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Session Agenda

- Electric motor demands in Automotive

- Current/future brushed DC motor solutions
- MagniV portfolio for Motor Control

- Overview of S12ZVMB

- Live demo

- Conclusions
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Relay based vs
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Ease of control

Maintenance of
mechanism and motor

Speed control
Acoustic noise

Board Dimensions (Z-
axis)

Switching Frequency
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Motor Control Portfolio

32bit PowerPC MPC5744P

2 x 200MHz,1M-2.5M, PWM

Motor Control

MPC567xK
2 x 180MHz, SPE, Enet, PWM

Portfolio with

1SO26262 support MPC5643L

2x 120MHz, PWM
MPC560xP ‘2
64MHz, PWM

MPC560xB
64MHz, PWM

32bit PowerPC
General Purpose

S12ZVM 2
16K — 128K
GDU, LIN Phy g

MagniV Motor

Control Portfolio
S12VR

LIN, LINPHY,
2XLS, 2xHS,

with HV integration

General Purpose

with Motor Control

Capabilities

$12G
S12G, PWM, CAN

Application Examples

EPS

Door Module
Seat Module
Oil Pump
Water Pump
Fuel Pump

Cooling Fan
HVAC Blower
Window Lift
Sunroof
Sliding Doors
Wipers

Il 32bit PowerPC

I 16bit MagniVv
32bit ARM MO+

[ 16bit S12G

Q High temp 150C ambient
Target Safety Level (1ISO26262)
@ Level 2 = ASIL-B
Level 3 = ASIL-C
Level 4 = ASIL-D

8 - 128 KB 256-512KB 1-2MB
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OVERVIEW /
ADVANTAGES OF
S12ZVMB




S12ZVMB Family
LIN based Integrated H-Bridge driver

- Key Features: 'g Pierce Temp  10-Bit

- S127Z CPU @ 32MHz bus speed Ose. — 1 Digital

s Mt | bt

scll sclo RCosc. PLL Current Sense Components
- VREG + 5V/20mA switchable sensor supply +-1.3% (Op-Amp) MCU Core
- LIN PHY, LIN2.1/ 2.2 / J2602 compliant SP! S12232MHz Bus  CREEE —
. ’ ' ' _ G BDM win 48-64kB GDU 4ch 2 eireEleg
- High Voltage Inputs (HVI) with internal RNl Flash (ECC) MOS-FET-Predriver Components
connection to ADC for analog 12V | TIM 16b High-Voltage
Ch P
measurements © 63;4:;F W i arge :’/ZSP
- High-Side Drivers for switch panel and LED AR ) | (E¢© sense
. . 1#
- H-Bridge Gate Pre-Driver for 4-NMOS control BVeD 3 HV Inputs
(Gate Charge 50-80nC)
Options:

- Target applications:
- Windowlift / Sunroof

- LIN-controlled Valves for gases /
liquids (EGR-control)

- Seat-position, Lordosis
- Belt pretentioner, prefetcher

» Package: 48-LQFP; 64 LQFP
* Memory: 48 ... 64kB Flash
» Temperature: V/M /W
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S12VMBx in Windowlifter - Application Use-case

% Digital
. o Components
pa )
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SW'tcfii VIO o and Memories
- — +—
- o Charge | 5V Analog
— __ _HvV1 Pum i
= — - p | Components
————— ¢
= . —— HVI2 g9 Tem :
——— SCI0 S > -s OUE High-Voltage
ense Vreg 10V T
[ = VL SX Components
[ﬂ Q S12z Flash
Indicator oo HS1 = — No need for
external Bootstrap
LjE!_D — HSO g NV EEPROM @ HD = _/, . diodes
* | |
e | B
l KWU IRC PLL SR @ GHGL N
@ Debug & @ GHSO
; H-Bridge
:Programmlng —— - BDM Ext. Osc ADC B 9 . = GHS!1 M
Connector 10bit edrive |
oo B7 (7
m Altern. SCI1 l TIM PTU @ GLG1 Hall
® SPI&UART : GLSO Sensor
® based Test — @@ Win PMF - GLsl
® Connector Widog 6ch EVDD g EVDD |
Current Sense Hallout
(1 x Op-Amp)
Pinout representing functionality, 2 ba
not the physical location <§< %
L.]Shunt
L L
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S12ZVMB
MOTOR CONTROL
LOOP




Motor control peripherals integration
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PWM signals

GDU

Gate Drive
___________________ Unit

Fault Inputs

DCbus
voltage

PMF reload | PTU

Pulse Width P - = Phase
rogram A
Modulation 9 DCO Voltage

With Fault mable Analog

Trigger Digital Current
Unit Converter Sense

glb_Idok

>

Conversion
Command

Conversion
Result

Current Sense
OpAmp

Command
List (s)
(<=64)

RAM / NVM Tigger
ist(s
(<=32)

Result List
(s) (<=64)




Pulse Width Modulator Module (PMF)

- 6 PWM channels, 3 independent counters

- Up to 6 independent channels or 3

complementary pairs

- Based on core clock (max. 64MHz)

- Complementary operation:

- Dead time insertion

Top and Bottom pulse width correction
Double switching
Separate top and bottom polarity control

- Edge- or center-aligned PWM signals

- Integral reload rates from 1 to 16 cycles

- H-bridge configuration supported.
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Individual software-controlled PWM outputs

Programmable fault protection
PUBLIC

Complementary Mode
with / without dead time insertion

'
' !
PUMLNODEROTIE | ] | ] | ]
wooeimre | | | J I |
PAMO DEADTIE=1 | T [ 1] [ 1
roeommest W | [ 1 | |

PWMO (PINV=0)

PWMO(PINV=1)

a1
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Programmable Trigger Unit (PTU)
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* One 16-bit counter as time base
» Up to 32 trigger events per trigger generator RAM

« Trigger Value List stored in system memory Trigger Value Lists
* Double buffered list, so that CPU can load new
values in the background

» Software generated “Reload” & trigger event

« synchronized with PMF and ADC to guarantee
coherent update of all control loop modules

Triggerl
Trigger 2

Triggerl
Trigger 2

L JPTUTO

Control Cycle

Trigger Generator

(TG) 0 | |JPTURE

reload event | Delay T2 . reload event

Delav T1

Delay T(

)
L
It
f oOutgoing trigger events t ? [ PWM Reload
| | | Time base Event
| Control
| a ‘ Counter
| Async Com-

x
PTT .'("M mutation Event
|

I I I

Bus Clock
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List based architecture ADC

DMA integratEd RAM / NVM RAM Flexible conversion sequence and

Command Result Value List oversampling

Automatic Trigger Sys Clock Sequence List (RVL) Fully autonomous motor control

Sl i
Can be triggered by PTU, for (C Result 1 cycle which unloads CPU
accurate synch with PWM Result 2

Trigger Control Unit

SAR & C-DAC DMA

Up to 32 triggers per control
cycle per ADC

\ Trigger =——>

Restart
From PTU LoadOK

Seq_abort

Result 64

Inte;rupt

DANX 4

Takes commands from
From External Sample & Hold SRAM /NVM and stores

or OpAmp oAb results back into SRAM
w ANX_1

EANXO

External & OpAmp Inputs
Internal ADC channels

5 external channels

OpAmp output shared with ADC Monitoring Internal Signals Sample Time

external channel DC link, phase voltages, Vsup Selectable: 480 nsto 2.88 s 1.8 pus @ max. ADC clock for 12 bit

Vreg & ADC temp sensors
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Conversion Flow — Restart Mode
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Trigger Trigger Restart event causes

the command list to
Restart ‘ go back to top

ANO AN2 AN3 INT2 IANl AN4 INTO INT1

EOS EOL

Restart mode is ideal for motor control applications.
Internal or external (from other peripherals) trigger signals.

PTU can trigger the ADC generate a delay in the measurement. This will allow the ADC
to measure the current with right timing.

Everything is done by hardware so CPU does not suffer any load.
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Timing

-« The interconnection between
PMF,PTU and ADC allows
accurate timing for current

measurements. | PWM releoad ‘11

- Reload signal of the PMF
restarts the PTU counter and
ADC commands flow.

. PWM Atop J / l
PTU reload ¢

| PTU triggers TG‘l,

Measured
PTU control the time between

sh L~ ’
| unt current i o 0 I X
reload of PMF and ADC —v oo | conyersn

! trigger ' time q
measurements. : g | E

Everything is done by hardware.
No load for the CPU. ADCO queue
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The importance of measuring at the right time

D50-% 20144, My55461383: Frisep 02 04:05:22 2016

1 Wi 2 200 2004/ 5004/

Reload
event

High-side

Shunt resistor
voltage
PTU selectable
delay

Channel 1 Menu
4+ LCoupling BV Limit
OC
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2 000/ 18.3V

KEYSIGHT

TECHMOLOGIES

Channels
10.0:1
1001

Measurements
Freg(Z):
Mo admoc

Pk-Pk[Z]:

o d
Pl |

Freg(1):
Mo edges

Period(1]:

Mo edges

Frobe
~-

ADC
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Gate Driver Unit (GDU)

Supplies HS Gate Drive
Supports 100% duty cycle

Revarse Babie

supplies the LS drivers

charges bootstrap cap for the HS drivers

HD High Voltage Monitor @ typ. 21/27.3 V L ":i, S ——
| ' '
VLS Low Voltage trip point: 6.2 .. 7V s I 1 :
e |
//' -
/.r’
. . GCPCD[3:0 |
HD: divider 12 ; HS : divider 6 ADC |HD Div & T e
INT_|Monitor Charge Pumg Connect — } |
Phase
Com
Compares HS against DCbus/2 in HW INT_| b hs_en Lr'rl'lGI'GI . I['_-l—
T I —— Cas e —LC-; !—I
T rHGEHSx . = a I
¢ Phase Bootstrap Switch on/off ﬂ]r/’_f' L;J | —LC”"-T 'I Typ 50 nC
Switched in each sector ~|Mux - LS .

.. | umngl pl;f ol
e_om  F. L GLGx |
L H _LLL_[; %
Output current limitation of lout via rHGLSx —J._

selectable tref ... _ __________ T )
8 selectable slew rates Riarse
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Vs Monitoring & Overcurrent Protection

- After turning on (any) high-side or low-side transistor, the HSx voltage is monitored
- In case of de-saturation error:

programmable from 0.3V to

>LS/HS switched off Desat. Comp. [GDSLHSE] 1.35V in 8 steps (150mV st
HighSide Driver — . In 8 steps (150mV steps)
Y
: ' Filt (=) ] v
>Optional interrupt Desaturaion = H o
Eror High-Side €~ ) Vdesaths
High:Side FET
re-Driver ]
One HS and one LS per phase hs_on [ 1 GHGXI [Tl.-' Vs
Phase Comp. | 1
— GHSx
Phase Status —
—-—Vupl2
L
Desat. Comp. [ GLG ?
L{?:ESide Bﬁver o I t] xI [E‘ J"‘l"naz
Filter e LowSide FET .
Desaturation o —  GLSx
Error Low-Side. i LT
; _\k Fizanse
T iwegat.
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Current Measurement & Overcurrent Protection

R,
Vamp = R, Vsense | + 2.5V
1

Low-side Low-side
S].ZZVM . Driver Driver
- Sfi'f: : Phase-A : Phase-B
Oovercurrent s mm GOCT VDDA
condition -I
| o] -
_____ od 2*R,
|
[ AMPPx R
D \
ADC ——-’-—Q: 1 \N\ ? :
: ! R, A
AMPx | AMPMx |l V
: SENSE ; Rsense
T R, ‘ R;
1 \
W WA
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- Low side, current
sense amplifier.

- Internal Op-Amps
(w/offset
compensation)
each one linked to
an ADC channel.

- Gain / offset
selected by
external resistors.

- Integrated
overcurrent
comparator
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IN Physical Layer

LIN LIN Transceiver LIN Transceiver +
Transceiver + Integrated MCU + Voltage Reg.
VREG > =

MCU

MCU
HIGH

Voltage INTREGRATION

Regulator

- NXP offers a complete line of products to meet the needs of high-performance CAN

embedded applications.

- MagniV MCUs as S12ZVMB has an on-chip LIN physical transceiver and a dedicated

power supply using an external ballast transistor for its. Having this module on-chip helps
reduce the total amount of components required to implement LIN communication.

\r
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LIN Interface

LIN
$12zvvB
LINPHY

LGND
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Mandatory only for Master Mode

VBAT

C1

ESD1

Kl

Ll

Cc2

LIN Bus

DMLIN

RMLIN1
and
RMLIN2

Diode

Resistor: 2kQ

Power Loss:
250mwW

Tolerance: 1%

Package Size:
1206

Requirement:

Min Power loss
of the complete
master

termination has
to be =2 500mwW

Mandator  Reverse Polarity protection
y only for  from LIN to VSUP.

master

ECU

Mandator  For Master ECU

y only for If more than 2 resistors are
Master .

ECU used in parallel, the values

have to be chosen in a way
that the overall resistance
RM of 1kQ and the
minimum power loss of the
complete master
termination has to be
fulfilled.

For Slave ECU

RMLIN1 and RMLIN2 are
not needed on the PCB
layout
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LIN Interface

LIN
$12zvvB
LINPHY

LGND
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Mandatory only for Master Mode

VBAT

C1

—K

ESD1

Ll

Cc2

LIN Bus

DMLIN

RMLIN1
and
RMLIN2

Diode

Resistor: 2kQ

Power Loss:
250mW

Tolerance: 1%

Package Size:
1206

Requirement:

Min Power loss
of the complete
master

termination has
to be =2 500mW

Mandator  Reverse Polarity protection
y only for  from LIN to VSUP.

master

ECU

Mandator For Master ECU

B il If more than 2 resistors are
Master .

ECU used in parallel, the values

have to be chosen in a way
that the overall resistance
RM of 1kQ and the
minimum power loss of the
complete master
termination has to be
fulfilled.

For Slave ECU

RMLIN1 and RMLIN2 are
not needed on the PCB
layout

h

P



LIN Interface

Mandatory only for Master Mode

VBAT

—K

LIN Bus

LIN

$12ZVMB c1 ESD1 c2
LINPHY c2

+—

LGND
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Capacitor: Mandator

Master ECU: y
=560pF

Slave ECU:
220pF

Tolerance: 10%

Package Size:
0805

Voltage: 250V
Capacitor: Optional

Package Size:
0805

The value of the master
node has to be chosen in a
way that the LIN
specification is fulfilled.

Mounting of the optional
part only allowed if there is
an explicit written
permission of the
respective OEM available.
Placed close to the
connector.
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LIN Interface

Mandatory only for Master Mode

VBAT

—K

LIN Bus

LIN

$12ZVMB c1 ESD1 2
LINPHY c2

+—

LGND
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Capacitor: Mandator

Master ECU: y
2560pF

Slave ECU:
220pF

Tolerance: 10%

Package Size:
0805

Voltage: 250V
Capacitor: Optional

Package Size:
0805

The value of the master
node has to be chosen in a
way that the LIN
specification is fulfilled.

Mounting of the optional
part only allowed if there is
an explicit written
permission of the
respective OEM available.
Placed close to the
connector.
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LIN Interface

LIN
S$12zVL
LINPHY

LGND
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Mandatory only for Master Mode

VBAT

C1

—K

ESD1

Ll

Cc2

LIN Bus

Zener
MOV
TVS

ESD Protection

Layout pad for an
additional ESD protection
part.

Mounting of the optional
part only allowed if there is
an explicit written
permission of the
respective OEM available.
Place close to the
connector.
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S12ZVMB - Development Tools and Enablement

HARDWARE:
EVB for ~$200:
- Prototype-EVB boards available now (X-S12ZVMBEVB)

. In-Circuit Debugger/Programmer

COMPILER, DEBUGGER:
Codewarrior

Cosmic

Run time Software:

LIN driver will be available free of charge (befiore product launch)

APPLICATION NOTE, REFERENCE DESIGN, MIDDLEWARE:
Window lifter reference design
Window lifter Demo

Hardware Design Guidelines for S12ZVM Microcontrollers
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http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=USBMULTILINKBDM&parentCode=S12VR&fpsp=1&nodeId=0162468636C35E

Get to know the S12ZVMB64 EVB

The S12ZVMBEVB is a development board for the
MagniV S12ZVMB64 Mixed Signal MCU and
provides rapid and fully integrated single chip solution
to drive external power MOSFETS for 2Phase DC
Motor drive applications.

The particular differentiating features of this family are
the enhanced S12Z core, the combination of an ADC
synchronized to PWM signals using a Programmable
Trigger Unit (PTU) and the integration of “high-
voltage” analog modules, including the voltage
regulator (VREG), Gate Drive Unit (GDU) and a Local
Interconnect Network (LIN) physical layer.
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Power Supply Input

LIN Connector

S12ZVMB64 48pins LQFP
[4] LEDs
General Purpose

2-Phase Motor
Connector and GND

SPI / Hall Sensor Connector

OSBDM/USB
Interface

ADC Potentiometer

RESET Switch

[4] User Switches

General Purpose HVI Switch

HVI Potentiometer
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S12ZVMBEVB Peripheral List

I T

Power Supply and J1 Power supply Connector [+12V]

protection J3 Power supply Connector [+12V]

D2 Power LED indicator, ON when VBAT [+12V ]is connected to
the board

D3 Power LED indicator, ON when HD [+12V] is connected to the
Motor control interface

D4 MCU Power LED Indicator. ON when VDDX is regulating to
+5V

User Peripherals SW2 User switch (Active high)

SW3 User switch (Active high)
SW7 User HVI switch (Active low)
SW8 User HVI switch (Active low)
SW6 HVI Switch connected to VSUP/GND
SW1 RESET Switch
R58 Potentiometer connected to HVI
R65 Potentiometer connected to ADC port AN3
D13 UserLED - Green
D14 UserLED - Green
D15 UserLED - Green
D16 UserLED - Green
J21 2-Phase Motor control Connector with GND
Communication and J35 OSBDM/USB Connector
Programming Interfaces D17 OSBDM PWR LED, ON when OSBDM is successfully
enumerated as USB device.
D18 OSBDM STATUS LED. ON when OSBDM is successfully
transmitting as USB device.
J10/J9 LIN Interface

J6 LIN Master Enable
J33 Header selector for OSBDM_RXD/TXD
J31 SPI/Hall sensor lines with 5.0V and GND
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[910] LIN [J1/33] Power

[J31] SPI/Hall sensor ~ Connector Supply
Connector

Connector

[335]
OSBDM/USB
Interface

[SW2/SW3]
GPIO Switch

[J1] 2-Phase Motor
control Connector
with GND

[SW7/SwW8]
HVI
Switch

[R58/SW6] [Swé] [R65] ADC
HVI Interface RESET Potentiometer
Switch



Window Lift — Reference Design

- Features

- Smallest possible, of 2 or 4 layer PCB with
components only on the top.

- BDM Interface .Connector HDR 2x3 100mils
- Hall Sensor/SPI. Connector HDR 2x3 100mils

- LIN based communication. Including
bootloader functionality in the 2nd phase of SW
development)

- Overcurrent protection via an external current
sense resistor.

- Antipinch functionality enabled with the
combination of both the hall-effect sensor
feedback and the current sensing feedback.
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Window Lift — Reference Design
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Power Supply
and Protection

LIN Interface

Hall Sensor
/ SPI
Connector

TOLEDO

S127ZVBM
48pins LQFP

BDM
Interface

Temperature
Sensor
[Thermistor]

H-Bridge

Power
Mosfets

Current
Sensing

Connector 2




S12ZVMB Window lift ref. design

- Car window Is being AR
virtually simulated N
. Buttons to move the motor ] f v enavie 68
up, down or stop it.

- Current and encoder
pulse width values are
being plotted.

- Calibration routine
enabled

- SW enabled with Anti-
pinch algorithm.

S12ZVMB: Window Lift Demo v1.0

Motor Current

Time[ms]

h
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S12 MagniV Benefits

S12 MagniV solutions deliver optimal system cost and
physical footprint for sensor and actuator applications.

34

Reduced PCB Space
Up to 30%

Improved manufacturing efficiency
Replacing typically 3 IC by 1 MagniV reduces assembly and test cost while quality improves

Reduced Bill Of Material (BOM)

Fewer components to purchase, handle, store and qualify

Simplified motor control that speeds up time-to-market

Save up to 6 months on development, validation and 1SO26262 implementation
* Abstract the complexity of 3-phase motor control software development

* Production ready Automotive quality SW and Tools

« SafeAssure program
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