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" sfinition —
What is an Intelligent Battery Sensor (IBS)?

The Intelligent Battery Sensor is a mechatronic device
that fits in the terminal recess of standard batteries.

- The extremely low-resistance-shunt of the IBS provides
an optimum design from shunt to signal conditioning.

- The sensor is able to measure the battery current within
the whole range observable in a car from key-off to
cranking.

- It also provides the voltage between the battery poles
and the temperature of the negative terminal.

- Due to high acquisition frequency and a specific
algorithm, the IBS is able to derive the internal
resistance of the battery at the most relevant frequency
range.

« The scalable microprocessor concept makes it possible
to use either the sensor alone for data acquisition or
complete battery diagnostics with the integrated Battery
Monitoring Algorithm.

“freescale- 4




IBS: key application requirements

- Footprint
- Essential because of the battery housing
- Requires a single chip integration of all features

- Low power
- Need a continuous monitoring of the battery
- Requires typically 100 pyA standby overall current consumption

- Automotive robustness
- PHY layer needs to be automotive certified and accepted by OEMs

- Due to space constraints, EMC/ESD requirements must be
achieved with minimum amount of passive components
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Algorithm for IBS: What do we want to monitor ?

- A battery is an electrochemical cell that converts stored
chemical energy into electrical energy

- What are the main performances we want to observe?
- Available capacity at a given time (Is my battery charged ?)
- Lifetime degradation (Do | need to change my battery?)

- S0 a typical battery management algorithm will evaluate
- SoC: indicates ratio between available capacity and max. capacity

- SoH: describes the decreasing of the maximum capacity of the
battery
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*__ate of Charge Evaluation:

Current Integration Based
- Formula indicating SoC.:

SoC(t) = (Q“GHZ”,:Q — ) x 100

Q(t,) Initial charge of the battery

a Efficiency factor: dependent on temperature, current and direction (charge / discharge)
C, Rated battery capacity: de-rated over time

fs Sample frequency

- This method is also known as Coulomb Counting
- Requirements:
- Strongly depends on current measurement accuracy
- Implies a known and stable time reference
- Current must be monitored permanently, in both directions
- Battery temperature must be known
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*__ate of Charge Evaluation:

Open Circuit Voltage Based

Open circuit voltage vs. Residual capacity 25°C

- Another possibility is to use the P e ]
relation between SoC and OCV sl | ]
. g e

- Open Circuit Voltage is defined as 2 o
the voltage at the battery output, with | 3 =
no load current € ] ;

. & 5
- However, a good battery will have o I O I
a very flat OCV= f(SoC) response ST relmeepeyon T
Discharge characteristics of 100Ah Li-ion cell.
. w0 as'c
- Requirements N s

- Very accurate voltage measurement s 38 e Ogl\

- Measurement only after a given £, . A
amount of time after latest W | P . . i
charge/discharge i (i K | |

; L]
- Temperature measurement o 20 4 60 8 100 120

Capacity/Ah
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State of Health

- SOH describes the decreas of the maximum capacity of the
battery due to aging.

- As SoC, it can be evaluated in several ways

- Looking at the maximum SoC reached after consecutive full charge
cycles

- Counting the number of charge/discharge cycles
- Measuring an electrical parameter well correlated with SoH

- Generally, final algorithm will consider all these evaluations
(and some more, depending on the complexity) to determine
the SoH
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SoH estimation: Internal impedance measurement

- A battery can be modeled with a black box 5
voltage source and a series oA B (PN}
iImpedance ) . v““c)

- In particular, internal impedance of a ) 0 T
battery does increase with aging cB —oB

- Cranking condition is the best

_ _ o Remember Thevenin’s theorem !
situation to measure this impedance

A Y ’___'__,,/W
_ . AT
® R e q uiremen tS . Engine cranking
- Synchronous measurement of V and | \/\/\
- Measure high current peaks e TR

- Fast sampling rates

® £




Algorithms: summary of requirements

- Strong dependence on current measurement accuracy
- Current must be monitored permanently, in both directions
- Measure high current peaks

- Very accurate voltage measurement

- Measurement only after a given amount of time after latest
charge/discharge

- Battery temperature must be known
- Implies a known and stable time reference

- Synchronous measurement of V and |
- Fast sampling rates (to allow cranking pulse measurements)
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“% _eescale’s Intelligent Precision Battery Sensors -

Overview
EDN INNOVATION

R AWARD &) 7 32

2011 Leading Product
Mixed SignaiCategory | AECQ100 Qual

MM912J637 — 12V Pb (LIN)

MCU S12 (16-bit)

Flash 96k/128k ,

Data Flash 4k =t = ;
!

RAM 6k b=

Mixed-Signal Chip
LIN Physical Layer (ESD 15kV)
Watchdog
Standby Current <100pA (1sec Isense)
Vreg capability 50mA
Operating Voltage 3.5..28V
RAM Contents Guaranteed :2.5...3.5V
3x ADC (2nd Order Sigma Delta) 16bit
Current Measurement

Relative Accuracy <0.5%
Voltage Measurement

Relative Accuracy <0.2%
Temperature Measurement

Relative Accuracy <2K
Operating Temperature -40°C<Ta<125°C

48ld 7x7 QFN
w/ wet-able flanks

L £
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AECQ100 Qual
MM9Z1J638 — Multi App!ications (LIN, msCAN)

MCU S12Z (32-bit ALU)
Flash 96k/128k
EEPROM 4k

RAM 8k

msCAN

Mixed-Signal Chip

LIN Physical Layer
Watchdog
Standby Current <100pA (1sec Isense)
Vreg capability 150mA
Operating Voltage 3.5..28V (Vs3:52V)
RAM Contents Guaranteed :2.5...3.5V
3x ADC (2nd Order Sigma Delta) 16bit
Current Measurement

Relative Accuracy <0.5%
Voltage Measurement

Relative Accuracy <0.15%
Temperature Measurement

Relative Accuracy <2K
Operating Temperature -40°C<Ta<125°C

48ld 7x7 QFN
w/ wet-able flanks
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“%_ _eescale Intelligent Battery Sensors — Feature

Comparison

MM912J637AM2

- Application
- 12V PB Battery (LIN)

« Supply: 12V Vreg

. Communication
. LIN, SCI, SPI

- Just Enough MCU Performance

- Features

+ Cranking mode
. 2" Vsense
- External Temp sense

+ Full Temp Range
-40C.. 125C

PPAP completed
SOP: 1Q13
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MM9Z1J638AM?2

- Applications

- 12V Pb Battery (Lin, CAN),
14V Li-ion Battery, Multi-battery apps, HV
Battery Junction Box

« Supply: 12V Vreg
- Communication

« msCAN,LIN,SCI,SPI

- Higher MCU Performance

- Features

+ Cranking mode

- 4 attenuated Vsense and 4 direct Voltage
Pins

- 4 External Temp sense

+ Full Temp Range

-40C.. 125C

Final Silicon, PPAP: 4Q13,
SOP: 4Q13
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MCU Die - comparison ‘637 vs. ‘638

PTB Amplitude Controlled
[1:0] Low Power Pierce Osc.

PLL with Freq. Modulation option

Single-Wire Background Debug

Module

Internal Bus ‘

OSC Clock Monitor

COP Watchdog

v

Reset Generation and
Test Entry

Periodic Interrupt

S$12zZ CPU

ALU

Interrupt Module

Ly
i
=
=)

a

Debug Module

include 64 byte Trace Buffer RAM

[ Flash 128k Bytes with ECC

K=

[ EEPROM 4k Bytes with ECC

K=

\ RAM 8k Byte

K=

PTA

DDRA
=
g &
3
«
O
>
z

> =]

VREG
1.8V Core
2.7V Flash

D2DI

Legend:

mask
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MCU Die

Change vs. previous version,
Validated on previous silicon /pizza

No Change vs. previous version,
AEC Q100 qualified

Mol |- benefit/impact
(637) (638)
More performance. New compiler,
minor SW adoptions needed
CPU core Si2l Stz mainly on linker level. Peripheral
SW modules can be reused
up to
up to 50MHz Bus
Clock Freq 32%”_'2 Freq More performance.
(100MHz
CPU)
: . linear .
Addressing| paging addressing simple S/W, faster access
True EEPROM. Different
Data Flash/ 4k 4k EEPROM Diriver & Data Storage

Dataflash EEPROM

System, Different Flash SW driver

S350 with ECC  with ECC (only relevant if programming
feature available in boot loader)
8k with Extended to 8k, added ECC
RAM B ECC feature
GPIO Port A Yes Yes added msCAN module
msCAN no Yes
14 wva




Analog

. ..1alog Die - comparison ‘637 vs. ‘638

Test
Interface

Reset
Control Module

Trimming /
Calibration

Interrupt
Control Module

}

Die To Die
Interface

=)

=)

=)

Internal Bus|

<‘I:\> And

Current Sense Module

Scaling to diff
shunts

PGA
with Auto Gain
Control

Analog Die
(637)

Analog Die

(638) benefit/impact

Low Pass Filter

Control

ADC Regulator

Vsense

2 inputs, with

Extend to 4 inputs with
attenuation, and

4 direct inputs without Extended sense

VBAT Sense Module
(AAF, and optional Inputs)

,,,,,

attenuation attenuation (external resistor capabilities
divider)
Vsup, Vsense 42V Vsense3 rated 65V, for truck Higher rating for truck
max rating application application

PGA

8 different gains,
auto gain
switching

Reduced to 4 gains,
changed layout to improve
noise, auto gain switching

Better accuracy

Internal Chip

Temp Sense 16 Bit
<):> (with optional ADC
external inputs)

Wake Up Control Module
(with Current Threshold
and Current Averaging)

=)

'

Cascaded
Voltage Regulators

VDDH =25V

(D2D Buffer)

VDDL = 2.5V
(Internal Digital)

VDDX =5V
(MCU, ext CAN Phy)

BIAS

=

Die

4 Channel Timer

—_—
TXD dominant
fault detetction

LIN

Physical

Layer

® £
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External Temp

1 ext. channel

Extended sense

up to 5 ext channels. Routed capabilities. ADC cross

No Change vs. previous versior

AEC Q100 qualiied

sense via port B check.
capability extended to
VDDX 5V - 50mA 150mA CAN phy consumption
vdda 2.5V, capability VDD a extended up to 4mA account for additional
less than 2mA ext Temp sensors.
LIN IP for LIN 2.0 - Added TxD dominant
2 2.1 and J2602-1 SRR fault detection
Includes CAN wake
GPIO Port B |4 input ouput ports| Port B extended to5 pins  up, ext Vsense and
external T° sense
CAN Wake up No msCAN CAN wake up via PTB
ated -'l’ll(*'.’lr‘::..j.’n,cw‘q"'»; pizza mask
15
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Target Applications

’ = VSUP
i +——— AN —] VSENSED

Rsewse ‘I VDDX
Battary Minus Pole e v VDDA
PAD
- e
[ T

en  vdd
L Lo— 2 PTBS ™ |—{tx
R in%ce
- $in RxD r
e H ISENSEH canl_canH
Oia Shunt £
r I ISENSEL PTB4
Chassss Grownd —— I
- Vehicle
CAN bus

12V PB Battery (CAN)

»l
| I ]
+—r l "~ [wanary, — -2 R <
z ( __5'3, VSENSED [V Qeich s
iy = A —] vsEnse O
S Sy : /’.__‘_ AN VOOA m 4 A
Y 25 e T fdes ™ T PR LN |- ) =2 — PTB2
| HV Pack Pret
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o T | | b = ,‘._.'\_A.] =
| = AN— VSENSE"
|
|
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......

s ‘ -
= ¥ "

Multi- Battery Multiple Cells HV Battery Junction Box

l.e. 14V 4 cell Li-ion

.1
'l

ISENSEL gy,

lll-«

R
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A
Overview

25 8 B 55 %8
= F F = (= =T =1
a o R o > > @ =
A 4 & & AhAA\
Y¥YVvY W L4
Analog o —SLP
— Watchdog e GPIO Bias »| Regulator(s) - VDDA
Digital = GHOA
L 'y r
MMC -+ 4 F E
Oscillator scl |les| un [T
D2DCLK > - - LGND
DZDINT |+
MCU Se—+ D20 | |a r v
- = iRl
Die <[ > Interface = Timer Wake Up | Fuse - —vruss
Hre : E | Power Down Box N
) = ry 'y ) .
J: v v +_ ++-\:H.--\.-L|E
Gain and offeat compensation .
Interrupt Prog. Low pass filter Gain and :ﬁ L= ADCGND
Confrol DECV DECC compensaton
3 F Y &
AECET A+
Test
TOLK "I interface -+ Battery Voltage| |Battery Current] Temperature o TSUP
TEST_A . Measurement | | Measurement Measurement v
F F A F Y
[F1] J - o
g B B >
3l = = = =
= -
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Figure 14. Analog Die Block Overview
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Acquisition channels
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Measurement Channels Structure Overview

Same V and | channel structures allow synchronization between voltage and
current measurement

Hyiy

P A,

+{SD

i

>
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Gah

qTECS
ETGC)

Offret
o)

atfeet
L]

Offzet

Aoy
ETD

SIMCS
HIR HSINC'I H LFF =

Farmat &
Clamp

2

SIMCS
+IF

SN H LFF

Format &
Clamp

SIMNCE

%»{SINC’l }—»
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y
Current Measurement

B attery
Minus
Pole

ISEMSEL o

RsHunT C ompersation Dﬁ:ﬁg‘:‘” =| LPF |—= 2aBit
ISENSEH

Chassis ————

Ground —

Digital Chopper

Feature Summary: . Ratings Symbol Min Typ Max | Unit
¢ Dedlcated 16-b|t Slgma Delta (ZA) ADC “’Jmuil::mp«:mm based gain compensaton adjustment' ' ¥ — 05 iva 0s ‘ %
- Programmable Gain Amplifier (PGA) with 8 P e ol e — 2 L] -
programmable gain factors e T - %
- Gain Control Block (GCB) for automatic gain e i - - )
H ermmal voltage 'lY— ~3 < mv
adJUStment differential sigral voltage range Yeio 200 200
- Simultaneous sampling with voltage channel SR nont I eeswes ¢4 o8
) . FRasslor Threahokd 10f OPEN Detection Roeen 08 1.25 8 I~ MOhm
- Gain and offset compensation Ratings Symbol | Min | Typ | Max | Unit
- Optional chopper mode with moving average Iy e =
- SINC3 + IIR stage w o :
q 0 - Tuppars 05 50 Hz
- Programmable Low Pass Filter (LPF), configuration i s i wmes cne R 0 -
Shared Wlth V0|tage measurement Channe| Gain Change Durason (Aulomate GCB acive) Toc i m

- Shunt open detect sensing feature

- Triggered sampling during low power mode with
programmable wake up conditions

® £
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Voltage Measurement

WOPT ESD [ngut
Eﬂ_ S".“.'Elp \
Lpe| D428 Decinat
MUK TA Compensation e LPF | — - 16Bit
DIv28
vaense [(H Esp /(
et
Digital Chopper
Featu re Su mm ary: S Ratings ?Fr:;:l Min Typ Max Unit
- Dedicated 16-bit Sigma Delta (ZA) 35V <Vsyp <50V 05 20 v
50V=Vgp=28V 05 28
ADC . . . . . Gain Error=*/ = VGAINERR
- Fixed high precision divider 18V <V<28V 05 05
- . IsEVEViy=18Vv -04 04 %
- Optional external voltage input 35V < Vi <50V 025 025
“VOPT” 5.0V £V < 18 V252N 015 0.15
o o 0 Dffset Error'<®7 VOFFSETERR -15 15 mV
- Simultaneous sampling with current  meswonwr R are=2210m Vees 5 mv
Channel Ratings Symbol Min Typ Max Unit
- Gain and offset compensation By e uston N
- Optional chopper mode with >500Hz (fsrop) 0 30
1 Signal update rate™>’ i 05 80 kHz
movi ng average Siznal pzth match with Current Channel fl\:;j-:g: 1.0 ps

- SINC3 + IIR Stage

- Programmable Low Pass Filter
(LPF), configuration shared with
current measurement channel

£
<
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Temperature Measurement

L T=UFR gﬂ TSUP

It
Swap

internal
R1 Tempsense

¥

¥

hLIX A

Compenzation

¥

Decimation

Feature Summary:

- Internal on chip temperature
sensor

- Optional external temperature
sensor input (VTEMP)

- Dedicated 16-bit Sigma Delta
ADC

- Programmable gain and offset
compensation

- Optional external sensor supply
(TSUP) with selectable capacitor

- Optional measurement during
low power mode to trigger
recalibration

® £
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Wref
Digital Chopper
Ratings Symbol Min Typ Max Unit
Measurement Range Travce 48 125 T
Accuracy Tace
404C < T, <60 *C* 20 20 K
d0°CcTa2125°C 30 30
Resoluton TRes B0 mK
TSUP Voltage Output, 10 pA < Trgyp < 100 pA Vi 11875 1.2 131235 v
TSUP Capaciior with ECAP = 1 , 209 20 =il —oF
Max Calbration Request Interrupt Temperature Step Toastep 25 25 K
Ratings Symbol Min Typ Max Unit
Signal Update Rate’™ HUPDATE 10 a0 kHz

23
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Timers — 4 channel 16-bit timer module

. D2D Clock / 4 or ALFCLK
- General purpose timer i

- 4 independent channels — T channel 3 output
- Input capture —
- Output compare PRESCALER [« ~—
- Interrupts [TonmToTa ] =
- 1 per Channel {\P CLEAFR COUNTEE. - Y ¥
Ti f L] 16BITCOUNTER [* e e
- limer overtiow . + — —or 1| LoGIC = TOF
- Clock prescaler (1-128) CEANNEL 0 [=1]
- N me—m—o - - — — — T
16-bit counter —J 16BT covparaTor || cor | —— - CcoF . CH 0 CAPTURE |
TCO - IO PIN
Normal mode clock: ED(tE TOVO Lo T06ic | cat o covmarz, [P !
D2DCLK / 4 (8 MH ESNELS ocT— ™ l
- z | |
max.) : | | | I
141 | |
Low power mode clock: 1 | I | r
| ! L
- ALFCLK (0.125 — 1 kHz) | oo o
| |
: | | | |
. . | |
Optional Timer counter CHANNELS : :
reset on chanr:el 3 ouput ] teBrrcomparaTor e[ GF | [ ®C3F | | CH3CAPTURE |
compare even TC3 4 OM-OL3 = {10C3 PIN
: — =D _ TOV3 | | 1O6C |css compare |0 P |
Optional wake-up over - e | 4 | o] |
PTBO-3 (GPIO) EDGIB - 1003 [ _——_ _ _ _ _ _ _ J
'O
VR ™ 25 -
Z " freescale




y
A

Timers - life time counter

- Flexible up-counter running in normal and low power mode
- ALWAYS based on ALFCLK
- Overflow interrupt and wake-up

Table 275. Module Memory Map

Offset' ™2 Name 7 6 5 4 3 2 1 0
LTC_CTL (hi) R 0 0 ] ] 0 0 0 0
0x38 Life Time Counter control
i
register W | LTCIEM LTCEM
LTC_CTL (lo) R 0 0 ] 0 0 0
0x39 Life Time Counter control |,/ LTCIE LTCE
register
0x3A LTC_SR R | LTCOF 0 0 0 0 0 0 0
Life Time Counter status reqgister [\W | 1 = clear
R 0 0 0 0 0 0 0 0
0x3B Reserved
'.ln.r
R
LTC_CNT1 W
0x3C ) - .
Life Time Counter Register R
W
LTC[31:0]
R
LTC_CNTO W
0x3E ) - ] |
Life Time Counter Register R
W

® £
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GPIO - General purpose input output

- 4 pins (PTBO-3)

- PTBO0-2 i
« 5V PTB3 /L0 [ ] . ~ PD3
= Input / output |
- PTB3 I —
= High voltage capable (42 V)
= Input only o - "
- Wake up detection I _ P .
- SCI Rx/Tx . 7|, e
- Timer 0-3 IC/OC - el Wiake-up
« LIN Tx/Rx e
- PIN direct control o |
- Optional pull-up (PTB0-2)
N Optiona| pU”-dOWﬂ Figure 42. General Purpose I/O - Block Diagram
(PTB3)

® £
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Interrupts

- Common vector on S12 for all analog die interrupts
- INT_VECT regqister shows individual source

- Interrupt mask register for each source

- All interrupts are nestable

Fixed priorities

Table 95. Interrupt Vector / Priority

IRQ Description IRQ Priority
Mo interrupt pending or wake-up from Stop mode 000 -
UVl | Under-voltage interrupt or wake-up from Cranking mode 0x01 1 {highest)
HTI High temperature interrupt 0x02 2
LTI LIN driver over-temperature interrupt 0x03 3
CHO | TIM channel 0 interrupt 004 4
CH1 | TIM channel 1 interrupt 0x05 5
CH2 | TIM channel 2 interrupt 006 6
CH3 | TIM channel 3 interrupt 007 T
TOV | TIM timer overflow interrupt 0x08 8
ERR | SCl emor interrupt 0x09 g
TX SCl transmit interrupt Dx0A 10
R SCI receive interrupt 0x0B 11
CVMI | Acquisition interrupt 0x0C 12
LTC Life fime counter interrupt 0x0D 13
CAL | Calibration request interrupt 0x0E 14 (lowest)

® £
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A
Window watchdog

Can be used as conventional or window watchdog
Clocking based on low power oscillator (independent from S12 MCU)
Active after reset or wake-up

Disabled during low power mode

- During stop mode, the S12 watchdog can be used instead (inactive by
default)

Configurable timeout (4ms — 2048ms)

WD Register

WRITE = OxAA
Window WD timing (tuoro) ! (to be continued)
tworo/ 2 g L thora! 2
A
WD Register Window Watch Dog Window Watch Dog
WRITE = 0x55 Window Closed Window Open
Inital WD Reg. Window Watch Dog Window Watch Dog
WRITE = OxAA /V‘ Window Ciosed Window Open

Standard Initial Watch Dog (no window)

RESET_A release

Figure 39. MM912_637 Analog Die Watchdog Operation

® £
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Serial Communication Interface - SCI

Digital part of serial communication (e.g. for LIN)

Full-duplex, standard non-return-to-zero (NRZ) format
Double-buffered transmitter and receiver with separate enables
Programmable baud rates (13-bit modulo divider)
Interrupt-driven or polled operation:

- Transmit data register empty and transmission complete

- Receive data register full

- Receive overrun, parity error, framing error, and noise error

- Idle receiver detect

- Active edge on receive pin

- Break detect supporting LIN

Hardware parity generation and checking

Programmable 8-bit or 9-bit character length

Receiver wake-up by idle-line or address-mark

Optional 13-bit break character generation / 11-bit break character detection
Selectable transmitter output polarity

Single wire mode

® £
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Operating Modes & Wakeup
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Operating modes- overview

Normal Mode

- All device modules active

- MCU fully supplied, D2DCLK active analog die clock
source

- Window Watchdog clocked on independent clock

Stop Mode
- MCU in low power mode, MCU-Regulator Supply

reduced current capability, D2D interface supply
disabled (VDDH=0OFF)
- Unused Analog Blocks disabled, watchdog disabled
- Optional : wake-up capabilities
- Optional: Current and temperature measurements
Sleep Mode
- MCU powered down (VDDH and VDDX = OFF)
- Unused Analog Blocks disabled
- Watchdogs = OFF
- Optional : wake-up capabilities
- Optional: Current and temperature measurements

Intermediate Mode
- Transition from Stop/Sleep to normal mode

Reset Mode

- Reset state (driven by both analog and MCU)
Power On Reset Mode

- Indicate a loss of internal state

Cranking Mode
- Special Mode implemented to guarantee the RAM

content being valid though very low power conditions.

“freescale"

RESET
Event

Al PN
MCU: JDDRX /p‘;m

Cranking

.' /
|Wake Up
| Event

‘MCU IRQ

Stop Mode

\_’

Event Reset Event Reset Event

'} Cranking Mods not avaliabls on all device derlvatives

ANALOG: VDDL < Vaom,
MCU: VDDRX<Vpoma
\

RESET
?one / Cranking . Event
Event / \
Cranking Event \
gone Cranklng
Event
|
St . l
Normal Mode @m"‘fg‘“
\ Wake Up
Event
y (MCU
MCU Power On)
MCU ’ f

‘\0
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“%_ fferences between sleep- and stop mode

(SW perspective)
- Differences between sleep- and stop mode:

- Starting point for the software after wake-up
- Current consumption (different values for analog and MCU die)

- Sleep mode
- MCU is not powered (disconnected from the supply)
- First instruction is fetched from power-on reset vector
- All hardware and software initialization code is executed

- Longer wake-up time but less current consumption compared to sleep mode
(see next slides for details)

- Stop mode
- MCU is in stop mode but still supplied

- First instruction is fetched from the wake-up ISR. After the ISR, the first
instruction after the STOP command (to go to stop mode) is executed in the
main program

- No software initialization, minor hardware initialization (mainly wait for PLL-lock)
- Faster wake-up but more current consumption compared to sleep mode
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Typical mode transitions in the application

Current
A
This cyclic measurement
generated a wake-up
event
\ \\ // \\ >Time
System is in normal mode. System is in stop/sleep mode. System is in stop/sleep mode.
SoC/SoH is updated Cyclic measurements are Power consumption is minimized
performed Wu sources are enabled

- Device is put into stop/sleep mode most of the time to decrease
current

- Regularly, the system wakes-up and performs updates of SoC/SoH

- Cyclic measurements allow coulomb counting and detect any activity
In the car (typically every second)
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Wake-up Sources overview

GPIO [wr | - Cyclic Current Acquisition /
WKUP |« . .
e I Calibration Temperature Check
T - Three wake-up conditions are
" PTB0 . implemented.
Output Compare CH3 L © | [wr) ) - Current Threshold Wake-Up
Output Compare CH2 I—H T/ Sytem = Current AmpHour Threshold Wake-
PTB1 Wake Up
Output C CH1 —
e omeer I 0 WUPTB1 |—' N P = Calibration Request Wake-Up
Output Compare CHO f .
i LES L/ } - Timed wake-up
5 P82 _ . - Programmable wake up timer with
110 - =1 WLPMF b -
— ) ) e integrated 4 Channel Timer Module
= ] available during both low power
i 0 WUPTES \I . - Wake Up from LIN/CAN
- - Wake Up on Pin : PBT3/LO with
m IR - [WUAHTHF] pin 0 to 1 transition (rising edge)
| [ WUCTHF | i i
LIN Wake Up detected ) | WUCTHE | - Wake Up on Life Time Counter
:L\ — Overflow
- WUAHTH > _WULTCF . .
Ut Thoset ) s - The life time counter can be
Current Acoumutor | | = configured to run during low power
Current WUCTH |-> .= mode, Once the counter overflows
Thveshod eacred_f1L— ) with the life time counter wake up
Calbraton Reques! 1 wocaL Jof enabled, a wake up is issued.
S— L/ - General Wake Up Indicator
ITe Time Lounter - . .
| W B - Toindicate the system has been
Overfiow L woken up after power up
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Trimming and Calibration Overview

Bandgap LF =
o p—
FLASH {x3) Oscillator TSENSE
cPU el > D:3|= » VSEMSE
IcG LIM Ls ISENSE

MCU dle Anglog di

- Factory Stored Trimming

- Trimming will use factory measured and calculated values stored in a
special Microcontroller Information Register to be loaded into specific
registers in the MCU and analog die at system power up.

- Calibration

- Calibration will be done during operation of the system using internal
references or specific measurement procedures.
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Factory Stored Trimming

- Microcontroller Chip
- Internal Oscillator Trimming (ICG)

= Optimum trim value is determined during Final Test and stored into the
Information register block of the MCU FLASH memory. During power on of the

microcontroller, the trim value will be automatically stored into the MCU
trimming register.

- Analog Chip
- Low Power Oscillator Trimming
- Band gap Reference Trimming (BGAP)
- Temperature Sense Module Trimming (TESENE)
- LIN Slope Control Trimming

Trim information is determined during Final Test and stored into the
MCU FLASH memory.

On device every power up, the corresponding trim value needs to be
copied into the desired register.
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Calibration - Periodic Adjustment during Operation

- Voltage and Current Sense Calibration have to be performed during
system operation

- Initiators for re-calibration would be
- A system power up occurred (to be initiated by the MCU)

- On a regular basis before or after low power mode - based on
application software flow.

- The junction temperature measurement result significantly differs from
the “last calibration temperature buffer content. The analog die
constantly compares the “last calibration temperature buffer” vs. the
current temperature measurement and issues an interrupt once a
significant difference is detected.

- A significant temperature change was detected during low power
current sense2. The analog die compares the “last calibration
temperature buffer’ vs. the temperature measurement and issues a
wake up once a significant difference is detected.
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“%_alibration - Periodic e e
& TBUF === TEMP Sower
Adjustment during e
O pe rati o n Zne Parallel |-y HE:BE{I:EFI‘I'EHIZEI‘ ',.rﬁf:_hl:
- General Calibration Flow 3 ]
- The current and voltage o N
F

measurement calibration can be _
divided into 3 phases: Resuits wankn toterance?

= Phase 1 - Verification Phase:
One parallel (1/V) acquisition of the

VREF_ND reference is done in order to | Cateraton St
identify an existing inaccuracy. Based = ——
on the application flow, phase 1 could | T
be skipped by immediately performing Farale Ly Miessuremet o 2o 0) 3150
phase 2 calibration after trigger. e et T
. . g |» 1
= Phase 2 - Calibration Phase: ] B P e—— |
Once Phase 1 identified an inaccuracy, A oI E callronio
the actual calibration phase would s || | [
perform a parallel offset compensation £ | | | i hmex VO s e
measurements (I/V) followed by one BN
gain compensation measurement. B !
H - - H&mwmﬁfpmemm
= Optional Phase 3 - Verification phase: Burers
To ensure effective calibration, an 3 ! I
additional verification phase can be | Callbwation Camplete |
performed (1 measurement). |
E ‘g | Cpfianal Wenfication Phass |
i -
. :
L
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“%_)ltage / Current sense Module Calibration -

Normal Acquisition Flow

1. TEMPSENSE - Current temperature
measurement result located in the ADC
result register.

Sea Tm Mcu /N | 2 LAST CALIBRATION BUFFER - At the
ace start of a calibration sequence (Phase
Gain Control 2), the current temperature
Block T (TEMPSENSE) is stored into the buffer

to memorize the calibration

8t temperature. This value is used during
¥ 7 ¥ : low power current sense to wake up on
B — : any significant temperature change and
X ) N -~ PGA Sigma Delta Sing3 i during normal mode to issue an
ProgrammebeT™ "apc || Decimator & interrupt on the same temperature
¢ : change.
Offset i 3. VREF_ND - Non Drift Voltage
Compansation Offset | | Gain e reference. Very stable voltage reference
] J—T ]_' CompzieiT] ) e : implementation to compensate any
. I — 3 temperature, lifetime or similar effect.
I Low Pass L £ 4. VREF_ND FLASH LOOK UP TABLE -
Filter Offset | .  Gain » This table stores all ideal results for the
Compenstion| | Compenstion measurement results of the VREF_ND
acquisition of both chains in 20 °C
VOC_Bufier }J increments in the MCU flash memory.
o || sgme pets Sine The values have been calculated during
i ADC Decimator final HOT and COLD test (and
e interpolation).
N 5. PGA OFFSET COMPENSATION - In
8t order to eliminate any PGA offset effect,

7 an local compensation is performed
based on the current gain setting.
During a regular acquisition the differential ISENSE(L/H) will be routed through the Programmable Gain 6. GAIN RATIO FLASH LOOK UP TABLE

Amplifier _(I_DGA)_. _ _ _ _ ) - This look up table is used to compute
The amplified signal is converted by the Sigma Delta converter and decimated in the SINC3 decimator. the correct gain compensation buffer
In a similar procedure, the VSENSE signal is routed through the voltage divider stage followed by the values based on the result of the
Sigma Delta ADC and SINC3 decimator. smallest value measured

Both signals are processed by the same programmable low pass filter, offset- and gain compensation
stage in serial.

For both chains, the Offset and Gain Compensation is based on the content of the COC/VOC and
CGC/VGC buffers located in the analog die logic.

Once a trigger calibration event occurs, a calibration sequence has to be initiated by the
microcontroller.
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Verification Phase (Phase 1)

- Once a calibration trigger event has occurred, phase 1 verification = (Télf;?cifr/é\gts Setto the minimum gain
Is executed to do a single acquisition to evaluate the accuracy of S e .

the Compensatlon' 2. The Voltage Divider is bypassed

(accuracy is guaranteed by
implementation); voltage offset and

gain compensation are set to buffer 0

Calbraiion VREF_ND 3. The PGA offset is calibrated using
Trigger FLASH MCU PGAOC_Buffer0.
Logik Up Table AN

4. The No-Drift-Voltage reference is
— connected to the input of the PGA
[EAm=] —  and VSENSE-Sigma Delta ADC.

5. A full parallel acquisition is
performed with the low pass filter
bypassed. Offset and gain
compensation are done with the
buffers described under 1. and 2.

£l
+ L 3

FaA
] Eigma D=k Sinc3
Programmazie ADT Decimater

s A

Offged
Compensation Oftgel Gan

6. Both (current and voltage)
acquisition results are compared to
the VREF_ND reference look up
table value for the actual

temperature.

B —
MFEact B

Campensiion Compenston

VREF_ND
[io Orift
Reference

7. If the comparison shows a significant
el Gamn difference, a calibration sequence

f—
—

FIGATC_Buier? ¥ coerpanstion[ ™ compenstion (phase 2) is necessary.

8. If the comparison is within limits, the
VOC_Buter actual temperature should be copied
Sgma Desa Sinc3 into the calibration temperature

ADC ecimatar buffer to avoid reoccurring trigger
interrupts.

:
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A
Offset Calibration Phase (PhaseZ2a)

Once phase 1 has detected a significant mismatch in calibration, a phase 2 calibration sequence has to be
performed to adjust the gain and offset compensation buffers. Phase 2 can be divided into phase 2a to calibrate the
offset compensation buffers and phase 2b for the gain compensation buffers. Both, 2a and 2b, will require one
acquisition each.

1. The PGA is bypassed; current

offset and gain compensation
Calbratizn are disabled.
- Triggs MCU
TEMP T £ | 2. The Voltage Divider is
Lt bypassed; voltage offset and
TEMPEENSE #—p| Caileation — gain compensation are
Temp Eufter disabled.
3. Both current and voltage
EEEEE Sigma Delta ADC inputs are
PE& E
o e sgmaces | | _sha set to O (zero).
Galn Amp Her - COC_Bufter 4. A full parallel acquisition is
= performed with the low pass
ot J omet | | can filter bypassed.
___, = .
el e i I b ; 5. Both (current and voltage)
2 2o 130 : E acquisition results are used to
. o omet | | oan F compute the offset
| Gomeenzzon [ Comoerstion compensation buffers for the
current and voltage chain.
- 1
Sigra Defa S “—"i&‘ 6. In parallel, the PGA is
soz [ Decmator performing a local loop offset
compensation calibration,
v updating the PGAOC Buffers
0..7.
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Gain Calibration Phase (Phase2b)

- Once all offset compensation buffers have been computed in phase 2a,
phase 2b will use one acquisition to compute the gain correction buffers.

1. The PGA is set to the minimum gain (4);

Caltegiion current offset compensation is enabled
— VREF_KD SAN Rato and gain compensation is disabled.
FLASH ML FLASH
Lok Up Tatlz Lok Lis Tabie .f_’h‘_\. 2. The Voltage Divider is bypassed

(accuracy is guaranteed by
LE.,JEl L implementation); voltage offset

- compensation is enabled and gain
compensation is disabled.

L2 3. The PGA offset is calibrated using
Y ¥ PGAOC_BufferO.

PGA
Programreabls L4—] Slgrre Cwdla N Bnci

Gain AmziHfier ALDC Di=zimator
Citset

Compensalion Critset Galn

! Comiperstion Compensiion
M—Jpaanc_suten

4. The No-Drift-Voltage reference is
connected to the input of the PGA and
VSENSE-Sigma Delta ADC.

5. A full parallel acquisition is performed
with the low pass filter bypassed.

;

. Both (current and voltage) acquisition
results are compared to the VREF_ND
reference look up table value for the

Crifset Galn i i
= » actual temperature. The difference is
—[FEanc_sunen] . —H - . .

Ny R | [ used to compute the gain compensation

buffer 0 for the current and voltage
Voo | | chain.

SigmaDefta | | Snc3 7. The remaining gain compensation
ADC Dzzimator buffers are calculated using the factory
trimmed Gain Ratio Look Up Table
'iv? stored in the microcontroller flash
memory.

WREF_ND
K Ot
Refenence

1

T ol [ (s — B0 vt e
o
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Development Tools Overview

Compilers e
- CodeWarrior P e e =S
- Cosmic = ‘

IDE

- CodeWarrior v10.3 (Eclipse based)
- Cosmic Win IDEA

- Eclipse

Programmers
- P&E PROGS12Z

- Debugger
- CW & P&E S127 Debugger
- Cosmic Zap Debugger

Debug Interface

- P&E USB Multilink Debug Interface

- Cyclone Pro Programmer

- 3rd Party Debug Interfaces
(ISYSTEM/Lauterbach)
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http://www.eclipse.org/
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Hardware

- Standard EVB - KIT9Z1J638EVM
- Status:

KIT912J637EVME KIT9Z1J638EVM

> » '

<@
| \ y
!

-
T .- - -

) é g e (P & LR
'@ pumifreescale

i

o vovecen e CodeTER?, Codelarice, OWFre. CnFrns, C-Mmn e Energy s Bukhort g, S bt retivs?, B8 e
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KIT9Z21J638EVM — Hardware Features

- MM9Z1 638 Xtrinsic Battery Sensor in a 48-QFN package with wet able flank.

- On-board BDM connection via open source OSBDM circuit using the MC9S08JM60
microcontroller .See www.pemicro.com/osbdm for OSBDM source code

- High-speed CAN interface

« LIN interface

- Customizable GPIOs for voltage and temperature sensing
- LED indicators

- Support for USB Multilink Interface BDM

Extemnn
850M Pont

Xtrinsic Battery Sensor
MMSZ1J638AM2EP
48 QFN

LN
SHY

OSBDM

Extarnal
Voiage Sense Tamperatura
Input Pins Sense input
Pins
PTE[4..0

Block diagram of the KIT9Z1J638EVM
. design with the primary components
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12V Lead Acid IBS Application with MM9Z1 638

Datasheet 12V Application Application diagram

Shunt + board

Vehicule load

MM9Z1_638
l

VSupP
VSENSED

Battery plus (+)

12V VDDA

PTBO
pBSE | ] |TTTxz=TTTT"

A
Battery minus (-) T

Stunt sEee] Precision shunt
ISENSEL
L. GNDs

e

Car chassis ground

"

Measured current

Vehicle current - Resistance value : 100uQ +/-5%
+ . e
IC current - Manufacturer : Isabellenhutte
PCB is soldered on it

PCB matches the shunt shape

L £
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Final HW Solution (PCB + Shunt)
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12V Lead Acid IBS — Basic Enablement Drivers

QuIBS+Z startup
- MCU die init, analog die init
- Measurement channel setup for evaluation ! |

Communication EHEEE '
- LIN 1.3 slave driver | et - |

- LIN 2.1 slave driver

- SPI

- CAN

- 2-wire serial (UART)

Runtime SW

- Flash/ EEPROM SW

- TIMERs SW

- STOP / SLEEP mode SW , using wake up from LTC, LIN or LO-PTB3
Startup trimming

- Complete startup trimming procedure as described in datasheet
- Including temperature based gain compensation

Module calibration

- Test for IBS module calibration (like at end-of-line at customer)

- On-Chip & external (in Excel) calculation of compensation values
- Storage of compensation values in DFLASH

Test software

- LIN Master/Slave test using DEMO9S08DZ60 board

® £
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Availability

12V PB IBS- Development Kits (Example SW) :
- Development Kit (1st Milestone):

= Reference Design HW (LIN Only)

= LIN 2.1 Driver

= msCAN Driver
- Development Kit (Final Milestone):

= Basic Enablement Drivers

= Basic SoC Calculation

= Basic SoF Calculation

AUTOSAR OS (FSL Production SW):
CAN Stack (3rd Party Production SW):
LIN Stack (3rd Party Production SW) :

Low-level Drivers (3rd Party Production SW) Beta Release : Q1 2014

P & E Multilink :
Cosmic WinIDEA (3 Party Production SW) :
CodeWarrior 10.3 (FSL Production SW) :
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14V 4 cells Li-ion BMS application with MM9Z1_638

Connector
PACK +
3+ ——GND
s I
o 3 SPI(CLK,MISO,MOSI)
@ @
g8 cs |
ogo PA3 PAX, PA7VDDXx
O o VDDA x=0,1,2
sS9S ., PAS[ XDl \1c33901
S — .2 1 Vsense3 RxD 1 CAN Port
= 50 [ ] T PA4 :,— CAN
2 8— T |an -+ Vsense2 108 ADE PTBAR Y Transceiver
e o * Voltage U
=} SO ww Vsensel
o > = [ = T
% @ % SN T \/sense0
o 0o - T
] 16B ADC
= Passive I 1Y MM9Z1_638 LIN LIN Port
Intelligent
CE”I )E()-Ig:&'ﬁl‘ PGA Batteril IgS!fansor
Balancing
Current PACK -
Sense
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PR
Final HW Solution (PCB + Shunt)

. i ——

Balancing
Resistors

Octal
Power
Switch
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14V 4 cells Li-ion BMS - Basic Enablement Drivers

Startup
- MCU die init, analog die init
- Measurement channel setup
(current, 4 voltage, 4 temperature channels)

- Communication
- LIN 1.3 slave driver
LIN 2.1 slave driver
SPI
- CAN
2-wire serial (UART)
Runtime SW
- EEPROM SW
- TIMERs SW
- STOP / SLEEP mode SW , using wake up from LTC, LIN or LO-PTB3
Startup trimming
- Complete startup trimming procedure as described in datasheet
- Including temperature based gain compensation
- Module calibration
- Test for IBS module calibration (like at end-of-line at customer)
- On-Chip & external (in Excel) calculation of compensation values
- Storage of compensation values in DFLASH
- Test software
- LIN Master/Slave test using DEMO9S08DZ60 board

L £
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Availability

14V 4 cells Li-ION BMS Development Kit :

- Development Kit (1st Milestone):
= Reference Design HW
= Basic Enablement Drivers
= LIN 2.1 Driver
= MsCAN Driver
= SoC Appl (Basic)
- Development Kit (2nd Milestone):
= SoC Appl (Full)
= Balancing Appl SW
= Charge ctrl Appl SW
- Development Kit (Final Milestone): Oct 2013
= SoF Appl
= Battery parameter configuration
= Matlab Models

- AUTOSAR OS (FSL Production SW):
CAN Stack (3rd Party Production SW):
LIN Stack (3rd Party Production SW) :
Low-level Drivers (3rd Party Production SW) Beta Release : Q1 2014
P& E Multilink :
Cosmic WinIDEA (3 Party Production SW) :
CodeWarrior 10.3 (FSL Production SW) :
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Useful Links

Compilers / Debugger / Debugging Interface:

- CodeWarrior 10.3 (eclipse based) —
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CW-MCU10&fsrch=1

- Cosmic WinIDEA and Zap —
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CDPW-S12Z-NLA&fsrch=1
http://cosmic-software.com/s12z_des.php

- P&E USB Multilink Debug Interface - http://www.pemicro.com/index.cfm

- D-Bugl2XZ -
http:/g/vww.freescale.com/webapp/sps/site/prod_summary.jsp?code:S1ZZVM&fpsp:1&tab:Design_TooI
s _Tab#

FSL HW:
- EVB - http://www.freescale.com/webapp/sps/site/prod summary.jsp?code=KIT912J637EVME&fr=atl

FSL SW Drivers and Libraries:

- LIN drivers —
htt_;IJ_://bv?\;ww.freescale.com/webapp/sps/site/prod summary.jsp?code=S127ZVM&fpsp=1&tab=Design Tool
s Ta
in near future will be also added to www.freescale.com/LIN

- NVM Dirivers:
htt_?:/{)vxﬁww.freescale.com/webapp/sps/site/prod summary.jsp?code=S12ZVM&fpsp=1&tab=Design Tool
s Ta

FSL Tools:

- FreeMASTER Run time debugger — www.freescale.com/FreeMASTER

- Rappid - http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=RAPPIDTOOLBOX
- Processor Expert — www.freescale.com/processorexpert
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http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CW-MCU10&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CW-MCU10&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CW-MCU10&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CDPW-S12Z-NLA&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CDPW-S12Z-NLA&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CDPW-S12Z-NLA&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CDPW-S12Z-NLA&fsrch=1
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=CDPW-S12Z-NLA&fsrch=1
http://cosmic-software.com/s12z_des.php
http://cosmic-software.com/s12z_des.php
http://cosmic-software.com/s12z_des.php
http://www.pemicro.com/index.cfm
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=KIT912J637EVME&fr=gtl
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=S12ZVM&fpsp=1&tab=Design_Tools_Tab
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=S12ZVM&fpsp=1&tab=Design_Tools_Tab
http://www.freescale.com/LIN
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=S12ZVM&fpsp=1&tab=Design_Tools_Tab
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=S12ZVM&fpsp=1&tab=Design_Tools_Tab
http://www.freescale.com/FreeMASTER
http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=RAPPIDTOOLBOX
http://www.freescale.com/processorexpert

Intelligent Precision Battery Sensors

- Embedded MCU + Precision Analog solutions in a single
device

- Highly Integrated to allow BOM optimization

- Designed to reduce SW complexity and current
consumption compared to existing solutions

- AECQ-100 qualified, meets Automotive Robustness and
Zero defect Quality levels

- Samples available
- EVBs available
- Product Demonstrator available
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