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Intelligent Integrated Precision 
Battery Sensor
The MM912I637 (96 kB) and MM912J637 (128 kB) are fully integrated 
LIN Battery monitoring devices, based on Freescale SMARTMOS and 
S12 MCU Technology.

The device supports precise current measurement via an external shunt 
resistor, and precise battery voltage measurement via a series resistor 
directly at the battery plus pole. The integrated temperature sensor 
combined in the close proximity to the battery, allows battery temperature 
measurement.

The integrated LIN 2.1 interface makes the sensor feedback available on 
the LIN Bus.

Features

• Battery voltage measurement
• Battery current measurement in up to 8 ranges
• On chip temperature measurement
• Normal and two low-power modes
• Current threshold detection and current averaging in standby =>

wake-up from low-power mode
• Triggered wake-up from LIN and periodic wake-up
• Signal low pass filtering (current, voltage)
• PGA (programmable low-noise gain amplifier) with automatic gain

control feature
• Accurate internal oscillator (an external quartz oscillator may be used

for extended accuracy)
• Communication via a LIN 2.1, LIN2.0 bus interface
• S12 microcontroller with 128 kByte flash, 6.0 kByte RAM, 4.0 kByte

data flash
• Background debug module
• External temperature sensor option (TSUP, VTEMP)
• Optional 2nd external voltage sense input (VOPT)
• 4 x 5.0 V GPIO including one Wake-up capable high voltage input

(PTB3/L0)
• 8 x MCU general purpose I/O including SPI functionality
• Industry standard EMC compliance

MM912_637

EP SUFFIX (WF-TYPE)
98ASA00343D

48-PIN QFN

Battery Monitoring System

Applications

• 12 V Lead-acid Battery Monitoring
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Figure 1. Simplified Application Diagram
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ORDERING INFORMATION
1 Ordering Information
Table 1. Ordering Information

Device
(Add an R2 suffix for Tape and 

Reel orders)
Temperature Range (TA) Package

Maximum Input 
Voltage

Analog Option Flash (kB)

MM912I637AM2EP
-40 °C to 125 °C

48 QFN-EP 42 V

2
96

MM912J637AM2EP 128

MM912I637AV1EP
-40 °C to 105 °C 1

96

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/L0) No Yes

External Temperature Sensor Option (VTEMP) No Yes

Optional 2nd External Voltage Sense Input (VOPT) No Yes
Analog Integrated Circuit Device Data
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Figure 2. Sample Block Diagram
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PIN ASSIGNMENT
MM912_637 PIN DESCRIPTION
2 Pin Assignment

Figure 3. MM912_637 Pin Connections

2.1 MM912_637 Pin Description
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 3. MM912_637 Pin Description  

Pin # Pin Name Formal Name Description

1 PA6 MCU PA6
General purpose port A input or output pin 6. See Section 4.17, “MCU - Port Integration 
Module (9S12I128PIMV1)".

2 PE0/EXTAL MCU Oscillator

EXTAL in one of the optional crystal/resonator drivers and external clock pins, and the PE0 
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 4.23, “S12 Clock, Reset, and Power Management 
Unit (S12CPMU)".

3 PE1/XTAL MCU Oscillator

XTAL is one of the optional crystal/resonator drivers and external clock pins, and 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 4.23, “S12 Clock, Reset, and Power Management 
Unit (S12CPMU)".
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PIN ASSIGNMENT
MM912_637 PIN DESCRIPTION
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 PA5 MCU PA5
General purpose port A input or output pin 5. See Section 4.17, “MCU - Port Integration 
Module (9S12I128PIMV1)".

6 PA4 MCU PA4
General purpose port A input or output pin 4. See Section 4.17, “MCU - Port Integration 
Module (9S12I128PIMV1)".

7 PA3 MCU PA3 / SS
General purpose port A input or output pin 3, shared with the SS signal of the integrated 
SPI interface. See Section 4.17, “MCU - Port Integration Module (9S12I128PIMV1)".

8 PA2 MCU PA2 / SCK
General purpose port A input or output pin 2, shared with the SCLK signal of the integrated 
SPI interface. See Section 4.17, “MCU - Port Integration Module (9S12I128PIMV1)".

9 PA1 MCU PA1 / MOSI
General purpose port A input or output pin 1, shared with the MOSI signal of the integrated 
SPI interface. See Section 4.17, “MCU - Port Integration Module (9S12I128PIMV1)".

10 PA0 MCU PA0 / MISO
General purpose port A input or output pin 0, shared with the MISO signal of the integrated 
SPI interface. See Section 4.17, “MCU - Port Integration Module (9S12I128PIMV1)".

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

12 VDDRX MCU 5.0 V Supply
5.0 V MCU power supply. MCU core- (internal 1.8 V regulator) and flash (internal 2.7 V 
regulator) supply. This pin must be connected to VDDX.

13 VSSD2D MCU 2.5 V Ground External ground for the MCU - VDDD2D return path.

14 VDDD2D MCU 2.5 V Supply 2.5 V MCU power supply. Die to die buffer supply. This pin must be connected to VDDH.

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

5.0 V main voltage regulator output pin. An external capacitor (CVDDX) is needed. See 
Section 4.3, “Analog Die - Power, Clock and Resets - PCR".

18 DGND Digital Ground
This pin is the device digital ground connection. See Section 4.3, “Analog Die - Power, 
Clock and Resets - PCR".

19 VDDH
Voltage Regulator Output 
2.5 V

2.5 V high power main voltage regulator output pin to be connected with the VDDD2D MCU 
pin. An external capacitor (CVDDH) is needed. See Section 4.3, “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 4.3, “Analog Die - Power, Clock and Resets - PCR".

22 LIN LIN Bus I/O This pin represents the single-wire bus transmitter and receiver. See Section 4.12, “LIN".

23 LGND LIN Ground Pin
This pin is the device LIN ground connection. See Section 4.3, “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.

26 VDDA
Analog Voltage Regulator 
Output

Low power analog voltage regulator output pin, permanently supplies the analog front end. 
An external capacitor (CVDDA) is needed. See Section 4.3, “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 4.3, “Analog Die - Power, Clock and Resets - PCR".

28 VTEMP Temperature Sensor Input
External temperature sensor input. See Section 4.7, “Temperature Measurement - 
TSENSE". 

Table 3. MM912_637 Pin Description  (continued)

Pin # Pin Name Formal Name Description
Analog Integrated Circuit Device Data
Freescale Semiconductor 7

MM912_637



PIN ASSIGNMENT
MM912_637 PIN DESCRIPTION
29 TSUP
Temperature Sensor Supply 
Output

Supply for the external temperature sensor. TSUP frequency compensation option to allow 
capacitor CTSUP. See Section 4.7, “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 4.5, “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 4.5, “Current Measurement - ISENSE".

33 ADCGND
Analog Digital Converter 
Ground

Analog digital converter ground connection. See Section 4.3, “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 (RVSENSE) is needed for protection. See Section 4.6, “Voltage 
Measurement - VSENSE".

35 VOPT Optional Voltage Sense Optional voltage measurement input. See Section 4.6, “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 (RL0) and capacitor to GND (CL0) 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 4.11, “General Purpose I/O - GPIO".

37 PTB2 General Purpose I/O 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 I/O
 • Selectable internal pull-up resistor
 • Selectable timer channel input/output
 • Selectable connection to the LIN / SCI
See Section 4.11, “General Purpose I/O - GPIO".

38 PTB1 General Purpose I/O 1

This is the general purpose I/O pin 1, based on VDDX with the following shared functions:
 • Bidirectional 5.0 V (VDDX) digital port I/O
 • Selectable internal pull-up resistor
 • Selectable timer channel input/output
 • Selectable connection to the LIN / SCI
See Section 4.11, “General Purpose I/O - GPIO".

39 PTB0 General Purpose I/O 0

This is the general purpose I/O pin 0 based on VDDX with the following shared functions:
 • Bidirectional 5.0 V (VDDX) digital port I/O
 • Selectable internal pull-up resistor
 • Selectable timer channel input/output
 • Selectable connection to the LIN / SCI
See Section 4.11, “General Purpose I/O - GPIO".

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 
Regulator Output

2.5 V low power voltage regulator output pin. See Section 4.3, “Analog Die - 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.

Table 3. MM912_637 Pin Description  (continued)

Pin # Pin Name Formal Name Description
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PIN ASSIGNMENT
RECOMMENDED EXTERNAL COMPONENTS
2.2 Recommended External Components
Figure 4 and Table 4 list the required / recommended / optional external components for the application.

Figure 4. Required / Recommended External Components

44 DGND Digital Ground
This pin is the device digital ground connection. See Section 4.3, “Analog Die - Power, 
Clock and Resets - PCR".

45 RESET_A  Reset I/O
Reset output pin of the analog die in Normal mode. Bidirectional reset I/O of the analog die 
in Stop mode. Active low signal with internal pull-up to VDDX. This pin must be connected 
to RESET. See Section 4.3, “Analog Die - Power, Clock and Resets - PCR". 

46 RESET MCU Reset
Bidirectional reset I/O pin of the MCU die. Active low signal with internal pull-up to VDDRX. 
This pin must be connected to RESETA. See Section 4.3, “Analog Die - Power, Clock and 
Resets - PCR".

47 BKGD
MCU Background Debug 
and Mode

The BKGD/MODC pin is used as a pseudo-open-drain pin for the background debug 
communication. It is used as an MCU operating mode select pin during reset. The state of 
this pin is latched to the MODC bit at the rising edge of RESET. The BKGD pin has a pull-up 
device. See Section 4.20, “MCU - Debug Module (S12SDBG)".

48 PA7 MCU PA7
General purpose port A input or output pin 7. See Section 4.17, “MCU - Port Integration 
Module (9S12I128PIMV1)".

Table 3. MM912_637 Pin Description  (continued)

Pin # Pin Name Formal Name Description

Battery
Minus Pole

Chassis
Ground

ISENSEL

ISENSEH

G
N

D
S

U
B

V
S

E
N

S
E

V
S

U
P

Battery 
Plus Pole

LIN LIN

RVSENSE

CLIN

CVBAT

RSHUNT

Note: Module GND connected to Battery Minus or Chassis Ground – based on configuration. 

D1

VDDH

VDDX

VDDA

AGND

DGND CVDDH

CVDDX

CVDDA

VDDL

VDDD2D

VSSD2D

VDDRX

VSSRX
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N

D
S

U
B

G
N

D
S

U
B

G
N

D
S

U
B

E
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ad

 (
E

P
)

ADCGNDPTB3 / L0
RL0

CL0

TSUP

CTSUP

VTEMP
RVTEMP

V
O

P
T

RVOPT

LGND

RISENSEL

RISENSEH

CISENSEL

CISENSEHL

CISENSEH

RESET

RESETA
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PIN ASSIGNMENT
PIN STRUCTURE
2.3 Pin Structure
Table 5 documents the individual pin characteristic.

Table 4. Required / Recommended External Components

Name Description Value Connection Comment

D1 Reverse Battery Diode n.a. VSUP-VBAT

CVBAT Battery Blocking Capacitor 4.7 µF/100 nF VSUP-GND Ceramic

RVSENSE VSENSE Current Limitation 2.2 k VSENSE-VBAT

RVOPT VOPT Current Limitation 2.2 k VOPT-signal optional(1)

RSHUNT Current Shunt Resistor 100 µ ISENSEH-ISENSEL

RISENSEL
EMC Resistor 500  max

select for best EMC 
performance

RISENSEH
EMC Resistor 500  max

select for best EMC 
performance

CISENSEL
EMC Capacitor TBD

select for best EMC 
performance

CISENSEHL
EMC Capacitor TBD

select for best EMC 
performance

CISENSEH
EMC Capacitor TBD

select for best EMC 
performance

CVDDH Blocking Capacitor 1.0 µF VDDH-GND

CVDDX Blocking Capacitor 220 nF VDDX-GND

CVDDA Blocking Capacitor 47 nF VDDA-GND

CVDDL Blocking Capacitor n.a. VDDL-GND not required

CLIN LIN Bus Filter n.a. LIN-LGND not required

RL0 PTB3 / L0 Current Limitation 47 k L0

CL0 PTB3 / L0 ESD Protection 47 nF L0-GND

CTSUP Blocking Capacitor 220 pF TSUP-GND not required(2)

RVTEMP VTEMP Current Limitation 20 k VTEMP-signal optional(1)

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 4.7.1.2, “Block Diagram".

Table 5. Pin Type / Structure

Pin # Pin Name
Alternative 

Pin Function
Power 
Supply

Structure

1 PA6 n.a. VDDRX n.a.

2 PE0 EXTAL VDDRX PUPEE / OSCPINS_EN

3 PE1 XTAL VDDRX PUPEE / OSCPINS_EN

4 TEST n.a. n.a. n.a.

5 PA5 n.a. VDDRX n.a.
Analog Integrated Circuit Device Data
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