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General Purpose and Integrated Solutions

Target Markets Products

S08 - S12 - MPC56xxB/C(Bolero)
• Shipping ~500Mu in 2016
• 8/16/32bit proven architectures 

S12 MagniV
Shrink your application with MCU 
+ HV analog integration

KEA - S32K
The First Automotive MCU 
Designed for Software Engineers

Technology

HV Analog 

integration

ASSP

Software and 

Tools

Moving to ARM 
Cortex Architecture

G
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Sensor Interfaces

Body Electronics
Lighting HVAC

Other

Motor Control
Window Lift Pumps, Fans

Integrated Solutions

General Purpose
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MagniV Concept: Shrink Your Application
Integration of High-Voltage (HV) Analog Features into a Standard Automotive MCU

• Single device

• Reduced space

• Standard MCU

• Multiple analog ICs

Traditional Solution MagniV
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15+ Years of System in Package (SiP) Experience

2015

Troll - MUX3
• 8-bit HC05 Hyper-integrated 

Climate Stepper Driver

908E626
• HC08 + SMOS5

AFS Stepper Driver

908E630
• 8-bit HC08 (SOG) 

+ SMOS8
Relay Driver

912F634
• 16-bit S12I32 + SMOS8

Relay & Switch Driver

S12VR64 (first part of
MagniV family

200920082007200620052004200320022001200019991998 20101997

Start of SiP R&D

Mechatronics 
Package

HC05 Microcontroller with 
EEPROM (IDR60% -1.2um)

SiP Architecture

HC08 Microcontroller with 
flash (0.5um)

SMOS5 (0.8um)

54ld SOIC Package

SMOS8 (0.25um)

QFN Package

S12 Core (0.25um) 

Architecture 
Repartitioning

Monolithic Architecture

1st Gen 2nd Gen 3rd Gen

2011 2012 2013 2014

4th Gen

HC05PV8
• 8-bit HC05 Hyper-integrated 

Relay Driver

908E624
• 8-bit HC08 + SMOS5

Relay Driver

908E622/1
• 8-bit HC08 + SMOS5 Mirror Driver

LL18UHV technology
Monolithic  SiP

P
ro

d
u
c
ts

T
e
c
h
n
o
lo

g
ie

s

S12ZVM
S12ZVH

S12ZVL
S12ZVC

S12Z Core 

2016



PUBLIC USE13

A Technology Sweet-spot for Sensor and Actuators

Existing
Low Leakage 180nm CMOS+NVM

40V UHV Devices

Digital Logic
S12, PWMs, Timers,

SRAM, SPI, SCI, GPIO,

Watchdogs, etc.

High-Voltage
Analog

Low Side & High

Side Drivers,

Voltage Regulator

LIN/CAN Phy. etc.

Non-Volatile
Memory

Flash, EEPROM
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MagniV building blocks

GPIO

Timer 
16Bit

(25-64MHz)

PWM 
8/16Bit

(25-64MHz)

EEPROM  (ECC)
128B – 4kB

Flash  (ECC)
8kB – 192kB 

S12- or S12Z-CPU 
25/32/50MHz bus

BDM/BDC

CAN-
PHY

VREG for tot. supply:
•70mA w/o ext comp. or
•170mA with ext. ballast

Temp
Sense

RAM (ECC) 
512B - 8kB 

PLL
RCosc.
+/-1.3%

Pierce Osc.

MSCAN Sent

1-4ch HVI  (12V-input 
with wake-up and ADC)

High-Voltage
Components

Digital
Components

5V Analogue
Components

MCU Core
and Memories

Packaging

Win
Wdog

Key
Wakeups

Motorcontrol PWM
With Fault protection

Programmable 
Trigger Unit

List Based ADC
10-12Bit resolution

1-2 S/H-units
Up to 16ch total

Current Sense
(2 x Op-Amp)

PGPIO
20mA

NGPIO
25mA

Stepper Motor 
Driver with SSD

RTC

Segment LCD (4x40)

Sound Generator

LQFP:
32/48/64/100/144-pin

QFN:
32-pin (5x5mm)

LQFP-EP:
48/64-pin

LIN-
PHY

V-SUP
SENSE

V-BAT
SENSE

HS-
drivers

LS-
drivers

Charge Pump

4-6ch  Gate Drive Unit
for FET Qg=50-150nC

SCI SPI IIC

32kHz low power Osc

2ch ACMP 
With 1x6-Bit-DAC
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MagniV: Integration Benefits

• Reduced size

− Smaller PCB

− Smaller housing

− Increased design flexibility

• Fewer components 

− Fewer devices to pick and place

− Fewer solder joints

• Fewer test points 

− Integration offers a pre-tested subsystem

• Quality

− Fewer points of failure

• Simplified Logistics

− Fewer parts to qualify, source, store, track
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S12 MagniV: A Way To Shrink Your Automotive Application

S12 MagniV simplifies system design with the integration on High-Voltage (HV) 

analog features onto MCUs for automotive applications

S12ZVM
BLDC/DC motors

S12ZVC
Small CAN nodes

S12VR
Relay driven motors

S12ZVL
LIN Nodes

MM912_S812

S12VR

S12ZVL

Reduced PCB Space

Improved manufacturing efficiency and quality

Reduced Bill of Material 

Simplified development

S12ZVC
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SafeAssureTM Program: MagniV

Safety Hardware
Common safe hardware platform for 

application software:

• Voltage/clocks monitoring

• Memories w/ error correction

• Window Watchdog...

Safety Process
• ISO26262 development  process

for most products

• Safety-Element-Out-Of-Context

Product
families

Development
Process

FMEDA Report
Availability

Dependant Failure 
Analysis

Safety 
Manual

Core Self test and User 
Guide

S12VR Standard Upon request

Yes

No No
S12VR Standard Upon request

S12ZVM Standard yes

Yes

(www)
Yes

S12ZVM ISO 26262 Q4 2014

S12ZVL ISO 26262 yes

S12ZVC ISO 26262 yes

Safety Support
• FIT rates

• Dynamic FMEDA

• Safety manual

• Technical support as required

Safety Software
S12Z core self-test available to 

complement  the built-in hardware 

safety features

http://www.freescale.com/files/microcontrollers/doc/user_guide/MC9S12ZVxSM.pdf
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MagniV Conformance Testing

Device S12VRxx S12ZVMxx S12ZVLxx S12ZVCxx 

Interface LIN LIN LIN CAN

CAN / LIN conformance 

C&S

LIN 2.2: PASS
SAE J2602-2: PASS

LIN 2.2: PASS
SAE J2602-2: PASS

LIN 2.2: PASS
SAE J2602-2: PASS

CAN PL: PASS

EMC/ESD

IBEE Zwickau

German OEMs
PASS PASS PASS PASS

EMC/ESD

ULLabs / Mooser

US OEMs 
PASS PASS PASS PASS

CAN Conformance

Velio

Japanese OEMs
n/a PASS
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MagniV Integrated Solutions Roadmap

2016 2017

B
ru
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h

e
d

 
M
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Production

First Sample Date  

(left edge)

Product Qualification

(right edge)

Execution

High temp 

(AEC-Q100 

Grade0)

High Voltage 

PWM command

LIN applications

CAN applications

32-128kB, 64pin, 6ch GDU, 50MHz

64-192kB, 48-64pin, 32MHz

8-32kB, 32-48pin, 32MHz

S12ZVMC (no CAN-PHY)

16-32kB, 32pin, 25MHz  

C
A

N
 

N
o

d
e
s

L
IN

 

N
o

d
e
s

48-64kB, 32-48pin, 25MHz

48-64kB, 48/64pin, 4ch GDU, 32MHz

S12VR

64-128kB, 32-48pin, 

PGA, MSCAN, 32MHz

S12ZVML31

S12ZVL

S12VR

M
O

S
-F

E
T

 

c
o

n
tr

o
l

R
e
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c
o

n
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256kB, 80pin, 6ch GDU, 50 MHz

S12ZVMC (with PHY)

S12ZVL

S12ZVC

B
ru

s
h

le
s
s
 

M
o

to
r

S12ZVML

S12ZVM

16-32kB;  48/64pin, 6ch GDU, 50MHz

S12ZVMB

S12ZVMA

64kB, Relay + FET Control

S12VRP

16-32kB, 32/48pin, 2ch GDU, 32MHz
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VMB64

S12 MagniV: Motor Control / Actuator Lineup

Brushless 

DC 

Motors

CAN applications

LIN applications

High voltage PWM 
controlled applications

MOS-FET 

driven

DC Motors
(bidirectional)

MOS-FET 

driven

DC Motors
(unidirectional)

Relay driven 

DC Motors 

With PWM

capability

Relay driven 

DC Motors

(no PWM)

VML128/64/32

64pin; 6ch GDU

VMC128/64

16-32kB;  6ch GDU

32pin only, 16-32kB
32-48pin; 25MHz

MM912H/G634

4ch GDU

S12VR32/16

S12ZVM32/16

S12ZVML31

S12VR64/48

Relay-driver & 1ch FET drive

2ch GDU

256kB

6ch GDU

High temp option 
(AEC Grade 0)

Switch panel interface
(HS-drivers & HVIs)

Main usecase: 
- window lift
- sun roof

V
M

-S
e
ri

e
s

V
R

-S
e
ri

e
s

VMC256

VMA32

VRP64

Production

Proposal

Planning

Execution
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S12 MagniV: Motor Control / Actuator Lineup

VMB64

Brushless 

DC 

Motors

CAN applications

LIN applications

High voltage PWM 
controlled applications

MOS-FET 

driven

DC Motors
(bidirectional)

MOS-FET 

driven

DC Motors
(unidirectional)

Relay driven 

DC Motors 

With PWM

capability

Relay driven 

DC Motors

(no PWM)

VML128/64/32

64pin; 6ch GDU

VMC128/64

16-32kB;  6ch GDU

32pin only, 16-32kB
32-48pin; 25MHz

MM912H/G634

4ch GDU

S12VR32/16

S12ZVM32/16

S12ZVML31

S12VR64/48

Relay-driver & 1ch FET drive

2ch GDU

256kB

6ch GDU

High temp option 
(AEC Grade 0)

Switch panel interface
(HS-drivers & HVIs)

Main usecase: 
- window lift
- sun roof

V
M

-S
e
ri

e
s

V
R

-S
e
ri

e
s

VMC256

VMA32

VRP64

Production

Proposal

Planning

Execution
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S12

VREG

Temp 
Sense

PLLBDM

HVI

LIN
PHY

High
Side

Flash

EEPROMRAM

ADC
10bit

TIM

KWU

Win
W‘dogSPI

SCI0

SCI1

IRC

PWM
8ch

Low
Side

Relay
Driver

EVDD

Hallout

LIN

L
G

N
D

L
IN

V
S

E
N

S
E

S12VR Application Schematics (Window Lift)

Pinout representing functionality, 

Physical pins location is different

V
S

U
P

LS1

LSGND

LS0
MM

Vbat

Hall
SensorIOC

IOC

Switches
HVI0

HS1

HVI1

HVI2

HVI3

HS0

Indicator
LED

Debug &   
Programming  

Connector

Altern.
SPI&UART 
based Test 
Connector

V
D

D
X

V
D

D
A

EVDD

High-Voltage
Components

Digital
Components

5V Analogue
Components

MCU Core
and Memories

5V input

User Interface

Comm. Supply

5V input

Motor-Drive

Hall-Sensor
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VMB64

S12 MagniV : Motor Control / Actuator Lineup

Brushless 

DC 

Motors

CAN applications

LIN applications

High voltage PWM 
controlled applications

MOS-FET 

driven

DC Motors
(bidirectional)

MOS-FET 

driven

DC Motors
(unidirectional)

Relay driven 

DC Motors 

With PWM

capability

Relay driven 

DC Motors

(no PWM)

VML128/64/32

64pin; 6ch GDU

VMC128/64

16-32kB;  6ch GDU

32pin only, 16-32kB
32-48pin; 25MHz

MM912H/G634

4ch GDU

S12VR32/16

S12ZVM32/16

S12ZVML31

S12VR64/48

Relay-driver & 1ch FET drive

2ch GDU

256kB

6ch GDU

High temp option 
(AEC Grade 0)

Switch panel interface
(HS-drivers & HVIs)

Main usecase: 
- window lift
- sun roof

V
M

-S
e
ri

e
s

V
R

-S
e
ri

e
s

VMC256

VMA32

VRP64

Production

Proposal

Planning

Execution
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S12ZVMA Application Schematic

VBAT

G
P
I
O

S12Z
core

SPI

Wdog

TIM 4ch/16b

Temp 
Sense

LIN/HV 
PHY

Charge 
Pump

Flash RAM

SCI

PTU

PLLIRC

Ext Osc BDM

KWU

RTI

MM

VLSOUT

HD

V
S

U
P

V
D

D
X

Single 12bit ADC
4ch.  Ext.

(+ 4ch. Int.)

Current Sense
(1 x Op-Amp)

Optional

EEPROM

VLSx

Hall
Senso

r

Hallout

Hall
out

IO/IOC

EVDD

B
S

T

Boost option

VCP

CP option

CP

Reverse protection

GDU 

Halfbridge
NMOS FET
Predriver

B
C

T
L

Bypass option

L
G

N
DL
IN

4ch PMF 
(2int, 2ext)

A
M

P
M 0

A
M

P
P 0

A
M

P
0

Shunt

EVDD

HG0

LG0

HS0

VBS0

LS0

Hall
supply

LIN / HV Phy

Vreg
5V VDDX Boost mode

11V VLS

High-Voltage
Components

Digital
Components

5V Analogue
Components

MCU Core
and Memories
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S12ZVMB Application Schematic (Window Lift)

S12Z

Vreg

PTU

Temp 
Sense

PLL

BDM

3 HVI

LIN
PHY

High
Side

Flash

EEPROMRAM

ADC
10bit

PMF
6ch

KWU

TIM

Win
W‘dog

SCI0

SCI1

Ext. Osc

IRC

EVDD

GDU 

H-Bridge
Predriver

Charge
Pump

VBS1

VBS

0

GHG0

GHS0

GHS1

GLG0

GLG1

GLS0

EVDD

Hallout

GHG1

VLS_Out, VLS1/0

D

S

GHD

CP
0V

+11V

V
S

U
P

V
D

D
X

V
D

D
A

Pinout representing functionality, 

not the physical location

MM

Hall
Senso
r

VCP

GLS1

Vreg 10V

HS0

Indicator
LED

Debug & 
Programming  

Connector

Altern.
SPI&UART 
based Test 
Connector

Switches
HVI0

HS1

HVI1

L
G

N
DL

IN

Current Sense
(1 x Op-Amp)

A
M

P
M 0

A
M

P
P 0

A
M

P
0

Shunt

integration 

in VMB64

HVI2

High-Voltage
Components

Digital
Components

5V Analogue
Components

MCU Core
and Memories



PUBLIC USE26

VMB64

S12 MagniV: Motor Control / Actuator Lineup

Brushless 

DC 

Motors

CAN applications

LIN applications

High voltage PWM 
controlled applications

MOS-FET 

driven

DC Motors
(bidirectional)

MOS-FET 

driven

DC Motors
(unidirectional)

Relay driven 

DC Motors 

With PWM

capability

Relay driven 

DC Motors

(no PWM)

VML128/64/32

64pin; 6ch GDU

VMC128/64

16-32kB;  6ch GDU

32pin only, 16-32kB
32-48pin; 25MHz

MM912H/G634

4ch GDU

S12VR32/16

S12ZVM32/16

S12ZVML31

S12VR64/48

Relay-driver & 1ch FET drive

2ch GDU

256kB

6ch GDU

High temp option 
(AEC Grade 0)

Switch panel interface
(HS-drivers & HVIs)

Main usecase: 
- window lift
- sun roof

V
M

-S
e
ri

e
s

V
R

-S
e
ri

e
s

VMC256

VMA32

VRP64

Production

Proposal

Planning

Execution
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3-Phase BLDC / PMSM Motors – Market Segmentation

Cooling Fan

HVAC 
Blower

Powered 
Liftgate

Water pumpFuel pump

Sliding doors

S12ZVML/C (64/128/256kB) 

Carcassonne

S12ZVM  (32kB)

Obidos

CAN

PWM

Oil pump

50-200W 
motors

200+W
motors

Reduced 
GDU drive

S12ZVM
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S12ZVML Application Schematic

G
P
I
O

S12Z
core

SPI

Wdog

TIM 4ch/16b

PMF 
6-ch 
PWM

SCI

Temp 
Sense

LIN 
Physical
Interface

Charge 
Pump

128 kB 
Flash

8 kB RAM
SCI

PTU

PLLIRC

Ext Osc BDM

KWU

RTI

VBS1
VBS0

HG0

HS0

HS1

HS2 MM

VBS2

HG1

HG2

VLSOUT

HD

V
S

U
P

V
D

D
X

Dual 12bit ADC
5+4ch.  Ext.

(Mux‘d with Op-Amps)

+ 8ch. Int.

MSCAN

LG0

LG1

LS0

Shunt1

LG2

LS1
LS2

Current Sense
(2 x Op-Amp)

Shunt0

A
M

P
0

A
M

P
M 1

A
M

P
P 1

A
M

P
1

A
M

P
M 0

A
M

P
P 0

512Bytes
EEPROM

5V VDDX, 5V CAN supply

Boost mode

EVDD sensor

11V VLS

Voltage regulators

VLSx

E
V

D
D

5
V

 S
e
n

s
o

r

s
u

p
p

ly

AMR/
GMR/
Hall
Sensor

AMRsin
AMRcos

Hallout

AN0_x

AN1_x

Hallout

AMRsin

AMRcos

IO/IOC

EVDD

B
S

T

Boost option

VCP

CP option

CP

Reverse 
protection

L
IN

L
IN

G
N

D

LIN / HV Phy

GDU 

3 phase 
Bridge

Predriver

B
C

T
L

Bypass option

High-Voltage
Components

Digital
Components

5V Analogue
Components

MCU Core
and Memories

Optional
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MOTOR CONTROL 

SOLUTIONS 

OFFERING
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S12ZVM Development Ecosystem

Hardware (Evaluation board, target application)

MC ToolBox:
Rapid prototyping with 

Matlab Simulink

FreeMASTER:
-Graphical User 

Interface
-Instrumentation 

Autosar OS

Customer Application Software

Math and Motor Control Libraries:
- Standard optimized math functions and motor control algorithms

- Includes Matlab Simulink Models 

L
IN

 2
.1

 D
ri
v
e
rs

NXP Production 
Software

NXP Enablement  
Software

3rd Party Production 
Software

MC Dev Kit 
Reference 
Software

N
V

M
 D

ri
v
e
rs

C
A

N
/L

IN
 S

ta
c
k

Graphical Init Tool

MCAT
Tuning
Tool

Compiler and Debugger



PUBLIC USE32

The Complete Solutions Offering For Motor Control
Automotive Motor Control 

Development Kit Series

Automotive Math & Motor Control 

Library Set

Final customer applications, based on S12 MagniV / MPC / S32K MCU

FreeMASTER & Motor Control 

Application Tuning (MCAT) Tools

NXP Electric Motor Control 

Know-how
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The Complete Solutions Offering For Motor Control
Automotive Motor Control 

Development Kit Series

Automotive Math & Motor Control 

Library Set

Final customer applications, based on S12 MagniV / MPC / S32K MCU

FreeMASTER & Motor Control 

Application Tuning (MCAT) Tools

NXP Electric Motor Control 

Know-how

www.nxp.com/AutoMCDevKitswww.nxp.com/AutoMCLib www.nxp.com//FreeMASTER, MCAT

www.nxp.com/MotorControl
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