1 700 —1

~ 5025 -
fnvmor fnvmsus

tdera

Maximum D-Flash sector erase times is given by:

1 3400 —1—
NVMOP fNVMBUS

The D-Flash sector erase time is ~5.0 ms on a new device and can extend to ~20 ms as the flash is cycled.

~ 20100 -

tdera
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Table 39. NVM Timing Characteristics (FTMRC)

Rating Symbol Min Typ“") Max®® | Unit®“9
Bus Frequency fNvMBUS 1.0 — 32.768 MHz
Operating Frequency fnvmor 0.8 1.0 1.05 MHz
Erase All Blocks (mass erase) Time tmass — 100 130 ms
Erase Verify All Blocks (blank check) Time tcHECK — — 35500 tcye
Unsecure Flash Time tuns — 100 130 ms
P-flash Block Erase Time temass — 100 130 ms
P-flash Erase Verify (blank check) Time tpcHECK — — 33500 tcye
P-flash Sector Erase Time tPERA — 20 26 ms
P-flash Phrase Programming Time tepgM — 226 285 us
D-flash Sector Erase Time tbERA — 5(50) 26 ms
D-flash Erase Verify (blank check) Time tbcHECK — — 2800 teye
D-flash One Word Programming Time tbpeM1 — 100 107 us
D-flash Two Word Programming Time tbpeM2 — 170 185 us
D-flash Three Word Programming Time tbpem3 — 241 262 us
D-flash Four Word Programming Time tbpema — 311 339 us
D-flash Four Word Programming Time Crossing Row Boundary topamac — 328 357 us

Notes
47.Typical program and erase times are based on typical fyypmop @and maximum fyymsus

48.Maximum program and erase times are based on minimum fyyvop @and maximum fyymeus

49.tcyc = 1 /fyvmBus
50.Typical value for a new device

4.6.2.1.2 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.

Table 40. NVM Reliability Characteristics®?

Rating Symbol Min Typ Max Unit
E)a;%,ﬁct)gn;r(c))r;raatn?/rlzzlseeri%/ilj:smtion temperature of Tyayg =85 °CH afer up tNVMRET 20 10063) — Years
Program Flash number of program/erase cycles (-40 °C < T; < 150 °C) NELPE 10K 100 K4 — Cycles
0 50,000 prograrbrace ayine o e of Toave = 62 ictafterun [y mer | 50 | 10069 | — | vears
l0 10,000 prograrmorace ayaine o e of Toave = 62 eV atterup | er 10 | 20089 | — | vears
512? ]r-((e)toer;)tri;)g]]r’;l‘tma;r(]a ;\/seerac?lilieusnction temperature of Ty = 85 °C®Y) after less fVMRET 20 10063 . vears
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Table 40. NVM Reliability Characteristics®?
Data Flash number of program/erase cycles (-40 °C < T; < 150°C) NELPE | 50 K ‘ 500 K54 ‘ — | Cycles ‘

Notes

51.Conditions are shown in Table 10, unless otherwise noted

52.T;avG does not exceed 85 °C in a typical temperature profile over the lifetime of a consumer, industrial, or automotive application.
53.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 Freescale defines Typical Data Retention, refer to Engineering Bulletin
EB618

54.Spec table quotes typical endurance evaluated at 25°C for this product family. For additional information on how Freescale defines Typical
Endurance, refer to Engineering Bulletin EB619.

4.6.2.2 Phase Locked Loop

46.2.2.1 Jitter Definitions

With each transition of the feedback clock, the deviation from the reference clock is measured and 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 6.

0 1 2 3 N-1 N

LW LW LW

tminN

tmaxN

A A

Figure 6. Jitter Definitions

The relative deviation of tygy, is at its maximum for one clock period, and decreases towards zero for larger number of clock
periods (N).

Defining the jitter as:

tmax(N) tmin(N)J

N'tnom N “thom

For N < 100, the following equation is a good fit for the maximum jitter:

J(N) = max[ 1

1
J(N) = ﬁ

MM912_637, Rev. 3.0
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Y

Figure 7. Maximum Bus Clock Jitter Approximation

10

NOTE

I
20

On timers and serial modules a prescaler will eliminate the effect of the jitter to a large extent.

46.2.2.2 Electrical Characteristics for the PLL
Table 41. PLL Characteristics
Rating Symbol Min Typ Max Unit
VCO Frequency During System Reset fvcorsT 8 32 MHz
VCO Locking Range fvco 32.768 65.536 MHz
Lock Detection |ALockl 0 15 %(>°)
Un-lock Detection lAun| 0.5 25 %(>%)
Time to Lock tLock 150 + 256/fREF us
Jitter Fit Parameter 106) i 1.2 %
Notes
55.% deviation from target frequency
56.fger = 1.024 MHz, fg 5 = 32.768 MHz equivalent fp| | = 65.536 MHz, REFRQ=00, SYNDIV=$1F, VCOFRQ=01, POSTDIV=$00
46.2.3 Reset, Oscillator and Internal Clock Generation
Table 42. Dynamic Electrical Characteristics - MCU Clock Generator
Ratings Symbol Min Typ Max Unit
Bus Frequency faus — — 32.768 MHz
Internal Reference Frequency fircim_TRIM — 1.024 — MHz
Internal Clock Frequency Tolerance®”)-(58) froL %
Analog Option 2 -1.0 — 1.0
Analog Option 1 -1.2 — 1.2
Clock Frequency Tolerance with External Oscillator®® troLexT -0.5 0.5 %
Crystal Oscillator Range fosc 4.0 16 MHz
Oscillator Start-up Time (LCP, 4.0 MHz)(®%) tuposc — 2.0 10 ms
Oscillator Start-up Time (LCP, 8.0 MHz)®%) tuposc — 1.6 8.0 ms
Oscillator Start-up Time (LCP, 16 MHz)®® tuposC — 1.0 5.0 ms
MM912_637, Rev. 3.0
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Table 42. Dynamic Electrical Characteristics - MCU Clock Generator

Ratings Symbol Min Typ Max Unit
Clock Monitor Failure Assert Frequency femEa 200 400 1000 kHz
Notes
57.-40°C <Tp<125°C
58.£1.3%, including lifetime drift
59.Dependent on the external OSC
60.These values apply for carefully designed PCB layouts with capacitors that match the crystal/resonator requirements
46.2.4 Reset Characteristics
Table 43. Reset and Stop Characteristics®
Rating Symbol Min Typ Max Unit
Reset Input Pulse Width, minimum input time PWgrsTtL 2.0 tycorsT
Startup from Reset NRsT 768 tycorsT
STOP Recovery Time tsTP_REC 50 us
Notes
61.Conditions are shown in Table 10 unless otherwise noted
4.6.2.5 SPI Timing
This section provides electrical parameters and ratings for the SPI. The measurement conditions are listed in Table 44.
Table 44. Measurement Conditions
Description Value Unit
Drive mode Full drive mode —
Load capacitance C oap®2. on all outputs 50 pF
Notes
62.Conditions are shown in Table 10 unless otherwise noted
MM912_637, Rev. 3.0
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46.25.1 Master Mode

The timing diagram for master mode with transmission format CPHA = 0 is depicted in Figure 8.

Ss
(Output) '\4
@D (O— @~ H~D
oS T an/anas \ N |
(Output) — 7 (4> —— -
< <—®
(CPOLS:C1I§ ——\ /—X \ /" \
(Output) | \_/\,7' Kk 1
OO

MISO )
(npuy —TX MSBIN2 D Bit MSB-1... 1 LSB IN
—>| —> —> <—@
MOSI ) \ .
(Output) MSB OUT2 Bit MSB-l\“ 1 >< LSB OUT >< ><

1. If configured as an output.
2. LSBF = 0. For LSBF =1, bit order is LSB, bit 1, bit 2... MSB.

Figure 8. SPI Master Timing (CPHA =0)

The timing diagram for master mode with transmission format CPHA=1 is depicted in Figure 9.

=
(Output) \
scK —@ @—» |«— <—®
CPOL=0 \ / T i \
( (Outputg —/ X 4 \ / !
<@ =@ @, <D
( scr; —\ /—\ l \ A
CPOL=1 7 \
(Output) —— —7/ ]
<@>
MISO _ :'\ ,C
(Inputy ————— MSBIN2 - Bit MSB-1... LSB IN
@—> —

(Omgust)l Port Data Master MSB OUT2 Bit MSB'l'Nl >< Master LSB OUT >< Port Data ><

1.If configured as output
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1,bit 2... MSB.

Figure 9. SPI Master Timing (CPHA = 1)

The timing characteristics for master mode are listed in Table 45.
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Table 45. SPI Master Mode Timing Characteristics

Num C Characteristic Symbol Min Typ Max Unit
1 D SCK Frequency fsck 1/2048 — 1/2 faus
1 D |SCK Period tsck 2.0 — 2048 tsus
2 D Enable Lead Time tLEAD — 1/2 — tsck
3 D Enable Lag Time tLaG — 1/2 — tsck
4 D Clock (SCK) High or Low Time twsck — 1/2 — tsck
5 D Data Setup Time (inputs) tsu 8.0 — — ns
6 D Data Hold Time (inputs) th) 8.0 — — ns
9 D Data Valid After SCK Edge tysck — — 29 ns
10 D Data Valid After SS Fall (CPHA = 0) tyss — — 15 ns
11 D Data Hold Time (outputs) tho 20 — — ns
12 D Rise and Fall Time Inputs trEl — — 8.0 ns
13 D Rise and Fall Time Outputs trro — — 8.0 ns

46.25.2 Slave Mode

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

SS
(Input)

\

ScK O @~ A
T e
v I e Wl Il

> >

(Input)
Oa

Z

MISO

(Output) Slave MSB Bit MSB-1... 1 Slave LSB OUT see

Note
|

MOSI :
(Input) MSB IN Bit MSB-1.... 1 LSB IN

NOTE: Not defined

T+

Figure 10. SPI Slave Timing (CPHA = 0)

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

MM912_637, Rev. 3.0

Freescale Semiconductor 34



Electrical Characteristics

| o |
(Input) \ &
- @ @—» -« > <—®
SCK —

CPOL=0 / I \
( (Inputg __7/ T 7 \_I\‘_/ N
(CPOL = 1) —\ /_\ / N /N

(Input) — —]

(Om:osmo) — Ne& N slave| [MsBouT [ Bt MSB-l.Nl >< Slave LSBOUT ) -

—>
S MSB IN [ i
(Input) | Bit MSB-1... 1 LSB IN {

NOTE: Not defined
Figure 11. SPI Slave Timing (CPHA = 1)

The timing characteristics for slave mode are listed in Table 46.

Table 46. SPI Slave Mode Timing Characteristics

Num C Characteristic Symbol Min Typ Max Unit
1 D SCK Frequency fsck DC — 1/4 faus
1 D |SCK Period tsck 4.0 — w faus
2 D Enable Lead Time fLEAD 4.0 — — feus
3 D Enable Lag Time tLac 4.0 — — faus
4 D Clock (SCK) High or Low Time twsck 4.0 — — faus
5 D Data Setup Time (inputs) tsu 8.0 — — ns
6 D Data Hold Time (inputs) th) 8.0 — — ns
7 D Slave Access Time (time to data active) ta — — 20 ns
8 D Slave MISO Disable Time tois — — 22 ns
9 D |Data Valid After SCK Edge tysck — — 29 +0.5 - tg s ns
10 D |Data Valid After SS Fall tyss — — 29 +0.5 - tg 5% ns
11 D Data Hold Time (outputs) tho 20 — — ns
12 D Rise and Fall Time Inputs trEl — — 8.0 ns
13 D Rise and Fall Time Outputs trRro — — 8.0 ns

Notes

63.0.5 tgys added due to internal synchronization delay
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4.7 Thermal Protection Characteristics

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

Table 47. Thermal Characteristics

Ratings Symbol Min Typ Max Unit
VDDH/VDDA/VDDX High Temperature Warning (HTI)
Threshold ThTi 110 125 140 °C
Hysteresis THTLH 10
VDDH/VDDA/VDDX Over-temperature Shutdown
Threshold Tsp 155 165 180 °C
Hysteresis Tsp_ 10
LIN Over-temperature Shutdown TLiNSD 150 165 180 °C
LIN Over-temperature Shutdown Hysteresis TLINSD_HYS 20 °C

MM912_637, Rev. 3.0
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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, PTB3/LO, VSENSE, 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.

Table 48. Electromagnetic Compatibility

PTB3 with serial Rprgs

Ratings Symbol Value / Limit Unit
ESD - Human Body Model (HBM) following AEC-Q100 / JESD22-A114
(CZAP =100 pF, RZAP = 1500 Q)
- LIN (all GNDs shorted) Vhewm 18.0 kv
- All other Pins +2.0
ESD - Charged Device Model (CDM) following AEC-Q100
Corner Pins Veom +750 \%
All other Pins +500
ESD - Machine Model (MM) following AEC-Q100 (Czpp = 200 pF, Rzpp =0 Q), All
Pins VM +200 \Y
Latch-up current at T, = 125 °C(64) I AT +100 mA
ESD GUN - LIN Conformance Test Specification(65), unpowered, contact discharge.
(Czap= 150 pF, Rzpp =330 Q); LIN (no bus filter Cgys); VSENSE with serial + 6000 \%
RVSENSE; VSUP with CVSUP; PTB3 with serial RPTB3
ESD GUN - IEC 61000-4-2 Test Specification(66), unpowered, contact discharge.
(Czap= 150 pF, Rzpp =330 Q); LIN (no bus filter Cgys); VSENSE with serial + 6000 \
RVSENSE; VSUP with CVSUP; PTB3 with serial RPTB3
ESD GUN - 150106059, unpowered, contact discharge, Czap= 150 pF,
Rzap = 2.0 kQ; LIN (no bus filter Cgys); VSENSE with serial Rysense; VSUP with + 8000 \Y
CVSUP; PTB3 with serial RPTB3
ESD GUN - 1S010605®%), powered, contact discharge, C;ap= 330 pF, Rzap =
2.0 kQ; LIN (no bus filter Cgys); VSENSE with serial Rysense; VSUP with Cygyp; + 8000 \%

Notes

64.Input Voltage Limit=-25t0 7.5V

65.Certification available on request

66.Tested internally only, following the reference document test procedure.
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Functional Description and Application Information

5 Functional Description and Application Information

This chapter describes the MM912_637 dual die device functions on a block by block base. The following symbols are shown on
all module cover pages to distinguish between the module location being the MCU die or the analog die:

mnnnann. The documented module is physically located on the Analog die. This applies to Section 5.1, “MM912_637 - Analog
l. Die Overview" through Section 5.14, “Die to Die Interface - Target".

oooooom

ononnnn
[oooooo

The documented module is physically located on the Microcontroller die. This applies to Section 5.1, “MM912_637
;’.:g - Analog Die Overview" through Section 5.25, “MCU - Die-to-Die Initiator (D2DIV1)".

=
= =

TIREEOE

Sections concerning both die or the complete device will not have a specific indication (e.g. Section 6, “MM912_637 - Trimming").

5.0.1 Introduction

Many types of electronic control units (ECUs) are connected to and supplied from the main car battery in modern cars. Depending
on the cars mode of operation (drive, start, stop, standby), the battery must deliver different currents to the different ECUs. The
vehicle power management has several sub-functions, like control of the set-point value of the power generator, dynamic load

management during drive, start, stop, and standby mode.

The Application Specific Integrated Circuit (ASIC) allows for two application circuits, depending on whether the bias current of
the MM912_637 itself shall be included into the current measurement.

Battery Plus Pole ‘—*—} M
R [] — Ceat
SENSE
Battery Minus Pole
w o
] =)
ISENSEL z %)
| >
0
Rshunt >
LIN
ISENSEH & LIN
z
(@)
*1 T ™"

Chassis Ground ———

Figure 12. Typical IBS Application (Device GND = Chassis GND)
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Battery Plus Pole +

Battery Minus Pole ?
ISENSEL

Rshunt H
LIN LIN

ISENSEH

Z

L1 Cgar

RSENSE [

H

VSENSE
VSUP

— GND

cLIN

Chassis Ground —/——

|_<

T

Figure 13. Typical IBS Application (Device GND = Battery Minus)

The vehicle power system needs actual measurement data from the battery, mainly voltage, current, and temperature. Out of
these measurement data, it needs calculated characteristics, such as dynamic internal battery resistance. Therefore, an
intelligent battery sensor (IBS) module is required.

To efficiently measure the battery voltage, current, and temperature, the IBS module is directly connected to and supplied from
the battery. It is located directly on the negative pole of the battery; the supply of the IBS module comes from 'KL30'. The battery
current is measured via a low-ohmic shunt resistor, connected between the negative pole of the battery and the chassis ground
of the car. The battery voltage is measured at 'KL30'.

The data communication between the IBS module and the higher level ECU is done via a LIN interface.

The MM912_637 is able to measure its junction temperature. That temperature is the basis for a model in software that calculates
the battery temperature out of the junction temperature. An optional external temperature sense input is provided as well.

5.0.2

Table 49 shows the device register memory map overview.

Device Register Map

Table 49. Device Register Memory Map Overview

Address Module Size (Bytes)
0x0000-0x0003 PIM (port integration module) 4
0x0004—-0x0009 Reserved 6
0x000A—-0x000B MMC (memory map control) 2
0x000C-0x000D PIM (port integration module) 2
0x000E—0x000F Reserved 2
0x0010-0x0015 MMC (memory map control) 8
0x0016-0x0019 Reserved 2
0x001A-0x001B Device ID register 2
0x001C-0x001E Reserved 4

0x001F INT (interrupt module) 1
0x0020-0x002F DBG (debug module) 16
0x0030-0x0033 Reserved 4
0x0034—-0x003F CPMU (clock and power management) 12
0x0040-0x00D7 Reserved 152
0x00D8-0x00DF D2DI (die 2 die initiator) 8

MM912_637, Rev. 3.0

Freescale Semiconductor

39



5.0.3

Functional Description and Application Information

Table 49. Device Register Memory Map Overview (continued)

Address Module Size (Bytes)
0x00EO0—-0x00E7 Reserved 32
0x00E8—-0x00EF SPI (serial peripheral interface) 8
0x00F0—0x00FF Reserved 32
0x0100-0x0113 FTMRC control registers 20
0x0114—0x011F Reserved 12
0x0120-0x017F PIM (port integration module) 96
0x0180-0x01EF Reserved 112
0x01F0-0x01FC CPMU (clock and power management) 13
0x01FD-0x01FF Reserved g
0x0200-0x02FF D2DI (die 2 die initiator, blocking access window) 256
0x0300-0x03FF D2DI (die 2 die initiator, non-blocking write window) 256

NOTE

The reserved register space shown in Table 49 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.

Detailed Module Register Map

Table 50 to Table 63 show the detailed module maps of the MM912_637.

Address

0x0000

0x0001

0x0002

0x0003

0x0004-0
x0009

Address

0x000A

0x000B

Table 50. 0x0000—0x0009 Port Integration Module (PIM) 1 of 3

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R
PTA W PA7 PA6 PA5 PA4 PA3 PA2 PAl PAO
R 0 0 0 0 0 0
PTE PE1 PEO
W
R
DDRA W DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
R 0 0 0 0 0 0
DDRE DDRE1 DDREO
W
R 0 0 0 0 0 0 0 0
Reserved
W

Table 51. 0x000A—0x000B Memory Map Control (MMC) 1 of 2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R 0 0 0 0 0 0 0 0
Reserved
W
R 0 0 0 0 0 0 0
MODE W MODC
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Address

0x000C

0x000D

0x000E-0
X000F

Address

0x0010

0x0011

0x0012-0x
0014

0x0015

0x0016-0x
0019

Address

0x001A

0x001B

0x001C-0
X001E

0x001F

Address

0x0020

0x0021

0x0022

Name

PUCR

RDRIV

Reserved

Name

Reserved

DIRECT

Reserved

PPAGE

Reserved

Name

PARTIDH

PARTIDL

Reserved

IVBR

Name

DBGC1

DBGSR

DBGTCR

Functional Description and Application

Table 52. 0x000C—-0x000F Port Integration Module (PIM) Map 2 of 3

Information

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

R 0 0 0 0 0 0
BKPUE PDPEE
W
R 0 0 0 0 0 0
W RDRD RDRC
R 0 0 0 0 0 0 0 0
W
Table 53. 0x0010-0x0019 Memory Map Control (MMC) 2 of 2

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
W
R
W DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8
R 0 0 0 0 0 0 0 0
W
R 0 0 0 0
W PIX3 PIX2 PIX1 PIX0
R 0 0 0 0 0 0 0 0
W

Table 54. 0x001A—0x001E Miscellaneous Peripheral

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R PARTIDH
W
R PARTIDL
W
R 0 0 0 0 0 0 0 0
W

Table 55. 0x001F Interrupt Module (S12SINT)
IVB_ADDRJ[7:0]
Table 56. 0x0020—0x002F Debug Module (S12XDBG)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0
W ARM RIG BDM DBGBRK COMRV
R| TBF®) 0 0 0 0 SSF2 SSF1 SSFO
W
R 0 0 0 0
W TSOURCE TRCMOD TALIGN
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Functional Description and Application Information

Table 56. 0x0020—0x002F Debug Module (S12XDBG)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0
0x0023 DBGC2 ABCM
W,
R Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
0x0024 DBGTBH
W,
R Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0025 DBGTBL
W,
R| TBF®) 0 CNT
0x0026 DBGCNT
W,
R 0 0 0 0
0x0027 DBGSCRX W SC3 SC2 SC1 SCO
R 0 0 0 0 0 MC2 MC1 MCO
0x0027 DBGMFR
W,
R
0x0028(8)  DBGACTL W SZE sz TAG BRK RW RWE NDB COMPE
R 0
0x0028%  DBGBCTL W SZE sz TAG BRK RW RWE COMPE
R 0 0 0
0x0028(79) DBGCCTL W TAG BRK RW RWE COMPE
R 0 0 0 0 0 0
0x0029 DBGXAH W Bit 17 Bit 16
R
0x002A DBGXAM W Bit 15 14 13 12 11 10 9 Bit 8
R
0x002B DBGXAL W Bit 7 6 5 4 3 2 1 Bit 0
R
0x002C DBGADH W Bit 15 14 13 12 11 10 9 Bit 8
R
0x002D DBGADL W Bit 7 6 5 4 3 2 1 Bit 0
R
0x002E DBGADHM W Bit 15 14 13 12 11 10 9 Bit 8
R
0x002F DBGADLM W Bit 7 6 5 4 3 2 1 Bit 0
Notes
67.This bit is visible at DBGCNT([7] and DBGSR[7]
68.This represents the contents if the Comparator A control register is blended into this address.
69.This represents the contents if the Comparator B control register is blended into this address.
70.This represents the contents if the Comparator C control register is blended into this address.
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Address

0x0034

0x0035

0x0036

0x0037

0x0038

0x0039

0x003A

0x003B

0x003C

0x003D

0x003E

0x003F

Address

0x00D8

0x00D9

0xO00DA

0x00DB

0x00DC

0x000D

0x00DE

0x00DF

Name

CPMU
SYNR

CPMU
REFDIV

CPMU
POSTDIV

CPMUFLG

CPMUINT

CPMUCLKS

CPMUPLL

CPMURTI

CPMUCOP

Reserved

Reserved

CPMU
ARMCOP

Name

D2DCTLO

D2DCTL1

D2DSTATO

D2DSTAT1

D2DADRHI

D2DADRLO

D2DDATAHI

D2DDATALO

Functional Description and Application Information

Table 57. 0x0034—-0x003F Clock and Power Management (CPMU) 1 of 2

E - S S - - - T S S - R R S

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
VCOFRQ[1:0] SYNDIV[5:0]
0 0
REFFRQ[1:0] REFDIV[3:0]
0 0 0
POSTDIV[4:0]
LOCK UPOSC
RTIF PORF LVRF LOCKIF ILAF OSCIF
0 0 0 0 0
RTIE LOCKIE OSCIE
0 0 RTI COP
PLLSEL PSTP PRE PCE
OSCSEL OSCSEL
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
Bit 7 5 4 1 Bit 0
Table 58. 0x0O0D8-0x00DF Die 2 Die Initiator (D2DI) 1 of 3
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0
D2DEN D2DCW D2DSWAI D2DCLKDIV[1:0]
0 0 0
D2DIE TIMOUT[3:0]
ACKERF CNCLF TIMEF TERRF PARF PAR1 PARO
ERRIF
D2DIF D2DBSY 0 0 0 0 0 0
RWB S7Z8 0 NBLK 0 0 0 0
ADR([7:0]
DATA[15:8]
DATA[7:0]

=S T TPV DT D TP
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Address

0x00E8

0x00E9

Ox00EA

0x00EB

0x00EC

0x00ED

O0x00EE

O0x00EF

Address

0x0100

0x0101

0x0102

0x0103

0x0104

0x0105

0x0106

0x0107

0x0108

0x0109

0x010A

Name

SPICR1

SPICR2

SPIBR

SPISR

SPIDRH

SPIDRL

Reserved

Reserved

Name

FCLKDIV

FSEC

FCCOBIX

Reserved

FCNFG

FERCNFG

FSTAT

FERSTAT

FPROT

DFPROT

FCCOBHI

Functional Description and Application Information

£ T TPV DT DT

Table 59. 0x00E8—-0x00EF Serial Peripheral Interface (SPI)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0 0 0
XFRW MODFEN | BIDIROE SPISWAI SPCO
0 0
SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
SPIF 0 SPTEF MODF 0 0 0 0
R15 R14 R13 R12 R11 R10 R9 R8
T15 T14 T13 T12 T11 T10 T9 T8
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 T0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Table 60. 0x0100-0x0113 Flash Control & Status Register FTMRC
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
FDIVLD
FDIVLCK FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
KEYEN1 KEYENO RNV5 RNV4 RNV3 RNV2 SEC1 SECO
0 0 0 0 0
CCOBIX2 | CCOBIX1 | CCOBIX0
0 0 0 0 0 0 0 0
0 0 0 0
CCIE IGNSF FDFD FSFD
0 0 0 0 0 0
DFDIE SFDIE
0 MGBUSY RSVD MGSTAT1 | MGSTATO
CCIF ACCERR FPVIOL
0 0 0 0 0 0
DFDIF SFDIF
RNV6
FPOPEN FPHDIS FPHS1 FPHSO FPLDIS FPLS1 FPLSO
0 0 0
DPOPEN DPS3 DPS2 DPS1 DPSO
CCOB15 CCOB14 CCOB13 CCoB12 CCoB11 CCOB10 CCOB9 CCOB8

£ =DV D DB DD VDV DDV T D
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0x010B

0x010C-0
x010F

0x0110

0x0111-
0x0113

Address

0x0120

0x0121

0x0122-
0x017F

Address

0x01FO0

0x01F1

Ox01F2-
0x01F7

O0x01F8

0x01F9

0x01FA

0x01FB

0x01FC

FCCOBLO

Reserved

FOPT

Reserved

Name

PTIA

PTIE

Reserved

Name

Reserved

CPMU
LVCTL

Reserved

CPMU
IRCTRIMH

CPMU
IRCTRIML

CPMUOSC

CPMUPROT

Reserved

Functional Description and Application Information

Table 60. 0x0100-0x0113 Flash Control & Status Register FTMRC

R
W CcoB7 CCOB6 CCOB5 CCcoB4 CCOB3 CCOB2 CccoB1 CCOBO
R 0 0 0 0 0 0 0 0
W
R NV7 NV6 NV5 NV4 NV3 NV2 NV1 NVO
W
R 0 0 0 0 0 0 0 0
W
Table 61. 0x0120 Port Integration Module (PIM) 2 of 2
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
W PTIA7 PTIA6 PTIAS PTIA4 PTIA3 PTIA2 PTIAL PTIAO
R 0 0 0 0 0 0
PTIE1 PTIEO
Wi
R 0 0 0 0 0 0 0 0
Wi
Table 62. 0x01F0-0x01FF Clock and Power Management (CPMU) 20f 2
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
W
R 0 0 0 0 0 LVDS
LVIE LVIF
W
R 0 0 0 0 0 0 0 0
W
R 0 0
w TCTRIM[3:0] IRCTRIM[9:8]
R
IRCTRIM[7:0]
W
OSCPINS_
OSCE OSCBW EN OSCFILT[4:0]
W
R 0 0 0 0 0 0 0
PROT
W
R 0 0 0 0 0 0 0 0
W
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset(V Name 15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
R 0 0 0 0 0 ‘ 0 0 0
0x00 PCR_CTL W | HTIEM UVIEM HWRM 0 PFM[1:0] OPMM[1:0]
X
PCR Control Register R 0 0
| HTIE UVIE PF[1:0] OPM[1:0]
w HWR 0
0x02 PCR_SR (hi) R HTF UVF HWRF WDRF HVRF LVRF WULTCF | WLPMF
X
PCR Status Register W Write 1 will clear the flags
PCR_SR (Io) R WUAHTH WUCTHE | WUCALE | WULINE WUPTB3 | WUPTB2 | WUPTB1 | WUPTBO
0x03 F F F F F
PCR Status Register W Write 1 will clear the flags
R
PCR_PRESC \
0x04 - — PRESC[15:0]
PCR 1.0 ms prescaler R
w
PCR_WUE (hi) R
0x06 - WUAHTH | WUCTH | WUCAL WULIN | WUPTB3 | WUPTB2 | WUPTB1 | WUPTBO
Wake-up Enable Register w
PCR_WUE (lo) R 0 0 0 0 0 0 0
0x07 - WULTC
Wake-up Enable Register W
0x08 INT_SRC (hi) R TOV CH3 CH2 CH1 CHO LTI HTI uVvi
X
Interrupt source register w
0x09 INT_SRC (lo) R 0 0 CAL LTC CVMI RX X ERR
X
Interrupt source register W
INT_VECT R 0 0 0 0 IRQ[3:0]
0X0A !
Interrupt vector register w
R 0 0 0 0 0 0 0 0
0x0B Reserved
w
INT_MSK (hi) R
0x0C - TOVM CH3M CH2M CH1M CHOM LTIM HTIM UVIM
Interrupt mask register w
INT_MSK (lo) R 0 0
0x0D - CALM LTCM CVMM RXM TXM ERRM
Interrupt mask register W
TRIM_ALF (hi) R | PRDF 0 0 APRESC[12:8]
OxOE Trim for accurate 1.0 ms low
w
freq clock
TRIM_ALF (lo) R APRESCI7:0]
OxOF Trim for accurate 1.0 ms low
w
freq clock
R 0 0 0 0 0 0 0 0
0x10 WD_CTL W | WDTSTM WDTOM[2:0]
X
Watchdog control register R 0 0 0 0
| WDTST WDTO[2:0]
w
Ox12 WD_SR R 0 0 0 0 0 0 WDOFF | WDWO
X
Watchdog status register W
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Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/

Functional Description and Application Information

0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
0x13 Reserved
w
WD_RR R
0x14 - WDRJ[7:0]
Watchdog rearm register W
R 0 0 0 0 0 0 0 0
0x15 Reserved
w
R 0 0 0 0 0 0 0 0
0x16 Reserved
w
R 0 0 0 0 0 0 0 0
0x17 Reserved
w
SCIBD (hi) R 0
0x18 , LBkpIE | RXEDGI SBR12 | SBR1l | SBR10 | SBRO | SBR8
SCI Baud Rate Register W E
SCIBD (lo) R
0x19 - SBRY7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
SCI Baud Rate Register W
SCIC1 R 0 0
0x1A - LOOPS RSRC M ILT PE PT
SCI Control Register 1 W
SCIC2 R
0x1B - TIE TCIE RIE ILIE TE RE RWU SBK
SCI Control Register 2 W
ox1C SCISs1 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
TIOS R 0 0 0 0
0x20 Timer Input Capture/Output |,/ 10S3 1052 10S1 10S0
Compare Select
ox21 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 | OC3MO
Register
OC3D R 0 0 0 0
0x23 Output Compare 3 Data W OC3D3 OC3D2 OC3D1 OC3D0
Register
TCNT (hi) R
0x24 - -
Timer Count Register W
TCNT[15:0]
TCNT (lo) R
0x25
Timer Count Register W
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Functional Description and Application Information

Offset(™)

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/

0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Name

15 14 13 12 11
7 6 5 4 3

0x26

TSCR1

Py

Timer System Control Register
1

0

(=R N e}

o| o™

0x27

TTOV

TOV3

Timer Toggle Overflow Register

TOV2

TOV1

TOVO

0x28

TCTL1

Timer Control Register 1

OoMm3 oL3 OoM2 oL2 oM1

oL1

OMO

oLo

0x29

TCTL2

Timer Control Register 2

EDG3B EDG3A EDG2B EDG2A EDG1B

EDG1A

EDGOB

EDGOA

Ox2A

TIE

C3l

Timer Interrupt Enable Register

c2i

C1l

col

0x2B

TSCR2

ol s| 0|0 s 0 sl =

Timer System Control Register
2

=

TOI TCRE

PR2

PR1

PRO

0x2C

TFLG1

C3F

Main Timer Interrupt Flag 1

C2F

C1F

COF

0x2D

TFLG2

Main Timer Interrupt Flag 2

TOF

O0x2E

TCO (hi)

S0 =D

Timer Input Capture/Output
Compare Register 0

Ox2F

TCO (lo)

Timer Input Capture/Output
Compare Register 0

g | =m =

TCO[15:0]

0x30

TC1 (hi)

Timer Input Capture/Output
Compare Register 1

0x31

TC1 (lo)

Timer Input Capture/Output
Compare Register 1

TC1[15:0]

0x32

TC2 (hi)

Timer Input Capture/Output
Compare Register 2

0x33

TC2 (lo)

Timer Input Capture/Output
Compare Register 2

TC2[15:0]

0x34

TC3 (hi)

Timer Input Capture/Output
Compare Register 3

g |=m =

0x35

TC3 (I0)

Py

Timer Input Capture/Output
Compare Register 3

TC3[15:0]

0x36

TIMTST

Timer Test Register

g/ =

TCBYP
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Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/

Functional Description and Application Information

0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset(V Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
R 0 0 0 0
0x37 Reserved
LTC_CTL (hi) R 0 0 0 0 0 0 0 0
0x38 ife Ti
Life Time Cqunter 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
O0x3A ife Ti
Life Time Cpunter status w1 will or
register
R 0 0 0 0 0 0 0 0
0x3B Reserved
W
R
LTC_CNT1 \
0x3C N ) —— LTC[31:16]
Life Time Counter Register R
W
R
LTC_CNTO W
0x3E - - ) — LTC[15:0]
Life Time Counter Register R
W
R 0 0 0 0 0 0 0 0
x40 GPIO_CTL W DIR2M DIR1IM DIROM PE3M PE2M PE1M PEOM
X
GPIO control register R 0
W DIR2 DIR1 DIRO PE3 PE2 PE1 PEO
GPIO_PUC R 0 0 0 0
0x42 GPIO pull up/down W PDE3 PUE2 PUE1 PUEO
configuration
oxa3 GPIO_DATA R 0 0 0 0 PD3 PD2 PD1 PDO
X
GPIO port data register W
GPIO_INO R 0 0
0x44 . . . TCAP3 TCAP2 TCAP1 TCAPO SCIRX LINTX
Port 0 input configuration W
GPIO_OUTO R 0
0x45 . - WKUP | TCOMP3 | TCOMP2 | TCOMP1 | TCOMPO | SCITX LINRX
Port 0 output configuration w PTBX0
GPIO_IN1 R 0 0
0x46 - - - TCAP3 TCAP2 TCAP1 TCAPO SCIRX LINTX
Port 1 input configuration W
GPIO_OUT1 R 0
0x47 . . WKUP | TCOMP3 | TCOMP2 | TCOMP1 | TCOMPO | SCITX LINRX
Port 1 output configuration W PTBX1
GPIO_IN2 R 0 0
0x48 - - - TCAP3 TCAP2 TCAP1 TCAPO SCIRX LINTX
Port 2 input configuration w
GPIO_OUT2 R 0
0x49 - - WKUP | TCOMP3 | TCOMP2 | TCOMP1 | TCOMPO | SCITX LINRX
Port 2 output configuration W PTBX2
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
GPIO_IN3 R 0 0
Ox4A - - - PTWU PTWU TCAP3 TCAP2 TCAP1 TCAPO
Port 3 input configuration W
R 0 0 0 0 0 0 0 0
0x4B Reserved
w
R 0 0 0 0 0 0 0 0
0x4C Reserved
w
R 0 0 0 0 0 0 0 0
0x4D Reserved
W
R 0 0 0 0 0 0 0 0
Ox4E Reserved
w
R 0 0 0 0 0 0 0 0
Ox4F Reserved
w
R 0 0 0 0 0 0 0 0
0x50 LIN_CTL W | OTIEM TXDM LVSDM ENM SRSM[1:0]
X
LIN control register R 0 0
m OTIE TXD LVSD EN SRS[1:0]
Ox52 LIN_SR (hi) R oT 0 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 TX
0x53 -
LIN status register W
Ox54 LIN_TX R 0 0 0 0 0 0 FROMPT | FROMSC
LIN transmit line definiton | W B '
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 Reserved
w
R 0 0 0 0 0 0 0 0
0x57 Reserved
w
R 0 0 0 0 0 0 0 0
ox58 ACQ_CTL W | AHCRM | OPTEM | OPENEM | CVMIEM | ETMENM | ITMENM | VMENM | CMENM
X
Acquisition control register R 0
OPTE OPENE CVMIE ETMEN ITMEN VMEN CMEN
W | AHCR
OXEA ACQ_SR (hi) R AVRF PGAG VMOW CMOW ETM IT™M VM CM
X
Acquisition status register W Write 1 will clear the flags
OB ACQ_SR (lo) R | OPEN 0 0 VTH ETCHOP | ITCHOP | VCHOP | CCHOP
X
Acquisition status register W
R 0 0 0 0 0 0 0 0
ACQ_ACCL W | TcompPm VCOMP | CCOMP LPEENM ETCHOP | ITCHOP | CVCHOP AGENM
0X5C — M M M M M
Acquisition chain control 1 R
m TCOMP | VCOMP | CCOMP | LPFEN | ETCHOP | ITCHOP | CVCHOP | AGEN
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
OXEE ACQ_ACCO W | ZEROM | ECAPM | TADCGM | VADCGM | CADCGM | TDENM | VDENM | CDENM
X
Acquisition chain control 0 R
m ZERO ECAP TADCG | VADCG | CADCG TDEN VDEN CDEN
ACQ_DEC R 0 0 0 0 0
0x60 DECJ2:0]
Decimation rate W
ACQ_BGC R 0 0 BG3EN BG2EN BG1EN
0x61 BGADCJ1:0] BGLDO
BandGap control W
ACQ_GAIN R 0 0 0 0 0
0x62 - IGAIN[2:0]
PGA gain W
ACQ_GCB R
0x63 D[7:0]
GCB threshold W
ACQ_ITEMP (hi) R ITEMP[15:8]
Ox64 Internal temperature W
measurement
ACQ_ITEMP (lo) R ITEMP[7:0]
0x65 Internal temperature W
measurement
ACQ_ETEMP (hi) R EEMP[15:8]
0x66 External temperature W
measurement
ACQ_ETEMP (lo) R EEMPI[7:0]
0x67 External temperature W
measurement
R 0 0 0 0 0 0 0 0
0x68 Reserved
w
ACQ_CURR1 R CURRJ[23:16]
0x69
Current measurement w ‘ ‘ ‘
R CURRJ[15:8]
ACQ_CURRO w | | |
Ox6A
Current measurement R CURR[7:0]
w
| | |
R VOLT[15:8]
ACQ_VOLT w ‘ ‘ ‘
0x6C
Voltage measurement R VOLT[7:0]
w |
ACQ_LPFC R 0 0 0 0
Ox6E Low pass filter coefficient |,/ LPFC[3:0]
number
R 0 0 0 0 0 0 0 0
0x6F Reserved
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
R
ACQ_TCMP W
0x70 Low power trigger current R TCMP[15:0]
measurement period
w
ACQ_THF R
0x72 Low power current threshold W THF[7:0]
filtering period
R 0 0 0 0 0 0 0 0
0x73 Reserved
w
ox74 ACQ_CVCR (hi) R 0 0 0 0 0 0 0 0
X
I and V chopper control register | W DBTMI[1:0] IIRCM[2:0] PGAFM
ACQ_CVCR (lo) R 0 0
0x75 - DBT[1:0] IIRC[2:0] PGAF
I and V chopper control register | W
ACQ_CTH R
0x76 CTHI[7:0]
Low power current threshold | W
R 0 0 0 0 0 0 0 0
0x77 Reserved
w
ACQ_AHTH1 (hi) R 0
0x78 Low power Ah counter W
threshold AHTH[30:16]
ACQ_AHTHL1 (lo) R
0x79 Low power Ah counter W
threshold
ACQ_AHTHO (hi) R
Ox7A Low power Ah counter W
threshold
AHTH[15:0]
ACQ_AHTHO (lo) R
0x7B Low power Ah counter W
threshold
ACQ_AHC1 (hi) R AHC[31:24]
0x7C
Low power Ah counter W ‘ ‘ ‘ ‘
ACQ_AHC1 (lo) R AHC[23:16]
0x7D
Low power Ah counter w ‘ ‘ ‘ ‘
ACQ_AHCO (hi) R AHC[15:8]
OX7E
Low power Ah counter w I I I I
ACQ_AHCO (lo) R AHCJ[7:0]
OX7F
Low power Ah counter W ‘ ‘ ‘ ‘
LPF_AO (hi) R
0x80
AO filter coefficient w
AO0[15:0]
LPF_AO (lo) R
0x81
A0 filter coefficient w
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 1 10 9
7 6 5 4 3 2 1
LPF_A1 (hi) R
0x82 - —
Al filter coefficient W
A1[15:0]
LPF_A1 (lo) R
0x83
Al filter coefficient W
LPF_A2 (hi) R
0x84 - —
A2 filter coefficient W
A2[15:0]
LPF_A2 (lo) R
0x85 - -
A2 filter coefficient W
LPF_A3 (hi) R
0x86
A3 filter coefficient W
A3[15:0]
LPF_A3 (lo) R
0x87 - —
A3 filter coefficient W
LPF_A4 (hi) R
0x88 - -
A4 filter coefficient W
A4[15:0]
LPF_A4 (lo) R
0x89
A4 filter coefficient W
LPF_A5 (hi) R
Ox8A
A5 filter coefficient W
A5[15:0]
LPF_A5 (lo) R
0x8B - -
A5 filter coefficient W
LPF_A6 (hi) R
0x8C
AG filter coefficient W
AB[15:0]
LPF_AG6 (lo) R
0x8D
AG filter coefficient W
LPF_A7 (hi) R
Ox8E - -
A7 filter coefficient W
A7[15:0]
LPF_A7 (lo) R
Ox8F
AT filter coefficient W
LPF_A8 (hi) R
0x90
A8 filter coefficient W
AB8[15:0]
LPF_A8 (lo) R
0x91 - -
A8 filter coefficient W
LPF_A9 (hi) R
0x92 - —
A9 filter coefficient W
A9[15:0]
LPF_A9 (lo) R
0x93 - —
A9 filter coefficient W
LPF_A10 (hi) R
0x94 - —
A10 filter coefficient W
A10[15:0]
LPF_A10 (lo) R
0x95
W

A10 filter coefficient
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/

0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
LPF_A11 (hi) R
0x96 - -
A11 filter coefficient W
A11[15:0]
LPF_A11 (lo) R
0x97
A11 filter coefficient w
LPF_A12 (hi) R
0x98
A12 filter coefficient W
A12[15:0]
LPF_A12 (lo) R
0x99 - -
A12 filter coefficient W
LPF_A13 (hi) R
0x9A
A13 filter coefficient w
A13[15:0]
LPF_A13 (lo) R
0x9B
A13 filter coefficient W
LPF_A14 (hi) R
0x9C - -
A14 filter coefficient W
A14[15:0]
LPF_A14 (lo) R
0x9D
A14 filter coefficient w
LPF_A15 (hi) R
Ox9E
A15 filter coefficient W
A15[15:0]
LPF_A15 (lo) R
Ox9F - —
A15 filter coefficient W
R 0 0 0 0 0 0 0
OXAD COMP_CTL w BGCALM[1:0] PGAZM | PGAOM | DIAGVM | DIAGIM CALIEM
X
Compensation control register | R CALIE
m BGCAL[1:0] PGAZ PGAO DIAGV DIAGI
OXA COMP_SR R 0 BGRF 0 PGAOF 0 0 0 CALF
X
Compensation status register | W Write 1 will clear the flag
COMP_TF R 0 0 0 0 0
0xA3 —— - TMF[2:0]
Temperature filtering period | W
R
COMP_TMAX w
OxA4 T TCMAX[15:0]
Max temp before recalibration | R
W
R
COMP_TMIN w
0xA6 ) - o — TCMIN[15:0]
Min temp before recalibration | R
W
R 0 0 0 0 0 0 0 0
0xA8 Reserved
W
R 0 0 0 0 0 0 0 0
0xA9 Reserved
W
COMP_VO R
OxAA W VOCJ[7:0]

Offset voltage compensation
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Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Functional Description and Application Information

Offset() Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
COMP_IO R
0xAB - COCJ[7:0]
Offset current compensation | W
R 0 0 0 0 0 0
COMP_VSG W VSGC[o:8]
OxAC Gain voltage compensation R
vsense channel VSGC[?O]
w
R 0 0 0 0 0 0 0 0
OXAE Reserved
W
R 0 0 0 0 0 0 0 0
OxAF Reserved
w
R 0 0 0 0 0 0
IGC4[9:8]
COMP_IG4 W
0xB0O ) .
Gain current compensation 4 | R
IGCA4[7:0]
w
R 0 0 0 0 0 0
IGC8[9:8]
COMP_IG8 \
0xB2 ) - .
Gain current compensation 8 | R
—— IGC8[7:0]
w
R 0 0 0 0 0 0
1GC16[9:8]
COMP_IG16 W
0xB4 ) - )
Gain current compensation 16 | R
— IGC16[7:0]
w
R 0 0 0 0 0 0
1GC32[9:8]
COMP_IG32 \
0xB6 ) )
Gain current compensation 32 | R
—— IGC32[7:0]
w
R 0 0 0 0 0 0
IGC64[9:8]
COMP_IG64 \
0xB8 ) - )
Gain current compensation 64 | R
—— IGC64[7:0]
w
R 0 0 0 0 0 0
1GC128[9:8]
COMP_IG128 W
OxBA ) - )
Gain current compensation 128 | R
— IGC128[7:0]
w
R 0 0 0 0 0 0
1GC256[9:8]
COMP_IG256 \
0xBC ) )
Gain current compensation 256 | R
—— IGC256[7:0]
w
R 0 0 0 0 0 0
IGC512[9:8]
COMP_IG512 \
OxBE ) - )
Gain current compensation 512 | R
m IGC512[7:0]
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

offset(71) Name 14 13 12 11 10 9
6 5 4 3 2 1
R 0 0
PGAOCA4[10:8]
COMP_PGAO4 w
0xCO - .
Offset PGA compensation 4 | R
— PGAOCA4[7:0]
w
R 0 0 0 0
PGAOCS8[10:8]
COMP_PGAOS8 W
0xC2 )
Offset PGA compensation 8 | R
—— PGAOCS8[7:0]
w
R 0 0 0 0
PGAOC16[10:8]
COMP_PGAO16 W
0xC4 - .
Offset PGA compensation 16 | R
—| PGAOC16[7:0]
w
R 0 0 0 0
PGAOC32[10:8]
COMP_PGAO32 W
0xC6 - .
Offset PGA compensation 32 | R
— PGAOC32[7:0]
w
R 0 0 0 0
PGAOC64[10:8]
COMP_PGAO64 W
0xC8 .
Offset PGA compensation 64 | R
— PGAOC64[7:0]
w
R 0 0 0 0
PGAOC128[10:8]
COMP_PGAO128 W
OxCA - )
Offset PGA compensation 128 | R
— PGAOC128[7:0]
w
R 0 0 0 0
PGAOC256[10:8]
COMP_PGAO256 W
0xCC - .
Offset PGA compensation 256 | R
— PGAOC256[7:0]
w
R 0 0 0 0
PGAOC512[10:8]
COMP_PGAO512 W
O0xCE )
Offset PGA compensation 512 | R
— PGAOC512[7:0]
w
COMP_ITO R
0xDO Internal temp. offset W ITOC[7:0]
compensation
COMP_ITG R
0xD1 Internal temp. gain W ITGC[7:0]
compensation
COMP_ETO R
0xD2 External temp. offset W ETOC[7:0]
compensation
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/

0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
COMP_ETG R
OxD3 External temp. gain W ETGC[7:0]
compensation
R 0 0 0 0 0 0 0 0
0xD4 Reserved
W
R 0 0 0 0 0 0 0 0
0xD5 Reserved
W
R 0 0 0 0 0 0 0 0
0xD6 Reserved
W
R 0 0 0 0 0 0 0 0
0xD7 Reserved
W
R 0 0 0 0 0 0 0 0
0xD8 Reserved
W
R 0 0 0 0 0 0 0 0
0xD9 Reserved
W
R 0 0 0 0 0 0 0 0
OxDA Reserved
W
R 0 0 0 0 0 0 0 0
0xDB Reserved
W
R 0 0 0 0 0 0 0 0
0xDC Reserved
W
R 0 0 0 0 0 0 0 0
0xDD Reserved
W
R 0 0 0 0 0 0 0 0
OxDE Reserved
W
R 0 0 0 0 0 0 0 0
OxDF Reserved
W
TRIM_BGO (hi) R 0 0
OxEO - TCIBG2[2:0] TCIBG1[2:0]
Trim bandgap 0 W
TRIM_BGO (lo) R 0 0
OxE1l - IBG2[2:0] IBG1[2:0]
Trim bandgap 0 w
TRIM_BG1 (hi) R
OxE2 - UBG3 DBG3 TCBG2[2:0] TCBG1[2:0]
Trim bandgap 1 W
TRIM_BG1 (lo) R 0 0 0 0 0
OxE3 - SLPBG[2:0]
Trim bandgap 1 W
TRIM_BG2 (hi) R
OxE4 - V1P2BG2[3:0] V1P2BG1[3:0]
Trim bandgap 2 w
TRIM_BG2 (lo) R
OXE5 : V2P5BG2[3:0] V2P5BG1[3:0]
Trim bandgap 2 W
TRIM_LIN R 0 0 0 0 0 0 0
OxE6 LIN
Trim LIN W
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Functional Description and Application Information

Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Offset() Name 15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
TRIM_LVT R 0 0
OXE7 - LVT
Trim low voltage threshold W
TRIM_OSC (hi) R
OXE8
Trim LP oscillator w
LPOSC[12:0]
TRIM_OSC (lo) R
OxE9
Trim LP oscillator W
R 0 0 0 0 0 0 0 0
OxEA Reserved
W
R 0 0 0 0 0 0 0 0
OxEB Reserved
W
R 0 0 0 0 0 0 0 0
OxXEC Reserved
W
R 0 0 0 0 0 0 0 0
OxED Reserved
W
R 0 0 0 0 0 0 0 0
OxXEE Reserved
W
R 0 0 0 0 0 0 0 0
OxEF Reserved
W
R 0 0 0 0 0 0 0 0
0xFO Reserved
W
R 0 0 0 0 0 0 0 0
OxF1 Reserved
W
R 0 0 0 0 0 0 0 0
OxF2 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
OxF5 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
O0xF9 Reserved
W
R 0 0 0 0 0 0 0 0
OxFA Reserved
W
R 0 0 0 0 0 0 0 0
OxFB Reserved
W
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Table 63. Analog die Registers - 0x0200-0x02FF D2D Blocking Access (D2DI) 2 of 3/
0x0300-0x03FF D2D Non Blocking Access (D2DI) 3 of 3

Functional Description and Application Information

Offset() Name 15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
R 0 0 0 0
OxFC Reserved
w
R 0 0 0 0 0 0 0 0
OxFD Reserved
w
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
71.Register Offset with the “lo” address value not shown have to be accessed in 16-Bit mode. 8-Bit access will not function.
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MM912_637 - Analog Die Overview

5.1 MM912 637 - Analog Die Overview uaann,
51.1 Introduction ~rrovmne

The MM912_637 analog die implements all system base functionality to operate the integrated microcontroller, and delivers
application specific input capturing.
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Figure 14. Analog Die Block Overview

The following chapters describe the analog die functionality on a module by module basis.

5.1.2 Analog Die Options

NOTE

This document describes the features and functions of Analog Option 2 (all modules
available and tested). Beyond this chapter, there will be no additional note or differentiation
between the different implementations.

The following section describes the differences between analog die options 1 and 2.
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Table 64. Analog Options (continued)

Feature Analog Option 1 Analog Option 2
Cranking Mode Not Characterized or Tested Fully Characterized and Tested
External Wake-up (PTB3/LO0) No Yes
External Temperature Sensor Option (VTEMP) No Yes
Optional 2nd External Voltage Sense Input (VOPT) No Yes

5.1.2.1 Cranking Mode

For devices with Analog Option 1 (Cranking mode not characterized), the following considerations are to be made:

51211 Data Sheet Considerations

In Analog Option 1 devices, Operation in Cranking mode is neither characterized not tested. All data sheet parameters and
descriptions relating to Cranking mode operation apply to Analog Option 2 devices only.

5.1.2.2 External Wake-up (PTB3/L0)

For devices with Analog Option 1 (External Wake-up not available), the following considerations are to be made:

5.1.2.2.1 Register considerations

Table 65. Wake-up Enable Register (PCR_WUE (hi))

Offset ("2 0x06 Access: User read/write
7 6 5 4 3 2 1 0
R
W WUAHTH WUCTH WUCAL WULIN WUPTB3 WUPTB2 WUPTB1 WUPTBO
Reset 0 0 0 0 0 0 0 0
Notes

72.0ffset related to 0x0200 for blocking access and 0x300 for non-blocking access within the global address space.
For Analog Option 1 devices, WUPTB3 must be set to 0 (wake-up on a GPIO 3 event disabled).

5.1.2.3 External Temperature Sensor Option (VTEMP)

For devices with Analog Option 1 (External Temperature Sensor Option not available), the following considerations are to be
made:

5.1.23.1 Pinout Considerations

Pin Pin Name for Option 2 | Pin Name for Option 1 Comment

NC pin should be
connected to GND

Pin should be left
unconnected

28 VTEMP NC

29 TSUP NC
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5.1.2.3.2

Register Considerations

Offset (73),(74) ox58

Reset

Notes

Table 66. Acquisition Control Register (ACQ_CTL)

Access: User read/write

15 14 13 12 11 10 9 8

0 0 0 0 0 0 0 0
AHCRM OPTEM OPENEM CVMIEM ETMENM ITMENM VMENM CMENM

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

0

OPTE OPENE CVMIE ETMEN ITMEN VMEN CMEN

AHCR

0 0 0 0 0 0 0 0

73.0Offset related to 0x0200 for blocking access and 0x300 for non-blocking access within the global address space.
74.This regqister is 16-bit access only.

For Analog Option 1 devices, ETMEN must be set to 0 (external temperature measurement disabled).

5124 Optional 2nd External Voltage Sense Input (VOPT)
For devices with Analog Option 1 (Optional 2nd External Voltage Sense Input not available), the following considerations are to
be made:
5.1.24.1 Pinout Considerations

Pin Pin Name for Option 2 | Pin Name for Option 1 Comment

NC pin should be

28 VOPT NC connected to GND

5.1.2.4.2 Register Considerations

Offset (79),(78) ox58

Table 67. Acquisition Control Register (ACQ_CTL)

Access: User read/write

15 14 13 12 1 10 9 8
R 0 0 0 0 0 0 0 0
w AHCRM OPTEM OPENEM CVMIEM ETMENM ITMENM VMENM CMENM
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R 0
OPTE OPENE CVMIE ETMEN ITMEN VMEN CMEN
w AHCR
Reset 0 0 0 0 0 0 0 0

Notes
75.0ffset related to 0x0200 for blocking access and 0x300 for non-blocking access within the global address space.
76.This register is 16-bit access only.

For Analog Option 1 devices, OPTE must be set to 0 (VSENSE routed to ADC).
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5.2 Analog Die - Power, Clock and Resets - PCR gunnnn,
521 Introduction “mrrmr

The following chapter describes the MM912_637’s system base functionality primary location on the analog die. The chapter is
divided in the following sections:
1. 5.2.2,“Device Operating Modes"
5.2.3, “Power Management"
5.2.4, “Wake-up Sources"
5.2.5, “Device Clock Tree"
5.2.6, “System Resets"
5.2.7, “PCR - Memory Map and Registers"

ok wN

5.2.2 Device Operating Modes

The MM912_637 features three main operation modes: normal operation, stop mode, and sleep mode.

The full signal conditioning and measurements are permanently running in normal operation mode. The total current consumption
of the MM912_637 is reduced in the two low power modes.

The analog die of the MM912_637 is still partially active and able to monitor the battery current, temperature, activities on the
LIN interface and LO terminal, during both low power modes.

5.2.2.1 Operating Mode Overview

e Normal Mode
— All device modules active
— Microcontroller fully supplied
— D2DCLK active analog die clock source
— Window watchdog clocked by the low power oscillator (LPCLK) to operate on independent clock
e  Stop Mode
— MCU in low power mode, MCU regulator supply (VDDX) with reduced current capability
— D2D interface supply disabled (VDDH=OFF)
— Unused analog blocks disabled
— Watchdogs = OFF
— LIN wake-up, calibration request wake-up, cyclic wake-up, external wake-up, current threshold wake-up, and
lifetime counter wake-up optional
— Current Measurement / current averaging and temperature measurement optional
¢  Sleep Mode
— MCU powered down (VDDH and VDDX = OFF)
— Unused Analog Blocks disabled
— Watchdogs = OFF
— LIN wake-up, calibration request wake-up, cyclic wake-up, external wake-up, current threshold wake-up, and
lifetime counter wake-up optional
— Current measurement / current averaging and temperature measurement optional
¢ Intermediate Mode
— Every transition from Stop or Sleep into Normal mode will go through an intermediate mode where the analog die
clock is not yet switched to the D2D clock. If required, the MM912_637 analog die can be put back to low power
mode without changing the frequency domain.
¢ Reset Mode
— Every reset source within the analog die will bring the system into a Reset state
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Analog Die - Power, Clock and Resets - PCR

¢ Power On Reset Mode
— For both low voltage thresholds are defined to indicate a loss of internal state.

»  Cranking Mode("
— Special Mode implemented to guarantee the RAM content being valid though very low power conditions.

Notes
77.Not available on all device derivatives

5.2.2.2 Operating Mode Transitions

The device operating modes are controlled by the microcontroller, as well as external and internal wake-up sources. Figure 15

shows the basic principal.
ANALOG: VDDL > Vp, P

ORH .
MCU: VDDRX>Vrorp ANALOG: VDDL < Vpogre

MCU: VDDRX<Vpora

ANALOG: VDDL < Vpogre
MCU: VDDRX<Vpora

Cranking
Event

Reset Event Reset Event RESET

Event

RESET

Cranking Event
gone

Cranking
Event MCU

Cranking
Event

Intermediate
Mode
y Wake-up

Normal Mode

Intermediate
Mode
N
\

Wake-up Event
Event | / (MCU
MCU IRQ MCU MCU Power On)

\ i McU McU |

| 1 /
Stop Mode Sleep Mode
*) Cranking Mode not available on all device derivatives

Figure 15. Modes of Operation - Transitions

52.2.3 Power On Reset - POR

During system startup, or in any other case when MCU_VDD drops below VPORA (MCU), or VDDL drops below VPORL (analog
die), a Power On Reset (POR) condition is reached. The MCU (PORF) / analog die (LVRF) will indicate this state, setting the
corresponding power on reset flag. The primary consequence of entering POR is that the RAM or analog register content can no
longer be guaranteed.

MM912_637, Rev. 3.0

Freescale Semiconductor 64



Analog Die - Power, Clock and Resets - PCR

5.2.2.4 RESET - Mode

If any of the analog die reset conditions are present, the MM912_637 analog die will enter Reset mode. During that mode, the
analog die will issue the RESET_A pin to be pulled down to reset the microcontroller die. Entering Reset mode will reset the
analog die registers to their default values.

The cause of the last reset is flagged in the PCR Status Register (PCR_SR (hi)).

5225 Normal Mode

During Normal mode operation, all modules are operating and the microcontroller is fully supplied.

5.2.2.6 Cranking Mode

A specific power down behavior has been implemented to allow the MCU memory (RAM) content to be guaranteed during very
low supply voltage conditions. The difference between the device behavior, with or without the cranking mode feature enabled,
is described in Section 5.2.3.3, “Power Up / Power Down Behavior".

Notes
78.Not available on all device derivatives

5227 Intermediate Mode

As the channel acquisition and the timer modules are switched to the LPCKL, while the MM912_637 is operating in one of the
two low power modes, the Intermediate mode has been implemented, to be able to go back to low power mode without the
transition into the D2D Clock domain.

NOTE

The flag indicating the last wake-up source must be cleared before re-entering low power
mode!

Once awakened, the MCU instructs the analog die to transit to Normal mode by writing “00” to the OPM bits in the PCR Control
Register. See Figure 16 for details.
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%gﬁ '\_"%'i'é SLEEP MODE
o VDDH & VDDX = OFF
VDDX = Limited — <
- TIM/ AQ = LPCLK
TIM/ AQ = LPCLK MCU = OFF
MCU = STOP -
Event Event
'NTEF“\"/E%'QT%“SODE INTERMEDIATE MODE
“01” : _ 1.VDDH&VDDX=ON | ("
2. VDDX = Full 2. MCU => Power On
3. MCU=>IRQ . -

v

v

MCU can access D2D
TIM/ AQ are still on LPCLK domain
(e.g. check Wake-up source)

Write OPM[1:0] Bits in the PCR Control Register

|
‘0

\

NORMAL MODE
TIM/ AQ = based on D2D Clock

Figure 16. Low Power Mode to Normal Mode Transition through the Intermediate Mode

5.2.2.8 Low Power Modes

In low power mode, the MM912_637 is still active to monitor the battery current (triggered current measurement for current
threshold detection and current accumulator function), and activities on the LIN interface and wake-up inputs. A cyclic wake-up
using timer module is implemented for timed wake-up. Temperature measurements are optional to detect an out of calibration
condition.

The Life Time counter is also incremented during Low Power mode, to issue a Wake-up on overflow. See Section 5.13, “Life Time
Counter (LTC)" for additional details.

The average current consumption is reduced, and based on the actual low power mode, the active modules, and the wake-up
timing.
NOTE

To avoid any lock condition, no analog die interrupt should be enabled or pending when
entering LPM. To accomplish that condition, the analog die interrupts should be masked and
served before writing the PCR_CTL register.

The MCU interrupts should be enabled right before the STOP command, to avoid any
interrupt to be handled in between.

A wake-up from any of the low power modes will reset the window watchdog equal to a
standard reset.

5.2.2.8.1 Sleep Mode

Writing the PCR Control Register (PCR_CTL) with OPM=10, the MM912_637 will enter Sleep mode with the configured wake-up
sources (see Section 5.2.4, “Wake-up Sources").

NOTE

The power supply to the MCU will be turned off during Sleep mode. To safely approach this
condition, the MCU should be put into a safe state (e.g STOP).
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During Sleep mode, the only active voltage regulator is VDDL, supplying the low power oscillator (LPOSC), and the permanently
supplied digital blocks.

When an enabled wake-up condition occurs, the shutdown voltage regulators are re-enabled, and once their outputs are above
reset threshold, the RESET_A signal is released, and the microcontroller will start its normal operation. The wake-up source is
flagged in the PCR Status Register (PCR_SR (hi)).

The microcontroller has to acknowledge the Normal mode, by writing the OPM=00, to allow a controlled transition into the D2D
Clock domain. If the clock domain transition is not required, the microcontroller may issue a sleep / stop mode entry instead (see
Section 5.2.5, “Device Clock Tree" for details on the limitations during the intermediate state).

5.2.2.8.2 Stop Mode

Writing the PCR Control Register (PCR_CTL) with OPM=01, the MM912_637 analog die will enter Stop mode with the configured
wake-up sources (see Section 5.2.4, “Wake-up Sources"), after the D2DCLK signal has been stopped by the MCU die entering
Stop.

NOTE

After writing the PCR Control Register (PCR_CTL) with OPM=01, the register content of the
SCI (S08SCIV4) and TIMER (TIM16B4C) module registers are only read until Normal mode
is entered again. This is important in case the MCU does not effectively enter STOP, due to
an IRQ pending from one of the two blocks. (Having any analog die IRQ allowed when
entering Low Power mode is not recommended).

During Stop mode, the MM912_637 has the same behavior as during Sleep mode, except VDDX is still powered by the internal
Clamp_5v, to supply the MCU STOP mode current. As this current is limited, the MCU die must be switched into STOP mode
after sending the Stop command for the analog die.

If any enabled wake up condition occurs, the shutdown voltage regulators are re-enabled, and once their outputs are above the
reset threshold, VDDX is switched to the main regulator, an D2D interrupt (D2DINT) is issued to wake-up the MCU, and the
microcontroller will continue its normal operation. The wake-up source is flagged in the PCR Status Register (PCR_SR (hi)).

The microcontroller has to acknowledge the Normal mode by writing the OPM=00. This allows a controlled transition into the D2D
Clock domain. If the clock domain transition is not required, the microcontroller may issue a sleep / stop mode entry instead (see
Section 5.2.5, “Device Clock Tree" for details on the limitations during the intermediate state).

NOTE

After writing the PCR Control Register (PCR_CTL) with OPM=01, writing OPM=00 (Normal
mode) is allowed to wake-up the analog die. The reduced current capability of the MCU
regulator supply (VDDX) has to be considered.
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5.2.3 Power Management

To support the various operating modes and modules in the MM912_637, the following power management architecture has been
implemented.

VvDDL

VDDL k—

Flash

LVRA
Vivran ! Viveay
I

LVRX
Vivexi / Vives
LVRH
Vivrin / Viven

Figure 17. System Voltage Monitoring
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D2D
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VDDX

?0

R

DD

POR VDDD2D VDDH

Vrora / Veorp

Core

MCU

VDDH

Analog Die

5.2.3.1 Detailed Power Block Description

See recommended external components under Section 3.2, “Recommended External Components'”.

5.23.11 VSUP

VSUP is the system power supply input, and must be reverse battery protected by an external diode. VSUP is monitored for
under-voltage conditions (UVI). Once VSUP drops below V,_ an under-voltage interrupt (LVI) is issued.

NOTE

If the device has the cranking mode feature enabled, the under-voltage threshold would be
VUVC|L instead of VUVlL'

5.23.1.2 VDDL

VDDL is the low power 2.5 V digital supply voltage, supplying the permanently active blocks. It is based on the internal Clamp5v
voltage and always on. It is available externally, but must not be connected to any load.

5.2.3.1.3 VDDX

VDDX is the Normal mode 5.0 V regulator output, suppling the LIN block and the microcontroller via the VDDX pin. During STOP
and SLEEP mode operation, the VDDX regulator is shut down (Clamp5v does supply the MCU during STOP mode).

5.2314 VDDH

VDDH is the Normal mode 2.5 V regulator output, suppling only active blocks during Normal mode and the MCU Die to Die
Interface, via the VDDH terminal. The VDDH regulator is shut down during both low power modes.

5.2.3.15 VDDA

VDDA is the 2.5 V analog supply voltage, active during Normal mode and I/T acquisitions. No external load must be connected
to the VDDA terminal.
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5.2.3.2 Power Supply by Module

The following table summarized the active regulators vs. module for the different operating modes.

Table 68. Power Supply by Module

Module / Block VDDH VDDA VDDL VDDX

Gain Control Block (GCB)(9) X
Programmable Gain Amplifier (PGA)®©0)
I/T - ADC Converters®?

V - ADC Converters(’9)

Temperature Sensor®?

LING®) X X
D2D("9) X
LPOSC®Y X
Permanent Digital®D X
Normal Mode Digital("®) X

X[ X[ X[ X[ X

Notes

79.Enabled in Normal Mode only

80.Enabled when a measuring in Low Power mode and always in Normal mode
81.Permanently enabled

5.2.3.3 Power Up / Power Down Behavior

Several system voltage monitors have been implemented in both die, to guarantee a defined power up and power down system
behavior. See Figure 17 for the various sensing points. The individual threshold levels are specified in Table 16 for the analog
die, and Table 25 for the microcontroller.

NOTE
To differentiate between the MCU and analog die thresholds, the following symbol scheme
is defined:

Vyxa - MCU Assert Level (lower threshold for low voltage events)

VyxxxD - MCU Deassert Level (higher threshold for low voltage events)

VyxxxH - Analog Die High Threshold Level (deassert threshold for low voltage events)
Vol - Analog Die Low Threshold Level (assert threshold for low voltage events)

5.2.34 Low Voltage Operation - Cranking Mode Device Option

Based on the device option (“Cranking” or “Non-cranking”), the MM912_637 will behave different during “Loss of Power”
conditions. The “Cranking” option is an option, allowing lower voltage operations to guarantee the MCU memory content during
a standard cranking situation.

As illustrated in Figure 18, the cranking mode is introduced to maintain both die in a STOP mode alike state. The MCU die will
remain in STOP with the RAM content being guaranteed until the PORA level is reached for the VDDRX supply.

The analog die will enter “Cranking Mode” upon the MCU command out of Normal Mode, or when it reaches V¢, during STOP
Mode, with the LVT bit set in the TRIM_LVT register.
NOTE

Executing STOP with VSUP < V¢ and LVT =1, the MM912_637 will immediately enter
Cranking Mode.

During Cranking Mode, the analog die will gate its internal oscillator to stop all ongoing acquisitions during the low power
condition. Returning from Cranking mode will appear as a wake-up from under-voltage interrupt (UVI=1). The analog die will be
in Intermediate mode after wake-up, and could be sent into Normal mode (Stop, Sleep), by writing the OPM bits.
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Figure 18. Power Down Sequence
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5.2.4 Wake-up Sources

Several wake-up sources have been implemented in the MM912_637, to exit from Sleep or Stop mode.
Figure 19 shows the wake-up sources and the corresponding configuration and status bits.

To indicate the internal wake-up signal, a routing of the internal wake-up signal to the PTBx output (WKIP) is implemented. See
Section 5.10, “General Purpose I/0O - GPIO", for additional details on the required configuration.

GPIO
WKUP |«
TIMACH TCOMP3..0
PTBO
> Vo WUPTBO }—»N
Output Compare CH3 >
TCOMP3..0 J
Output Compare CH2 Sytem
o C CH1 e e
utput Compare >
€ Vo WUPTB1 F»j up
Output Compare CHO TCOMP3.0 J
> PTB2 T
: 110 WUPTB2 \ = » WLPMF
J WUPTBOF
| WUPTBLF |
PTWU PTB3 (L WUPTB2F
Vo WUPTB3 }»\
r J > WUPTB3F
WULINF
LIN WOLIN WUAHTHF
WUCTHF
LIN Wake Up detected
WUCALF
Current Trigger WUAHTH ] __WULTCF

Current Accumulator
Threshold reached
Current
Threshold reached

WUCTH

Calibration Request

WUCAL

Life Time Counter

WULTC

nals

Life Time Counter
Overflow

Figure 19. Wake-up Sources

5.2.4.1 Wake-up Source Details

5.24.1.1 Cyclic Current Acquisition / Calibration Temperature Check

A configurable (ACQ_TCMP) independent low power mode counter/trigger, based on the ALFCLK, has been implemented to
trigger a cyclic current measurement during the low power modes. To validate that the temperature is still within the calibration
range, the temperature measurement can be enabled during this event as well.
As a result of the cyclic conversions, three wake-up conditions are implemented.

e Current Threshold Wake-up

e Current Averaging Wake-up

e  Calibration Request Wake-up

The configuration of the counter and the cyclic measurements is part of the acquisition paragraph (see Section 5.7, “Channel
Acquisition"). The actual cyclic measurement does not wake-up the microcontroller unless one of the three wake-up conditions
become valid.
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5.2.4.1.1.1 Current Threshold Wake-up

Every cyclic current measurement result (absolute content of the ADC result |_CURR register) is compared with a programmable
unsigned current threshold (CTH in the ACQ_CTH register).

The comparison is done with the CTH content left - shifted by 1, as shown in Figure 69.

Table 69. Current Threshold Comparison

2|2 221|122 |afaj2|1|1|1
3(/211|0(9|8|7|6[|5|4|3|2|1|0 9|8|7]6|5]4|312]1]0
CTH[7:0] olofof[ofofofofo]ofo]ofo]o]o0]o0 CTH[7:0] 0
ABS(CURR[23:0]) | X ABS(CURR[23:0])

If the absolute result is greater or equal to the programmed and shifted threshold, a filter counter is incremented (decremented
if below). If the filter counter (8-Bit) reaches the programmable low power current threshold filtering period (ACQ_THF), a
wake-up initiated if the Current Threshold Wake-up is enabled (WUCTH). The filter counter is reset every time a low power mode
is entered. The implementation is shown in Figure 20.

The wake-up source is flagged with the WUCTHF Bit.

measured current exceeds current threshold

I A S A R A B
L A TS Y B B
R
et I | | I | | I | | .
] [ T T T T ] I I T
I i | | time
| riggered current measurements | |
| | | 1 | | 1 | |
I | | I | | I | |
counter 1Ll L L
4 I [ [ I [ [ I [ [
value | | | | | | | | |
________ R
I | | I | | I | |
““““ i S i - G S e s
il B al L e
i | i | | i i i
———————— o RS e e B RS S
I | | | | [
-------- A= e e e e
I ' ' | | |
—————————————— B e e it It
[ | I | [ I [ |
1 1 1 T
| | | | | | | | | e
I [ | I [ | I [ |
I | | I | | I | |
I | | I | | I | |
e
wake-up I | | I | | I
forucC i | | i | | i
| | | | | | |
| | | | | | | | | R
| | | | | | | tirme
| | | | | | |

Figure 20. Current Threshold - Wake-up Counter

5.2.4.1.1.2 Current Ampere Hour Threshold Wake-up

As shown in Figure 21, every cyclic current measurement (signed content of the ADC result ACQ_CURR register) is added to
the 32-Bit (signed) current accumulator (ACQ_AHC) (both in two’s complement format). If the absolute accumulator value
reaches (JACQ_AHC| > ACQ_AHTH), the absolute programmable 31-Bit current threshold (ACQ_AHTH), a wake-up is initiated
if the Current AH Threshold Wake-up is enabled (WUAHTH). The accumulator is reset on every low power mode entry.

The wake-up source is flagged with the WUAHTHF Bit.
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Figure 21. Ah Counter Function

5.2.4.1.1.3 Calibration Request Wake-up

Once the temperature measured during the cyclic sense is indicating a potential “out of calibration” situation, a wake-up is issued
if the Calibration Request Wake-up is enabled (WUCAL). For additional details, refer to Section 5.7.5, “Calibration".

The wake-up source is flagged with the WUCALF Bit.

5.24.1.2 Timed Wake-up

To generate a programmable wake-up timer, the integrated 4 Channel Timer Module is supplied, during both low power modes
and running on the ALFCLK clock. To wake-up from one of the low power modes, the output compare signal (OC) of any of the
4 channels can be routed to the PTB[2:0] logic (standard feature also in Normal mode). Enabling the corresponding Wake-up
Enable Bit (WUPTBX) will generate the wake up, once the timer output compare becomes active.

NOTE

Only the internal GPIO logic is active during the low power modes. The Port I/O structures
will not be active.

To allow an accurate wake-up configuration during the clock transition, the timer should be configured before entering one of the
low power modes, without the Timer Enable Bit (TEN) being set. Setting the Timer Wake-up Enable Bit (WUPTB) will enable the
TIMER interrupts as wake-up sources, and cause the Timer Enable Bit (TEN) to be set, once the timer clock domain was changed
to the LPOSC clock.

During low-power mode, only current and temperature measurements are performed, so only the current measurement channel
is active with the temperature channel being optional - the voltage measurement channel is inactive. To reduce further the power
consumption, only triggered current measurements are done. For this purpose, an independent Timer Module is used to
periodically start a current measurement after a programmable time (ACQ_TCMP).

52413 Wake-up from LIN

During Low Power mode, operation of the transmitter of the physical layer is disabled. The receiver remain, active and able to
detect wake-up events on the LIN bus line. For further details, refer to Section 5.11, “LIN".

A dominant level longer than ty,pg followed by a rising edge, will generate a wake-up event if the WULIN is enabled.
The wake-up source is flagged with the WULINF Bit.
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NOTE

If the LIN module is disabled (LIN_CTL:EN=0), no wake-up will be issued after the dominant
to recessive transition, when the device goes to low power mode, while the LIN bus is in the
DOMINANT STATE.

If the LIN module is enabled (LIN_CTL:EN=1), the device will wake-up after the dominant to
recessive transition, when the device goes to low power mode, while the LIN bus is in the
DOMINANT STATE.

A full dominant -> recessive -> dominant sequence, during low power mode, will wake-up
the device in both cases.

5.24.1.4 Wake-up on Wake-up pin high level

Once a Wake-up signal (high level) is detected on the PTB3/LO0 input, with the Wake-up Enable Bit (WUPTB3) and the port
configuration bit (PTWU) set, a wake-up is issued. The wake-up source is flagged with the WUPTB3F Bit.

5.24.15 Wake-up on Life Time Counter Overflow

The life time counter continues to run during low power mode, if configured. Once the counter overflows with the life time counter
wake-up enabled (WULTC=1), a wake-up is issued. The wake-up source is flagged with the WULTC Bit.

5.24.1.6 General Wake-up Indicator

To indicate the system has been awakened after power up, the WLPMF flag will be set.

525 Device Clock Tree

5.25.1 Clock Scheme Overview

There are two system oscillators implemented. The low power oscillator is located on the analog die, and is supplied permanently
and has a nominal frequency of fogcy, providing a LPCLK clock signal. It is primarily used in low power mode, and as an
independent clock source for the watchdog during Normal mode.

The high power oscillator is basically the internal or external microcontroller oscillator (active only during normal mode). The high
power oscillator is distributed to the analog die via the D2DCLK (via configurable MCU prescalers), and there it's divided into two
clocks (D2DSCLK and D2DFCLK), based on the PRESC[15:0] prescaler. For the D2DSCLK, an additional 2 Bit divider PF[1:0]
is implemented®?. During Normal mode, D2DSCLK is continuously synchronizing the LPCLK, to create the accurate ALFCLK
(See Section 5.2.5.2, “ALFCLK Calibration"), it's clock source of the TIM16B4C (Timer), and S08SCIV4 (SCI) module with a fixed
by 4 divider.

Notes
82.PF[1:0] is not implemented as a simple divider. To accomplish a D2DSCLK period ranging from 1.0 ms to 8.0 ms, the following scheme is

used:00-1;01-2;10-4;11-8.

D2DSCLK - D2D Slow Clock (1... 0.125 kHz) Egn. 1

D2DCLK )

(DZDSCLK =
) x (PRESCJ[15, 0])

(2PF[1, 0]

D2DFCLK - D2D Fast Clock (512 kHz) Eqn. 2

D2DCLK
2 x (PRESC[15, 10] + PRESC[9]

(DZDFCLK =

During low power mode, D2DCLK is not available. The low power oscillator is the only system clock.
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Figure 22 and Figure 23 show the different clock sources for normal and low power mode.

NOTE

D2DFCLK has to be set to match 512 kHz, resulting in D2DSCLK being 1.0, 2.0, 4.0, or
8.0 kHz, based on PF[1:0]

The minimum value for PRESC[15:0] has to be 0x0400. Any value lower than 0x0400 will
result in faulty behavior and is not recommended. Values of 0x0003 or less are not stored
by the internal logic.

» WDTO[2:0]=100 1, —»
| i WoTe Window
Watchdog
LPOSC
(foscCL) LPCLK Y —L [2:0] WDTO
DZDQCLK ALFCLK——————»| Life Time Counter

Channel

D2DFCLK Acquisition
PRESC[15:0]
D2D Interface >
D2DCLK | ps:10] ‘ [9:0] TI(I\_/IrlﬁBz)lc
‘ imer
S08SCIV4
DIv4 (sc

Figure 22. Clock Tree Overview - Normal Mode

LPOSC LP CLK Synch » Life Time Counter
LPCLK ALFCLK
N TIM16B4C
» Current Trigger
Channel
Acquisition

Figure 23. Clock Tree Overview - Low Power Modes

5.25.2 ALFCLK Calibration

To increase the accuracy of the 1.0 kHz (or 2.0, 4.0, 8.0 7kHz based on PF[1:0]) system clock (ALFCLK), the low power oscillator
(LPCLK) is synchronized to the more precise D2DCLK, via the D2DSCLK signal. The “Calibrated Low Power Clock” (ALFCLK)
could be trimmed to the D2DCLK accuracy plus a maximum error adder of 1 LPCLK period, by internally counting the number of
periods of the LPCLK (512 kHz) during a D2DSCLK period. The APRESCJ[12:0] register will represent the calculated internal
prescaler. The PRDF bit (Prescaler Ready flag) will indicate the synchronization complete after a power up or prescaler
(PRESC/PF) change.

The adjustment is continuously performed during Normal mode. During low power mode (STOP or SLEEP), the last adjustment
factor would be used.
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Figure 24. ALF Clock Calibration Procedure During Normal Mode
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Figure 25. ALFCLK After Calibration

Recommended Clock Settings

Considering the system is running on the internal oscillator, Table 70 shows the recommended clock settings to achieve the
optimal 512 kHz D2DFCLK. For details on the MCU divider settings, including POSTDIV and SYNDIV, see Section 5.22, “S12
Clock, Reset, and Power Management Unit (S12CPMU)". The D2D initiator module includes D2DCLKDIV see Section 5.25,

“MCU - Die-to-Die Initiator (D2DIV1)".

Table 70. Recommended Clock Settings

foop / MHz POSTDIV for (SYNDIV=fVCO in MHz) E
o X =
- N ™ < e o =
4 4 4 4 ©olo|o|lN| S0 |o|lola|X|[O| 0| o[t |© || oW 8
= = = = M|l | F|o|ld | 0| F|O|b |0l | 0|0 |d|©|d|© |+ =
03| O o) O W I |Y|® @ |N|qd|N|d|d|c|g|la|a|a|e x| 5x | OO
¥ 3 ~ v ~ W lw dlolrs | |w d|lo~N|W| W lo|w || oA n 9o
.o — 1 — OO |o | L W w | w | w | ||| O®|O|®m m| =0 w3z
TR O 5] O NN SR =T o
Q Q o Q |58 QKL IV QT QR IS S |G 8| o
N N N N N
o o o o (@]
32.768 | 16.384 8.192 | 0O 64 63,64
31.744 0 62 61,62
30.720 | 15.360 | 10.240 0 60 59;60
29.696 0 58 57,58
28.672 | 14.336 7.168 0 56 55,56
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Table 70. Recommended Clock Settings

foop / MHzZ POSTDIV for (SYNDIV=fVCO in MHz) N
5 X =

T Y9 X Y Ge
: |2 |z |2 |s/8lg|zlgiglgiglelsiglglalyislale|sl| 28
8o | O =) g w|lI|/¥|m|® d/d /|4 F9|0(8 o |a x|n |~ gx | OO
¥ D ~ V2 ¥4 W ol d ol omm d/loN|w|lwm o|lw ||| |cH n 9o
3€ 3 |8 |3 S(gITIRIRIRE YN YYTIYILIRIRRIR ze E°
5 |8 |8 |8 |88|RIRINI&|R|IIRQ(R|R|Z|2|5|8|8(8g ] @

la) la) la) la) o

27.648 9.216 0 54 53;54
26.624 | 13.312 0 52 51,52
25.600 0 50 49;50
24576 | 12.288 | 8.192 | 6.144 0 48 47,48
23.552 0 46 4546
22.528 | 11.264 0 44 43;44
21.504 7.168 0 42 41,42
20.480 | 10.240 5.120 0 40 39;40
19.456 0 48 47,48
18.432 | 9.216 | 6.144 0 36 35;36
17.408 0 34 33;34
16.384 | 8.192 4.096 | 1 0 32 31,32
15.360 5.120 1 30 29;30
14.336 | 7.168 1 28 27,28
13.312 1 26 25;26
12.288 | 6.144 | 4.096 | 3.072 1 24 23;24
11.264 1 22 21,22
10.240 | 5.120 2 1 20 19;20
9.216 3.072 2 1 18 17;18
8.192 4.096 2.048 | 3 2 1 16 15;16
7.168 3 2 14 13;14
6.144 3.072 | 2.048 4 3 2 12 11;12
5.120 5 4 10 9;10
4.096 2.048 7 6 5 4 3 8 7,8
3.072 9 8 7 6 5 6 5;6
2.048 15 14 13 12 11 10 9 8 7 4 4

Notes
83.For D2DCLKDIV=1

5.2.6 System Resets

To guarantee safe operation, several RESET sources have been implemented in the MM912_637 device. Both the MCU and the
analog die are designed to initiate reset events on internal sources and the MCU is capable of being reset by external events
including the analog die reset output. The analog die is capable of being reset by the MCU in stop and cranking mode only.

5.26.1 Device Reset Overview

The MM912_637 reset concept includes two external reset signals, RESET (MCU) and RESET_A (analog Die). Figure 26
illustrates the general configuration.
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Figure 26. Device Reset Overview

Both RESET and RESET_A signals are low active 1/Os, based on the 5.0 V supply (VDDRX for RESET and VDDX for
RESET_A).

5.2.6.2 Analog Die Reset Implementation

There are 7 internal reset sources implemented in the analog die of the MM912_637 that causing the internal analog die status
to be reset to default (Internal analog RST), and to trigger an external reset, activating the RESET_A pin. In addition, during stop
and cranking mode, an external reset at the RESET_A pin will also reset the analog die.

VDDLR
VDDHR RESET_A

WDR Cranking

o >

TSDR
VDDXR >
VDDAR 1

0
dmﬁ'agSlCT:M LPM = Low Power Mode

Figure 27. Analog Die Reset Implementation
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With the exception of the WDR, HWR, and TSDR, the RESET_A pin is driven active as long the condition is pending. The WDR,
HWR, and TSDR will issue a 2 x LPCLK cycle active at the pin. During cranking mode®4, only the VDDLR is active. During Low
Power modes, only VDDXR and VDDAR are active reset sources. VDDAR is only active during active measurement in LPM.
VDDXR and VDDAR are not active in Normal mode.

Notes

84.Not available on all device derivatives

5.2.6.3 Reset Source Summary

Notes

HWR - Hardware Reset

— Forced internal reset caused by writing the HWR bin in the PCR_CTL register. The source will be indicated by the
HWREF bit.

WDR - Watchdog Reset

— Window watchdog failure. The source will be indicated by the WDRF bit.

LVR - Low Voltage Reset

— The Voltage at the VDDL, VDDH, VDDX, or VDDA has dropped below its reset threshold level. The source will be
indicated for the VDDL by the LVRF + HVRF, for the VDDA by the AVRF, and for the VDDH by the HVRF bit. VDDX
resets are not indicated via individual reset flags. See Figure 27 for dependencies.

TSDR - Temperature Shutdown Reset

— The critical shutdown temperature threshold has been reached. VDDA, VDDX, and VDDH will be disabled as long
as the over-temperature condition is pending®® and the reset source is indicated by the HTF bit.

External Reset

— During stop and cranking®® mode, a low signal at the RESET_A pin will reset the analog die. Since this condition
can only be initiated by the microcontroller, no specific indicator flag is implemented.

85.Resulting in a VDDH Low Voltage Reset taking over the reset after the 2 LPCLK reset pulse

5.2.7

5.2.7.

TSDR HTF

woR
R

VDDHR
VDDLR
VDDAR
VDDXR No Flag Indicator

Figure 28. Reset Status Information
PCR - Memory Map and Registers

1 Overview

This section provides a detailed description of the memory map and registers.

5.2.7.

2 Module Memory Map

The memory map for the Analog Die - Power, Clock and Resets - PCR module is given in Table 71
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Table 71. Module Memory Map

RN Name 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
PCR CTL w HTIEM UVIEM HWRM 0 PFM[1:0] OPMM[1:0]
0x00 — .
PCR Control Register R 0 0
| HTIE UVIE PF[1:0] OPM[1:0]
w HWR 0
0x02 PCR_SR (hi) R HTF UVF HWRF WDRF HVRF LVRF WULTCF | WLPMF
X
PCR Status Register w Write 1 will clear the flags
WUAHTH
0x03 PCR_SR (lo) R E WUCTHF | WUCALF | WULINF | WUPTB3F | WUPTB2F | WUPTB1F | WUPTBOF
X
PCR Status Register W Write 1 will clear the flags
R
0x04 PCR_PRESC il PRESC[15:0]
PCR 1.0 ms prescaler R :
w
PCR_WUE (hi) R
0x06 WUAHTH WUCTH WUCAL WULIN WUPTB3 | WUPTB2 | WUPTB1 | WUPTBO
Wake-up Enable Register w
PCR_WUE (lo) R 0 0 0 0 0 0 0
0x07 - WULTC
Wake-up Enable Register w
TRIM_ALF (hi) R PRDF 0 0 APRESC[12:8]
OxOE Trim for accurate 1.0 ms low freq W
clock
TRIM_ALF (lo) R APRESCI[7:0]
OxOF Trim for accurate 1.0 ms low freq W
clock
Notes

86.0ffset related to 0x0200 for blocking access and 0x300 for non blocking access within the global address space.
87.Register Offset with the “lo” address value not shown have to be accessed in 16-Bit mode. 8-Bit access will not function.

5.2.7.3

Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard register diagram with an
associated figure number. Details of register bit and field function follow the register diagrams, in bit order.
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5.2.7.3.1 PCR Control Register (PCR_CTL)

Table 72. PCR Control Register (PCR_CTL)
Offset

(88) (89) 0x00 Access: User read/write
15 14 13 12 11 10
R 0 0 0 0 0 0