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Chapter 1. Technical specification

R YU 1 01 = VPP 1
O O 1YY Y/ T YT 2
1.3, FUNCLON TEIEIENCE ...eeieiieei et e e e e e e et e e e 4

This document is the technical specification for the following OpenECU parts:

ECU Build option

M670B Non-overlapping boosted peak and hold solenoid injectors
01T-068787-04M00-000

M670N Overlapping non-boosted peak and hold solenoid injectors
01T-068803-04M00-000

M670S Overlapping saturating solenoid injectors
01T-068850-04M00-000

Specific option control may exist for these parts. In that case, sections of this document will
be overridden by an option control specific technical specification. Please refer to the option
control technical specification for more information.

Note

For a list of known issues and work arounds for this ECU, found after publication of this
document, please refer to the hardware errata for this ECU (named 29T-068787ER-
XE M670 Technical Spec Errata).

1.1. Summary

The OpenECU M670 is a versatile, high performance electronic control module designed for
multi-cylinder (up to 8) engine management. There are three main varieties of the M670 ECU
but others are possible through build options.

The design and architecture allow the ECU to be agnostic to fuel type (diesel, gasoline,
natural-gas, heavy-fuel, dual fuel), fuel injection type (PFI, GDI, CRDI) and engine
combustion cycle type (ClI, SI, spark-assisted CI).

The M670 supports a range of automotive sensors and actuators required for precise engine
management to meet the latest emissions standards including Euro V and Tier 4. This
includes support for advanced EGR and aftertreatment controls.

In addition to the standard 1/O, this powerful engine control module has hardware support for
the following advanced features that are critical to modern day engine controls:

» Multiple injections per stroke

» Software configurable injector current profiles

» Software configurable injector boost power supply

» Dual intake and dual exhaust cam-shaft VVT control

* Measurement of inputs in the time and angular domains

» Precision constant current outputs

» E-GAS monitoring architecture for safety including secondary microprocessor

Some functionality of the M670 can be adjusted by changing the PCB population, changing
the enclosure and designing daughter cards.

Copyright 2020, Pi Innovo. All Rights Reserved
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Technical specification

Analogue and digital Pull up/down selection

Fuel cooled (for higher power or temperature operation)

LIN communications daughter board

FlexRay communications daughter board

» Analogue output daughter board

Typical applications include:

Stand alone engine control — heavy duty and light duty

Diesel after-treatment controller for DOC-DPF and Urea-SCR applications

Engine plus hybrid supervisory controller in one module

Stand-alone hybrid supervisory controller

Stationary power engine controller

Automatic transmission control

Non-Powertrain applications

Vehicle stability controller (ABS, TCS, ESC)

Active chassis controller (Suspension, Ride Height)

Advanced vehicle control and automation

1.2. Overview

This technical specification relates to the following ECU variants:

M670B-000 (01T-068787) — for development and testing, including full interactive
calibration tool integration;

M670N-000 (01T-068803) — for development and testing, including full interactive
calibration tool integration;

M670S-000 (01T-068850) — for development and testing, including full interactive
calibration tool integration.

Table 1.1. Specification

Specification Variant
M670B-000 M670N-000 M670S-000
Status Available * Available * Available ®
Processor MPC5674F MPC5674F MPC5674F
Rate 264MHz 264MHz 264MHz
Code space up to 3MiB o up to 3MiB o up to 3MiB b
RAM space up to 256KiB " up to 256KiB ° up to 256KiB °
Calibration space up to 512KiB o up to 512KiB o up to 512KiB o
Calibratable Y Y Y
Reprogrammable Y Y Y
Power control 1 1 1
relays
Document number: 20T-06878 7T Joren/EEE
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Specification Variant
M670B-000 M670N-000 M670S-000
Actuator supplies 4 4 4
Sensor supplies 4 4 4
Inputs 49 49 49
Outputs 51 51 51
CAN buses 4 4 4
LIN buses - - -
RS232 links - - -
Connectors 2x53, 1x48 2x53, 1x48 2x53, 1x48
Weight 22509 2250g 22509
Vibration ISO 16750-3 © ISO 16750-3 © ISO 16750-3 ©
Shock capability Designed for Designed for Designed for
ISO 16750-3 © ISO 16750-3 © ISO 16750-3 °
Enclosure IP6IK ° IP69K ¢ IP69K °
EMC Designed for Designed for Designed for

DIN/ISO 11452,

DIN/ISO 11452,

DIN/ISO 11452,

ISO 7637-2 ISO 7637-2 1ISO 7637-2
and CISPR 25 and CISPR 25 and CISPR 25
Partial operating 6 to 36V ° 6 to 36V © 6 to 36V °
voltage
Full operating 7to 32V 7t0 32V 7to 32V
voltage
Standby current 95uA at 12V ¢ 95uA at 12V ¢ 95uA at 12V ¢
(typical)
Operating current |  264mA at 12V " 264mA at 12V " 264mA at 12V "
(typical)
Operating -40 to +105°C -40 to +105°C -40 to +105°C

temperature range

Storage temperature
range (installation)

-40 to +120°C

-40 to +120°C

-40 to +120°C

Storage temperature
range (shipping)

-40 to +85°C

-40 to +85°C

-40 to +85°C

& Target ECU available for general use.

® See list of possible memory configurations in section '"Memory - configuration'. Some configurations require a
VertiCal board as a build option to support run-time calibration.

¢ Under hood mount
9 Sealed with Gore vent
€ At room temperature

f Designed for 12V or 24V vehicles. Warning: all outputs rated at 200mA or 500mA will not survive a short to greater
than 24V. The oxygen sensor supply will not survive a short greater than 18V.
9143uA at 24V

M 174mA at 24v

Copyright 2020, Pi Innovo. All Rights Reserved
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Technical specification

1.3. Function reference

Various input and output functionality is supported where some pins may be capable of more
than one function. Some functions require a combination of pins but not all pin combinations
are possible.

Table 1.2. Function reference

I/0O type External | Internal |Pins

Power

ECU supply 3 - Y3, 722,74

ECU ground 9 - XC1, XD3, XF1, XH1, Y2, Y4, Y26, Y27, Z3
Power control 1 - Z19

relay

Actuator 4 - Y1,Y5, Z1, Z5

supply

Sensor supply 4 - XG2, XH2+Z14, XJ2+7Z8, XK2+Y8
Module control, status

Ignition sense 1 - Y25

Module control 1 - Y22

FEPS

Module status 1 - Y28

Flash code

Communication

CAN buses 4 - Y12+Y11, Y24+Y23, Y36+Y35, Y48+Y47
Inputs — time based
Analogue 28 63 XB2, XB3, XC2, XC3, XD1, XD2, XE1, XG1, XJ1,

XK1, Y19, Y31, Z16, Z20, 221, Z24, 725, 726, Z27,
728, 7232, Z33, Z40, Z44, 745, 750, Z51, Z52

Digital 14 242 | XF3, XG4, XH4, Y14, Y15, Y20, Y21, Y25,
Y32+Y33, Y34, Y43, Y46, Z12, Z13

Frequency 13 3 XF3, XG4, XH4, Y14, Y15, Y20, Y21, Y32+Y33,
Y34,Y43,Y46, 212, Z13

PWM 6 3 XF3, XG4, XH4, Y14, Y15, Y32+Y33

Quadrature 6 3 XF3, XG4, XH4, Y14, Y15, Y32+Y33

SENT 7 - XAL, XA2, XA3, XA4, XF3, XG4, XH4

Outputs — time based

Constant 8 - XD4, XL2, Y7,Y10, Y13, Y16, Y17, Z7

current

Digital 36 26 XB1, XE3, XL1, XL3, XL4, XM1, XM4, Y6, Y18,

Y29, Y30, Y37, Y38, Y39, Y40, Y41, Y42, Y44, Y45,
Y49, Y50, Y53, Z6, Z17, Z18, 229, 7230, Z31, Z36,
Z37, 738, 239, Z41, Z42, 743, 753

H-bridge 7 - XB4+XC4, XE2+XF2, XE4+XF4, XJ4+XK4,
XL4+XM4, XM2+XM3, Y30+Y42
PWM 36 8 XD4, XE3, XL1, XL2, XL4, XM1, XM4, Y6, Y7, Y10,

Y13, Y16, Y17, Y18, Y29, Y30, Y37, Y38, Y39, Y40,

Copyright 2020, Pi Innovo. All Rights Reserved
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I/0O type External | Internal |Pins

Y41, Y42, Y44, Y45, Y49, Y50, Y53, 26, 27, Z17,
Z18, 729, 730, Z41, Z42, Z53

Inputs — angle based

Crank-shaft 1 - Y32+Y33

primary

Crank-shaft 4 - XG4, XH4, Y14, Y15

secondary

Cam-shaft 4 - XG4, XH4, Y14, Y15

Knock 2 1 Y51+Y52, Z48+749

Analogue 17 12 XB2, XB3, XC2, XD2, XE1, Y31, Z16, 720, Z21,
724,725,727, 728, 232, Z33, Z50, Z52

Analogue 17 6 XB2, XB3, XC2, XD2, XE1, Y31, Z16, Z20, Z21,

injector 724,725, 727,728, 232, 233, Z50, Z52

duration

Outputs — angle based
Digital 24 - XE3, XL1, XM1, Y6, Y18, Y29, Y37, Y38, Y39, Y40,
Y41, Y44, Y45, Y49, Y50, Y53, Z6, Z17, Z18, Z29,
Z30, 741, 742, Z53

Injector 8 - 76, 7217, 718, 729, Z30, 741, 742, Z53

boosted peak/

hold

Injector 18 - Y18, Y37, Y38, Y39, Y40, Y44, Y45, Y49, Y50, Y53,
saturating 76, Z17, 718, 729, 7230, Z41, 742, Z53

Ignition 8 - Y37, Y38, Y39, Y40, Y44, Y45, Y49, Y50
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Document number: 29T-068787TK-xE W ECY
Released at version: 2.9.0 (r2020-1) 5 Www.pi-innovo.com



Alaneq 01 110YS as

10198189p aineiadwa) asuelsisay ary
alenbs ueaw 100y SIAY
Jlamod dMd

Alddns Jamod NSsd
[011u09 [eibalul ‘feuoiiodoid Id
abeyjoA JanO AO
ainesadwal JanQ 10
peo| uado 10

JUSLIND IBAQ 20

9pIs Mo ST

apis ybiH SH

punoio dNo

ndino eubig 10d
[enuatayig 441d

indui fenbig NId

din uaun) 1D

ndui anBojeuy NIV
annebapN IN-

9AllIsOd IN+

Jlamod d

indino 0

Jojuo N

indu |
uonedIuNWWo)D )

:MoJaq sajgel 1nouid ayy Ul pasn ale suoneiAaigqge Buimojo) ay L

"Pa1eIS SSIMIBYI0 SSajun
SINY aJe pails|| slualin)d "sajqel Buimojjol ayl ul usAIb se sinould aney Yyoiym ‘Z pue A ‘X paweu (sAeq) sl01oauuod ND3J 9aiyl aAry SluelieA 000-0L9N Syl

MN .................................................................................................................................................................................................................. N >.mm m N
.VH ................................................................................................................................................................................................................. > >.mm N N
N ................................................................................................................................................................................................................... X >mm ._H N

1nouid J10198uu0) “Z 191deyn

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-xE
Released at version: 2.9.0 (r2020-1)

JoPEN [zl

WWW.pi-innovo.com



Connector pinout

JajoweIp uoieNsul M

ww 0L'T - Ww O’ T ‘Teulwls)l sjewsa4 uiL 6€0T-CCEV9 X8|ON
1led inojo) Jaquinu ued Janddns
C_n_ ww g£9'0 @2yl 10J sisqunu lred ‘g'¢ o|gqelL
PINX PUe ENX+ZIAX ‘TIX ‘PIX ‘€TX ‘2TX ‘TIX suld

uonisod pasnun Joj Bn|d abueio €£20T-S2ev9

Ja1awelp uone|nsul a4m

wuw GT'Z - WW Qf'T ‘leulw.sl sfewa uiL 6<0T-ECEV9 Xa|0N
ued Inojod Jagwnu ued Ja1yddns
uld ww g'T 9yl 10} s1oquinu 1ed ‘Z2'Z a|qel

deo anpn Moe|d TOET-0CEV9
(Indino aaim 149]) 10108UU0D B[RWS Aa19 8TET-02EY9 XS|ON
ued inojod Jlagwnu ued Ja11ddns

10]109UUO0d @C_HQE 9yl JO Siaqunu Jed ‘T2 9a|qeL

vdaoa3adoOHIMM T W

[ [ [
0O OO0 00000 oaoo O3> 1
0O OO0 0000 ooo 3 Y4
0 0000 o0o0o0o0o O &3 [
0 OO0 O0Oo0Ooooo 43 > 1%

"S1ainjoBINUEW SNOLIBA WOJJ IO Id WOJ) PaIapIo 8¢ ued sluauodwod J0103Uu0d [eNpIAIpU| Id WOl palaplo aq ued syoed 10j08uuo)

punoib 01 Loys

X Aeg 12

oS

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com



Connector pinout

‘(suoisuaixa preoqgiaiybnep 1o} paniasal) paloauuod 10N aleds VX
"preogualybnep , | NS pue a6plIg-H, Ui YIm a|qejreny AS 0} \O ZHM9g| 9438 01 30T _ IN3S
‘(suoisuaixa preoqgiaiybnep 1oj paniasal) paldauuod 10N aleds evX
‘preoquaiybnep . IN3S pue abpug-H, au) Yyum ajge|reny NS 01 AO zZHyog| 943¥A 010T _ IN3S
‘(suoisualxa pleoqiaiybnep 1oj paAIasal) pajdsauuod 10N areds 2vX
‘preoquaybnep . IN3S pue abplg-H, syl Yum ajqe|ieny NS 01 AO ZH98| 943¥A 01 0T I 1IN3S
‘(suoisualxa pleoqialybnep 1o) paAIasal) paldsuuod 10N areds TVX
S910N abuey 181114 Buipeo | N | O/ uonound|d| uld
X Aeg — 10129UU09 Ul
X Aeg — 1nouid 10108UU0D '9°Z 3|qeL
[eullwIa) srews) WW §'T 8y} 10} |00} Uondelxs uld 00€2-€T8€9
[eulw.al
9lews} ww GE9°0 8y} 10§ |00) uondeIIXS Uld 00¥72-€T8€9 X390
1led Jaquinu ued Janddns
S|001 uonoeJIxa uld ay) Jo siaqunu led "G’z a|qel
[eulWwIa) SjewWs) Ww G'T ay} Joj |00} dwHD 0068-TT8€9
[eUlWIS) S[eWS) WW GE9'0 dY} Joj |00} dwHD 00¢6-TT8€9 X3|0N
1led Jaqunu ued Janddns

s|oo

1 dwio uid ay1 Jo siequinu led v°'Z a|qel

PHX PUB BA+ENX ‘BA+ZIHX “THX “PHUX+PLX ‘YOX ‘6Z+ECX '8Z+ZCX ‘TCX ‘YHX ‘STZ+EHX YTZ+ZHX ‘THX ‘YOX ‘€DX TOX ‘TOX ‘74X ‘€4X ‘24X
TAX PAX+PIX ‘PIX '€IX 2AX+2IX 2IX TAIX 'AX ‘€AX ZAX TAX ‘YIOX ‘€IX ‘COX ‘TOX ‘PIX+¥AX ‘7AX ‘€GX ‘29X ‘TAX ‘¥VX ‘€VX TV¥X ‘TvX suld

uonisod pasnun Joy Bn|d BMYM 0TOT-S2EV9
Ja18Wwelp uonensul aiim
Www 06'T - Ww Q9'T ‘feulwus) sjews4 620T-¢CEV9
1led inojo) Jaquinu ued Janddns

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com



Connector pinout

*(A) JonuolN pue (9) J0)NUON S|duuRyd [euldlul 0} paleay
‘(suoisualxa pleoqiaiybnep 1oj paAIasal) paldsuuod 10N

*(A) Jonuo pue (9) J0NUOIA S|duueyd [eulalul 0}
parejay "preoqiaybnep .1 NIS pue abpLg-H, ayl yum a|qejieny

VS

aleds

abpug-H

renbia

7OX

‘pafeasun ‘uoisIaAu0d paubisun 1g-2T

"06GG G- PUR %/6°G+ Jo abuel piw Je aduela|ol e sey indul ay)
‘lauueyd @/V [euaiul syl 01 1USLIND Syea| Yalym ‘Jaxa|diinw ayl
0] anQ 'V Jaxajdnnw 01 paubissy "ainjeiadwa; 10 :asn [ealdAL

NS 01 AO

ZHTT

0438 01 Y

anbofeuy

1540).¢

'sIosuas
om1 Buisn amoJy1 auo jo uonisod ayl Buposys ssouo jo asodind
3y 10} zAX Yum paired "palinbai ji 1ossasoid Arewind syl yum
Bunjoayd sso4o 10) 10SS320.d Arepuooas ay) 0] paInoy "pajeasun
‘uolsianuod paubisun 1g-zT "1osuas uonisod ajnoiyl :asn [eaidA |

NS 01 AO

ZHYY

aNOA 01315

anboeuy

¢OX

‘Areusaul

18y1a601 pa1osuu0d €7 pue /ZA ‘9ZA ‘VA ‘ZA ‘THX ‘TdX ‘€dX
‘TOX "aineladwsa) Huneiado wnwixew e paynads buney

Vel

DZO>

TOX

*(A) Jonuo pue (9) J0NUOIA S|auuryd [eulalul 0}
pare|ay ‘preogiaybnep ,IN3S pue a6pLQg-H, 8yl Yum a|ge|ieny

VS

*(A) JonuolN pue (9) JONUON S|uueyd [eulalul 0] palelay
‘(suoisualxa pieoqiaybnep 1o paAIasal) pa1dauUod 10N

abpug-H

reudbiag

aleds

rax

‘pPaeasun ‘uoisIaAu0d paubisun
1Qg-2T "uonisod Jorenjoe Aawoab ajqeuea :asn [ealdAL

NS 01 A\O

ZHYY

84387 01 )15

anbojeuy

€ax

‘pPafeasun ‘uoisianuod paubisun
1g-2T "uonisod Jorenjoe Aawoab ajqeuea :asn [ealdA

AS 01 A\O

ZHYY

V438 01 TS

anbojeuy

¢ax

‘(AN ppA) JonuolN pue (An 99A) JI0JNUOIN

‘(6s) 1ouuoN ‘(gs) Jonuuoly ‘(8rels parsanbal) Jonuo ‘(jo 40)
Jonuo ‘(19) JoNUO ‘Bjgeus | O S|duueyd [eusaiul 0] pale|ay
"apis-ybiy 1oy BMdA yum paired "Aejal uey Buijood :asn [eaidA L

YWOo0s

apIs Mo

[enbia

Tax

‘preoquaybnep ,1N3IS pue abpug-H, 3yl Yum ajge|reny

NS 01 AO

ZHX98

Q438 01 40T

IN3S

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

X Aeg — 10129UU09 Ul

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com



Connector pinout

*(A) Jonuo pue (9) J0NUOIA S|duueyd [eulalul 0}

pare|ay "preoqisiybnep . INIS pue abpLg-H, Y1 YIm a|qe|reny VS abpug-H o} [eubig
"(A) Jonuo pue (9) J0NUOIA Sjuueyd [eulalul 0] palelay
‘(suoisuaixa preoglaiybnep 1o} paniasal) paloauuod 10N A aleds Y3ax
"apis-ybiy Joj ¥MIA yum paired YW00S apIs Mo o [eubig €3ax
*(n) Jonuo pue (9) J0NUON S|auuryd [eulalul 0}
parejay ‘preogiaybnep , IN3S pue a6pLQg-H, 8yl Yum a|ge|ieny VS abpug-H o) [enbig
*(A) JonuolN pue (9) JONUON S|uueyd [eulalul 0] palelay
‘(suoisuaixa preoqiaiybnep 1oj paniasal) paloauuod 10N A aleds Z3ax
‘pafeasun
‘uolslianuod paubisun 1g-zT "a4nssaid 19[1no 0qun) :asn [eaIdAL AS 01 AO ZHyY| 9INOA 01300T | anbofeuy 13X
‘(paisal 10+0s) J0luoN
pue (Bs) Joyuon ‘(paisal gs) JoHUO ‘(ds) JONUOI ‘(39S3J) el 0017 6
Joluol ‘(paduAs aseyd) Jonuoy ‘(A0) JonuolN ‘(jo uo) JoNUON 01 ZHOT V¢ [enbla
(10 y40) Joyuo ‘(3iney) Jouuo ‘(pajaeus) Jouon ‘aseyd-ouhs ZHO000Y
10d ‘s|qeus 1 0d S|suueyd [eusdlul 0} pare|ay Indino [elss 01 ZHS'0T (anonpu)
"apis-ybiy 10} GA Yum palied "anen arebalsem :asn [eaidA L ‘¥Z 01 YO apiIs Mo A | O 1U84INJ JUBISU0D yax
‘Areusaul
1819601 pa1osuUU0d €7 puUR LZA ‘9ZA ‘TA ‘CA ‘THX ‘TdX ‘€dX
‘TOX "alneladwa) Huneiado wnwixew je payoads Buney VST d ANOA eax
'SI0SuUas
om1 Buisn amoJy1 auo Jo uonisod ay1 Burjoays ssoud jo asodind
ay1 1o} DX Yum paiied "paiinbai Ji Jossadsoid Arewnd ayl yum
Bujoayd sso012 Joj J0ssas0id Arepuodas ay) 01 painoy "pajeasun
‘uoisianu0d paubisun 1g-gT "10suas uonisod apoayl :asn [eaidA L AS 01 AO ZHYY aNOA 01 TG | anbojeuy Zax
"ZT/MA=CA ‘uonenba auyy asn ((A)
abeyjon renoe 01 (WA) abeljon painseaw 118AUOD O] "UOISIBAUOD AW 9TY
paubisun 1g-ZT ‘aJneiadwal pjojiuew 1sneyxa :asn [ealdA L 0] AWQ ZHYTT| OF3EA 00T | (aLy) enbojeuy TAax
S810N abuey SEMIE| Buipeo || O/l uonound|d| uid

X Aeg — 10129UU09 Ul

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

10



Connector pinout

‘Areusaul
181860) pa1osuuU0d €7 puB LZA ‘9ZA ‘VA ‘CA ‘THX ‘TdX ‘€aX
‘TOX "aineladwsa) Buneiado wnwixew e paynads buney VST d aNop THX
"uondo pjing NO3 Yum s|qe|ieny ZHX98 1IN3S
*Josuas uonisod indul Yeys-yueld Alepuodas
"Josuas uonisod yeys-wed NS 0} \O ZHOT| 943¥A 01 0T _ renbig rOX
‘29X 0S[e aas ‘ANLHA ‘punolb Josuas \rd d punoib Josuas oYX
‘(A) JouuoN pue (39) JoNuo ‘ajgesip 103d S|auueyo [eulaiul
0] parejay '€OX :0S|e aas ‘sasodind sonsoubelp 1o} uonedldde
ay1 Aq Jo pue uo pauiny aq ue) ‘d4FA ‘Alddns Josuas YW00zZ ‘AS Al d Alddns Josuas 29X
‘Pa[eISUN ‘UOISIBAUOD
paubisun 1g-gT “ainjesadwal Jie Juaique :asn [ealdA L ASG 01 AO ZHTT| °F3FEA 0 Dy | anbojeuy TOX
"(A) Jonuol pue (9) JONUO\ Sjauueyd [euldlul 0] palelay
‘(suoisuaixa preogiaiybnep 1o} paniasal) paloauuod 10N aleds
*(n) Jonuo pue (9) J0NUOA S|auuryd [eulalul 0}
pare|ay ‘preogiaybnep ,IN3S pue a6pLQg-H, 8yl Yum a|ge|ieny VS abpug-H|A| O [enbig =04
"preogiaybnep ,IN3S pue abpug-H, 8yl Yum a|ge|ieny
‘uondo pjing NO3J YiM 3|qe|reny AS 0} \O ZHy98| 9438 01 x0T IN3S
"G 01 \O SI 9buel abeljon paisjaid dMdA 0} AO zHge| HMdA 00T _ leubia edX
*(A) JonuolN pue (9) J0)NUO\ S|duuRyd [euldlul 0} paleay
‘(suoisuaixa preoqtaiybnep 1oj panIasal) paldauuod 10N aleds
*(A) Jonuo pue (9) J0NUOIA S|duueyd [eulalul 0}
pare|ay "preogiaiybnep , INIS pue abpLg-H, 3y} YIm a|qe|reny VS abpug-H| A | O renbia [4=)¢
‘Areusaul
181860) pa108uuU0d €7 pUB LZA ‘9ZA ‘VA ‘CA ‘THX ‘TdX ‘€aX
‘TOX raineladwsa) Buneiado wnwixew e payinads Buney VST d k) TdX
S810N abuey SEMIE| Buipeo || O/l uonound|d| uld

X Aeg — 10129UU09 Ul

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

11



Connector pinout

ay1 Ag Jo pue uo pauiny aq ue) ‘suid Alddns Y438 yroq
1o} [e101 s1 pals|| Aljigeded uaun) V438 ‘Addns Josuss

YWOo0zZ ‘AS

A|ddns losuas

AX

‘Pa[eaIsun ‘uoisiaAuod paubisun g

-2T "Jaqueyd aoualayal 8yl Ul uoieIuaduod uabAxo urelurew o}
JUa.LINd & alinbal eyl siosuas asoy) 4o} ‘(wnOT “xoidde) losuas
0O93H 9y} 10} 1UdLIND UoieADE |ews e sapiroid Buipeol ayL

NS 01 AO

ZHS0.

va3HA 0) MESH

(093H) anbojeuy

™MX

*(A) Jonuo pue (9) JONUOIN S|duueyd [eulalul 0}
parejay "preoqiaybnep .1 NIS pue abplLg-H, ayl yum a|qejieny

VS

"(A) Jonuo pue (9) J0NUOIA Sjuueyd [eulalul 0] palelay
‘(suoisualxa pieoqiaiybnep Jo) paAIasal) pa1osauuod 10N

abpug-H

[enbia

aleds

1749

" :0S[e 93s ‘Ajeulaul
Jay1aboy pa1osuuod g7 pue grx SNLIA ‘punolb Josuas

V¢

punoib Josuas

erx

"(A) Jonuoly pue (19) JoNuo ‘ajgesip 10d S|auueyd [eulalul
0] pale|ay - :0s[e 9as ‘sasodind sonsoubelp Joj uoneaidde
ay1 Ag 4o pue uo pauin aq ue) ‘suid Aiddns 8438 yroq
1o} [e101 s1 palsy| Aljigeded uaun) 8438, ‘Addns Josuas

VWO0O0zZ ‘AS

A|ddns Josuas

arx

"Pa[eIsuUN ‘uoisIaAU0D paubisun g

-ZT "Jaqueyd aoualayal syl Ul UoieIua2uod uabAxo urelurew o}
JUa.LINd B alinbal 1Y siosuas asoy) Jo] ‘(wnOT "xoidde) losuas
O93H 9y} 10} 1Ua1IND UoneANdR |ews e sapiroid Buipeo| ayL

NS 01 AO

ZHS0L

8439 01 4£Sh

(093H) anbojeuy

X

‘uondo plINg N3 YUM djgejieny

*Josuas uonisod yeys-jueld Arepuodss

*Josuas uonisod 1eys-wed

NS 01 AO

ZHY98

ZH)0T

n_n_m_w_> 01)0T

IN3S

renbia

YHX

" :0S|e 9as ‘Ajreulaiul
Jay1abo) palosuuod GTZ pue gHX ONLYA ‘punolb Josuas

V¢

punolb losuas

EHX

‘(A) Jonuoly pue (19) JoNuo ‘ajgesip 10d S|auueyd [eulalul
0] pale|ay ° :0s[e 9as ‘sasodind sonsoubelp Joj uoneaidde
a1 Ag JJo pue uo pauiny aq ue) suid Aiddns 9434 yoq
10] [e101 si paisi Aljigeded juanny 9434 ‘Addns Josuas

Vw002 ‘AS

Alddns Josuas

¢HX

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

X Aeg — 10129UU09 Ul

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

12



Connector pinout

*(n) Jonuo pue (3ne} ou) Jonuo ‘(19) JIONUOIN S|puURYD

[eulaiul 01 parejay “1abreydsoqin Anawoab sjgelea :asn [eaidA | VS abpug-H o) reubig ZINX
‘(A) JonuolN pue (39) JolNUO\ S|uueyd [euldlul 0] paleay
"apis-ybiy oy YMIA yum paired “isresy OOIH :8sn [ealdAL 144 apis Mo 0 [enbig TINX
‘(N
Jojiuo pue (19) Jouuoly ‘(9) JONUON ‘SY-199|8S 1 0Qd S|duueyd
[eusdiul 01 paredy "(FINX + #71X) 8[R0oJyl 21U0i109|9 :asn [edldAL VOt abpuag-H
apIs
“(A) Jonuo pue (30) ubiy Jo moj
10)UO ‘(9) JONUOIN ‘SY-10818S 1 Od S|duueyd [eulaiul 0) pale|ay V8 ‘abpuq yreH 0 [enbig 71X
"(An ppA)
Jojiuol pue (An 29A) Joluoly ‘(Bs) Jonuo ‘(gs) JouuolN ‘(arers
paisanbal) Jonuoy ‘(jo Yo) Jonuo ‘(19) JouuolN ‘e|qeus 10d
S|lauueyD [euIdlul 0} pare|ay "apIs-ybiy Joy FMdA yum palred V1 9pIs Mo (0] lenbig €1X
‘(paisal 10+6s) Jonuo pue (6s) Jonuo ‘(paisal gs) N_._ooo# 5
Jonuol ‘(gs) Jonuo ‘(1asal) Jonuo ‘(paduAs aseyd) Jojuo 01 ZHOT V¢ [enoia
‘(A0) J0NUOI *(JO UO) JONUOIA ‘(|0 J4O) JOUUOIN ‘(3niey) JOUUON ZHO00Y
‘(pajqeus) Jonuoly ‘aseyd-ouAs 1 OQ ‘e|geus 1 OQ Sjpuueyd 01 ZHS'0T (annonpui)
[euld)ul 0} parejay ‘Indino [euas "apis-ybiy Joj FMIA yum paired 'VZ 01 YO apIs Mo 0 1US1IND JUBISUOD 21X
"(A) JonuolN pue (39) JoNUO\ S|uueyd [euialul 0] pale|ay
"apis-ybiy 1o} BMA yum paired “1areay ODFH :asn [edldAL v apIs Mo ¢} [eubig 11X
*(A) Jonuol pue (9) J0NUO\ Sjuueyd [eulalul 0] palelay
‘(suoisuaixa preoqgiaiybnep 1oj paniasal) paloauuod 10N aleds
*(A) Jonuo pue (9) J0NUOA S|auuryd [eulalul 0}
pare|ay ‘preogiaybnep ,IN3S pue a6pLQg-H, 8yl Yim a|ge|ieny VS abpug-H o) [enbig IX
' :0S[e 93s ‘Ajfeusaiul
Jay1aboy paloauuod gA pue £)X "YNLIA ‘punolb Josuas \rd d punoib Josuas X
‘(A) JonuolN pue (39) Jojuo ‘a|gesip 10d S|auueyd [eulalul
0] pale|ay - :0s|e 9as ‘sasodind sonsoubelp Joj uoneaidde
S810N abuey SEMIE| Buipeo || O/l uonound|d| uld

X Aeg — 10129UU09 Ul

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

13



Connector pinout

deo anpn oe|d TOTT-TCEV9
(indino aam 1ybu) 10108UU0D BjRWSH umolg 6T0Z-TCEY9 XS|O0N
ued Inojod Jagwnu ued Ja11ddns

10193UU092 Bulrew ay) Jo siaqunu led 2z a|gel

€9
24
6¢
Ll

[
[
[

cv

=

=

"SlainjorjnuBW SNOLIBA WOJJ 10 14 WOoJ) PaIapIo 8¢ Ued sluauodwod J010auuod [enpiAipul Id WoJy palaplo aq ued syoed J010auuo)

A Reg 22

apIs
*(A) JonuolN pue (19) ybiy 1o moj
Jonuo “(9) J0NUON ‘sy-199]9S 1 Od S|auuryd [eulalul 0] pare|ay V8 ‘abpuq jreH
‘(N
Jojiuo pue (19) Jouuoly ‘(9) JONUON ‘SY-19818S 104 S|puueyd
eusaiul 01 pale|ay “(PINX + #1X) 81104yl 21U01193|8 :8sn [edldA L VOT abpug-H| A | O renbiq PINX
"(A) JonuoN pue (jney} ou) Jojuo ‘(19) JIONUOIAN SjpuURYD
[eulaiul 01 parejay “1ebreyosoqin Anawoab sjgeleA :asn [eaidA | VS abpug-H| Al O renbig SIAX
S810N abuey SEMIE| Buipeo || O/l uonound|d| uid

X Aeg — 10129UU09 Ul

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

14



Connector pinout

ZSA+TSA PUB OSA ‘BYA ‘8YA ‘LVA ‘OVA ‘SYA ‘YA
‘EVA ‘OVA ‘6EA ‘8EA LEA '9EA ‘SEA VEA 'EEA CEA ‘TEA ‘8CA LZA '9ZA ‘STA ‘VZA ‘€CA CTA ‘TZA ‘OCA ‘6TA 9TA ‘STA ‘YTA ‘€ETA CTA ‘TTA ‘OTA ‘LA suld

uonisod pasnun Joy Bn|d SMNYM 0TOT-52EV9
Jajawrelp uonenNsul alim
ww 06°T - WW 09T ‘[eulw.sl sfews 620T-2CEV9
Ja1awelp uoneNsul alm
Www 0/'T - Ww Qp'T ‘Teulwssl sjewsd ulL 6E0T-2CEV9 X3|0N
1led inojo) Jaquinu ued Janddns
uld ww Gg9°0 Y3 1o} sidquInu Led "0T°¢ d|qeL
EGA PUB ZVA ‘TVA ‘OEA ‘6CA ‘STA ‘LTA ‘9A Suld
uonisod pasnun Joy Bn|d abuelO £20T-S2ZEP9
Ja1awelp uone|nsul aiim
Ww GT°Z - Ww Ot'T ‘feulwls) sjewa uiL 620T-ECEV9 X930
1ed Inojo) Jagwnu ued Janddns
uld ww G'T 8y} 1o} stequinu lued ‘6°Z a|qel
GA PUB FA ‘EA ‘CA ‘TA suld
uonisod pasnun 10} Bn|d oelg T60T-S2ZEY9
Ja1awelp uoneNsul alm
WWw TZ'{ - WW G’ ‘[eas aim ajbuis 99€T-SZEV9
Ja1awelp uone|nsul a4m
Ww Gp'€ - W §9°'Z ‘[eas aim a|buls Ka19 8GET-SCEV9
Ja1awelp uone|nsul a4im
ww 00t - Ww O°¢ ‘leulwls)l sjewa4 6TOT-CEV9
Ja1awelp uone|nsul aiim
ww 06°'T - Ww 09°'T ‘feulwls) sjewa4 uiL 620T-72EV9 X3|0N
ued inojod Jagwnu ued Jaiddns

uld ww g’z 8yl JoJ slaquinu 1ed ‘gz a|qel

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

15



Connector pinout

‘Areusaul

18y1960] Pa108uUU0D €7 PUB LZA ‘9ZA ‘VA ‘TA ‘THX ‘TdX

‘edX ‘TOX 'pPasn ag 1snuw ssauley aJim ayl ul pamojre abneb
asm wnwixew ay ‘uid siy1 jo Aljgeded BuiAired uaund sy
analyoe 0] "ainreladwa) Bunelado wnwixew je paloads Buney

*(An) Jonuo pue (1NaJId 1oys

alanas) JoNuol ‘(gs) Jonuo ‘(are1s parsanbai) Jonuoly ‘(1osal
uo-1amod) 1onuoln ‘(no) Jonuoly ‘(Buiurem 10) Jouuoln ‘(jo uo)
10)uo\ “(jo Jo) JoHUOI ‘(3me} ou) JoNUOIN ‘(p3jaesIp ajes-|rey)
Jo)uo ‘(p) Jonuo ‘(30) JoNuo ‘(9) JoNUOW ‘LOQd ‘9S8l 1Od
S|auueyD [eula1Ul 0] PaIR|aY "Pasn ag 1SnW ssauley alim syl ul
pamojre abneb aum wnwixew ay ‘uid siyy jo Aupgqeded Buifires
JUa.LIN2 8yl analyde 0] “Jamod Jorenioe apis-ybiy Jo1oalul-uoN

S310N

VS'ET d @by ZA
V0T apiIs YBIH| A | d Aiddns iorenioy TA
abuey 19114 Buipeo1| N | O/ uonound|d| uld

A feg — 10198UU09 Ul

A Aeg — 1nouid 10198UU0) "€T°Z 9|geL

[eullIS) Sfews) Ww 8'¢ 8yl 10} |00] uondelxs uld 00S2-€T8€9
[eulwa) sfews) WL §'T 8y} 10j |00) uohoe.xs uld 00€2-€T8€9
[euiwial

alews} wWw G£9°0 8y} J04 |00} uondeIXs uld 001¢-€18€9 X3|ON

1ed Jagwinu ued Janddns

S]001 uolloe.Ixe uld ayl Jo siaquinu led "Z1°Z 9|qel
[eulwlal srews) ww g8'Z ayi Joj |00l dwu) 0086-TT8E9
[eulwlal srews) ww G T a8y} Joj |00l dwu) 0068-TT8E9

[eulwJal a[ews} Ww GE9'0 aY} Joy |00} dwilD 0026-TT8E9 X390\

1led Jaqunu ued Janddns

sj001 dw1io uid ay) Jo siequinu led ‘TT°Z 3|qel

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

16



Connector pinout

" :0S[e 93s ‘Ajeulaul
Jay1abo) pa1osuuod gA pue £)X "YNLIA ‘punolb Josuas

V¢

punoib Josuas

6A

‘(A) Jonuoly pue (19) JoNuo ‘aigesip 10d Sjauueyd [eulalul
0] pale|ay - :0s[e 9as ‘sasodind sonsoubelp Joj uoneaidde
ay1 Ag 4o pue uo pauin aq ue) ‘suid Aiddns Y438 yroq
1o} [e101 s1 pals|| Aljigeded uaun) V438 ‘Addns Josuas

VWO0O0zZ ‘AS

A|ddns losuas

8A

‘(pa1sal |10+6s) Jonuol pue (6S) J0)UON

‘(pa1sal gs) Jonuoln ‘(gs) Jonuuoy ‘(19sad) JoluoN ‘(paduAs
aseyd) Jonuoly ‘(A0) Jonuol ‘(jo uo) Jouuoly ‘(jo Yo) JonuoN
‘(yney) Jonuoln ‘(pajgeua) Jonuo ‘eseyd-ouls 1 OQ ‘a|qeus
103 sjpuueyd [euialul 0} parelay "Indino jelas "apis-ybiy 1oy
TA YIM palied "uoienioe anjeA ajgelen axelul :asn [ealdA L

ZHO00Y
01 ZHOT V¢

ZHO00Y
01 ZHG'0T
‘VZ 01V0

apIs Mo

reudbiag

(anonpu)
lualind jueisuod

LA

‘(A) JonuolN pue (39) JoJUOI\ S|uueyd [eulalul 0] pale|ay
"apIs-ybiy 1oy EMdA yum palred ‘joauod dwnd Y| :asn ealdAL

V8

apIs Mo

rendbig

9A

*(An) Jonuo pue (3In2JId 1oys

a1aAas) J0)UO\ ‘(gs) Jonuo ‘(s1e1s palsanbal) Jouuoly ‘(1osal
uo-1amod) 1ouuo|N ‘(no) Jonuoly ‘(Buiurem 10) Jouuoln ‘(jo uo)
J0)UO\ ‘(jo o) Jonuo ‘(3ne} ou) Joluo ‘(pajgesip ayes-|iey)
J0)uo ‘(p) Jonuo ‘(39) Jonuo ‘(9) JoNUOW ‘LOd ‘18s8l 1Od
S|auueyd [euJalUl 0] Pale|aY "Pasn ag Ishw ssauley alim ayl ul
pamoje abneb aim wnwixew ay ‘uid siy jo Aujigeded Buikires
JUa1INd 8yl analyde o] ‘Jamod Jorenioe apis-ybiy Joroalui-uoN

VvOoT

apis ybiH

A

A|ddns Joyenoy

SA

‘Alreulaul

181960} pa1osuUU0d €7 PUB LZA ‘9ZA ‘VA ‘CA ‘THX ‘TdX

‘edX ‘TOX "Pash a( 1snw ssauley alim ay) ul pamojje abneh
aJim winwixew ay) ‘uid siyy jo Aljigeded BuiAired Jualind ayy
analyoe o] ‘ainjesadwsa) Bunesado wnwixew re payoads Buney

VSET

aNdSA

YA

"dMdA NIV [suueyd [euiajul 0] pale|ay ‘vZ pue

ZZ ‘0S|e 93s ‘pasn ag 1shw ssauley alim ay) ul pamojre abneb
alm wnwixew ay) ‘uid siyy jo Anjigeded Buiked uaiund ayy
aAalyoe 0] "ainreladwa) Bunelado wnwixew e paloads Buney

VS'ET

dMd A

1N

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

17



Connector pinout

‘(pa1sal |0+6s) Jonuo pue (6S) J0)UoN

‘(pa1sal gs) Jonuoln ‘(gs) Jonuoly ‘(19sal) Joluoly ‘(paduAis N_._ooo# 5
aseyd) Jonuoly ‘(A0) Jonuol ‘(jo uo) Jonuoly ‘(jo Jo) JoNuoN 01 ZHOT V¢ [enoia
‘(ymey) JonuoN ‘(pajqeus) Jouuoy ‘eseyd-ouks 1 OQ ‘e|qeus ZH000¥
10d s|auueyd [euldjul 0} paje|ay Ndino [euas "apis-ybiy oy 0} ZHG'0T (eAnonpur)
GA UUM palied ‘uoienioe anjeA ajgeleA 1sneyxa :asn [ealdA 1 ‘2 01 VO apIS MO o) 1U4INJ JUBISU0D 9TA
"J0Suas uonisod yeys-yueld Alepuodss
"Josuas uonisod yeys-wed AS 01 AO ZHYoT|  9438A 01 30T I reubig STA
"Josuas uonisod yeys-yueld Alepuodss
"Josuas uonisod yeys-we)H AS 0} \O ZHOT| 943F¥A 01 30T _ renbig YTA
‘(pa1sal |10+6s) Jonuol pue (6S) J0)UON
‘(pa1sal gs) Jouuoln ‘(gs) Jonuuoy ‘(19sad) J0luoN ‘(paduAs N_._ooov 6
aseyd) Jonuoly ‘(A0) Jonuol ‘(jo uo) Jouuoly ‘(jo Jo) JonNuoN 01 ZHOT V¢ [enbla
‘(yney) Jonuoly ‘(pajqeus) Joyuol ‘aseyd-ouhs 10Q ‘a|qeus ZHO000Y
10d s|auueyd [eusdiul 0} pale@y “Indino [euss "apis-ybiy Joy 01 ZHS'0T (anonpu)
TA UM palied ‘uonenioe anjeA ajgele 1sneyxa :asn [ealdA 1 ‘VZ 01 YO apIs Mo 0 1U81INJ JUBISU0D STA
‘(ney
OU g+V NVO) J0MUO pue NvD-9|gesip 1 OQ Ssjauueyd [eulail
01 pale|ay ‘TTA :0S[e aas ‘uonealdde ay1 Aq usppllIBA0 SSajun
BuiwwresBoudal 1oy sng NvD 3nesaq “(aA+) ybly v sng NvO dozT o) (ubiy) +NvO ZTA
“(ney
OU g+V NVO) J0HUO pue NvD-9|gesip 1 OQ Ssjauueyd [eulail
0] pale|ay ‘ZTA :0S[e 2as ‘uonealdde ay Aq uspplIIBA0 SSajun
Buiwwelboidal Jo) sng NvD 3Neyeq ‘(8A-) MO| V7 SN NV d0zT o) (mo]) -NvD TTA
‘(pa1sal |10+6s) Jonuo pue (6S) J0)UON
‘(pa1sal gs) Jonuoln ‘(gs) Jonuoly ‘(19sal) Joluoly ‘(paduAis N_._ooo# 5
aseyd) Jonuoly ‘(A0) Jonuol ‘(jo uo) Jonuoly ‘(jo Jo) JoNuoN 01 ZHOT V¢ [enoia
‘(ymey) JonuoN ‘(pajqeus) Jouuoy ‘eseyd-ouks 1 OQ ‘e|qeus ZH000¥
10d s|auueyd [euldjul 0} paje|ay Ndino [euas "apis-ybiy oy 0} ZHG'0T (eAnonpur)
GA UM palied ‘uoienioe anjeA ajgeleA axelul :asn [ealdA | ‘2 01 VO apIS MO 0 1U4INJ JUBISU0D OTA
S910N abuey SEMIE Buipeo || O/l uonound|d| uid

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

18



Connector pinout

‘Alreulaul

181860) pa108uUuU0d €7 pUB LZA ‘9ZA ‘VA ‘CA ‘THX ‘TdX ‘€aX
‘TOX "ainieladwsa) Bunelado wnwixew Je payoads Buney

va'l

aNdSA

9CA

"PIOY-NSd-8lgeus 10d [suueyd [eusslul 01 pare|ay ‘NO3

a1 dn axem [|Im ased 1SIoMm AG'Z eyl Jaybiy abeljoA v "palinbal
JI lossaooud Arewnd ayn yum Bunjosyd ssolo Joj Jossadoid
Arepuodas ay 0] panoy Indul (asuas uomubl) uonisod Ay

HMdA 01 AO

ZHEE

aNSA 01 30T

reubia

GCA

“(yney ou g+v NvD) JONUO pue NyD-8|gesip 10d S|suueyd
[eulsiul 01 pale|ay "EZA :0se 98s ‘(aA+) ybiy g sng NvO

lo)sisal
uoneuIw.a) oN

(Ubiy) +NVD

VA

"(Iney ou g+v NVO) JOHUO pue NvD-3|gesip 10a S|auueyd
[eulaiul 0] paie|dy g A :0S|e 99s ‘(8A-) MO| g sNg NVD

lo)sisal
uoneuIwIa) oN

(moy) -NvD

€CA

‘|[01u0d Bulwwesboid yse|} s|npo

N8T+

ZHECE

NC9'C 01 21/8

Sd3d

¢CA

1ndur Aouanbaly paads-ybiy 1ayio o ‘paads oqiny :asn [eaidA L

NS 01 AO

ZHY90T

a438A 0] TG

rendbig

TZA

1ndur Aouanbaly paads-ybiy 1ayio o ‘paads oqiny :asn [ealdA L

NS 01 A\O

ZHY90T

A438A 0] TG

rendbig

0CA

‘pafeasun
‘uoisianuod paubisun 1g-zT ‘ainjesadwsal [l |any :asn [ealdAL

AS 01 A\O

ZHTT

On_m_w_> 0l iy

anbojeuy

6TA

‘(A) Jonuoly pue (v queq dooAn) JIOHUOIN

‘(W Yueq GaoAn) Joluo ‘(W Mueq unl 1s81-4|8s) Joluo\ ‘(¥ dqueq
ssed 1591-4|9s) JolNuo ‘(¥ Mueq 10) Jouuol ‘(Bs s|) Jonuo

‘(gs s|) Jouuo ‘(jo s|) JouuolN ‘(Bs sy) Jouuol ‘(gs sy) J0NUO
‘(pajgeus) Joluol ‘(19) Jonuo ‘(W Mueq 1ne) 320[2) JIOUUOIA

‘(W >ueq ey wns32ayd) JONUO 'V Xued }ney1asal 10ad 'V
yueq 320]2 18sal 1 Od ‘@jgeus | Od S|uueyd [eulaiul 01 pale|ay
"apis-ybiy 10} TA YUm palied ‘dA[eA [0U0d |any :asn [ealdA L

V¥/Iv9

apIs Mo

renbia

8TA

‘(paisal |0+6s) Jonuo

pue (6s) Jonuoly ‘(paisal gs) Jonuoly ‘(gs) Jonuo ‘(19sal)
JolNuol ‘(paoduAs aseyd) Jonuuoly ‘(A0) Jonuo ‘(jo uo) JoNUO
‘(Jo yo) Jonuoly ‘(ney) Jonuo ‘(pajgeus) Jonuuoly ‘eseyd-ouis
103 ‘a|qeus 1 0d s|auuryd [eutaiul 0] paledy ‘Indino euss
"opIs-ybiy 10} TA YUM palied "oA[eA arebaisem :asn [eaidA |

ZHO00Y
01 ZHOT ‘V¢

ZHO00Y
01 ZHG'0T
‘Y2 01 V0

apIS MO

renbia

(@Anonpur)
Jualin? jueisuod

LTA

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

19



Connector pinout

"108)9-leH
108]9s 1 0@ pue seiq 193}a-|[eH 199]8s 1 Od S[auueyd [eulaul
0] pare|ay "EEA :0S[e 8as ‘10suas uonisod yeys-yued Arewnd

NOTT+

NOCC*

ZH)EC

8438 01307

(popua
a|buis SHA) anbofeuy

(en+
“JIp SYA) anbojeuy

CEA

‘pafeasun
‘UOISIaAU0D paubisun 1g-ZT "MOJ} Jie pjojiuew :asn [ealdAL

NS 01 AO

ZH6ZTT

VA3HA 01 %00T

anbofeuy

TEA

'(n)
Jojiuo pue (19) Jouuoly ‘(9) JONUON ‘SY-199]8S 1 0QA S|auueyd
[eutalul 0] pare|ay "(ZrA + OSA) 8104y} D1U0D3|S :asn [edidA |

V0T

*(A) Jonuo pue (30)
J0JIUO\ ‘(2) JONUON ‘SUY-199|9S 1 OQ S|duuey? [euldiul 0] pale|ay

V8

abpug-H

apIs
ybiy 1o moj
‘abpuq jleH

rendbig

0EA

‘(A) Jonuoln pue (Bs) Jonuol ‘(gs) Jouuoin

‘(Jo) JonuolA ‘(39) J0NUOIA S|duURYD [euldlul 0) pale|ay ‘€27
pue zzzZ ‘TTZ ‘0TZ :0S[e 8as ‘s|ie1ap Jayuny 10} Uondas ,09dN
pueq apim - Buisuas uabAXQ, ayl 89S 'Wa1sSAS 1|OA {7 e Buisn
uaym Jo sainjeladwial Jusiguie mojag ul losuas ay) Buisn uaym
Jareay Josuas ¥ 093N 8yl dALIP 03 pasn ag ued uid Juannd
Jaybiy v "losuas ay) 01 yoeqpas) onsoubelp eusaiul sapiroid

11 se uid Jayeay ayp Joj pasn aq ued uid siy1 ‘Josuas ¥ 093N
ay Buisn usypn "ISALIP apIs-mo| dusuab e se pasn aq ued uid
SIYL “apis-ybiy Joy ¥MdA 10 TA Yum palied v 093N 10} JaresH

\4%

apIs Mo

renbia

6CA

‘(AN ppA) JI0HUO pue (AN 2IA)

Jonuol ‘(Bs) lonuo ‘(gs) Jouuoly ‘(arers paisanbal) J01UON
‘(Jo yo) 1onuo ‘(30) Jonuow ‘sjgeus 1 OQ S|duuryd [eussiul 0}
pare|ay "apis-ybiy Joy BMdA yum paired ‘uonewloul sniels N3

YWOo0s

apIs Mo

apod ysel

8CA

‘Areusaul

1919601 Pa108BUU0D £7 PUB LZA ‘9ZA ‘VA ‘TA ‘THX ‘TdX ‘€dX
‘TOX raineladwsa) Buneiado wnwixew e payinads Buney

V&'l

aNoOa

LCA

S910N

abuey

181]14

Buipeo

N

o/

uonoaun4g

d

uld

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

20



Connector pinout

"(p) Jonuo pue (10)
JONUOI\ S|auueyd [eulalul 0] pale(ay “JaAup (Uews) yeds/i0D

‘(p) JoNUOIN pue (1) JONUOIA S|SuUURYD [eUIB)UI 0] pale|ay "apIs

apIs Mo

-ybiy Joy M yum paured "uoirenioe xreds Lews :asn [eoldA L VT WA 0 IS A | O [enbig OvA
"(p) Jonuo pue (30)
JONUO S|auueyd [eualul 0] pale|ay “JaALp (Lews) yeds/0D apIS MO
"(p) J0NUON pue (19) JIONUOIA S|BUURYD [euldlul 0} pale|ay "apIs
-ybiy Joy IMdA yum palred ‘uonenioe yreds Lews :asn [ealdA L VT A4F8A 01 TIG| A | O reubia 6EA
(p) J0NUON pue (39)
JONUO S|auueyd [eudiul 0] pale|ay “JaAup (Lews) yeds/0D apIS MO
"(p) J0NUO\ pue (12) IONUOIN S[2UURYD [eUIBIUI 0] pale|ay "apIs
-ybiy 1oy BMAA ynm paired "uonenioe xieds pews :asn [edldA L V1 A3WA 01 IG| A | O [eubig 8EA
"(p) Jonuo pue (30)
JONUOI\ S|auueyd [eulalul 0] pale[ay "J1aAup (rews) yeds/l0D apIS MO
"(p) J0NUO\ pue (12) IONUOIN S[2UURYD [RUISIUI 0] palR|aYy "apIsS
-yBiy 1oy HMAA yum paured ‘uonenioe ieds ews :asn [ealdAL vT 438N 01 G| A | O [enbig LEA
‘NvO-3lgesip 1Od [suueyd loisisal
[eusalul 01 pare|dy "GEA :0s[e 33s ‘(an+) ybly O snq NvO uoneuIw.a) oN o) (ubiy) +NvO 9EA
‘NvO-9|qesip 10d loisisal
[suURYD [eulslul 0} PaYe|aY "9EA ‘OS[e 88S ‘(8A-) MOl D SNq NV uofeuw.a) oN o) (mo]) -NvO GEA
‘'AG 01 AO SI 8buel abe)joA paliajald "Y21Ms ysep :asn [ealdAL dMdA 01 AO ZHEE dMda 01 0T | enbig VEA
"109yja-|[eH 10919s 1LOd
pue seiq 198y8-|[eH 199|8S 1 0@ S|duuey? [eulalul 01 pare|ay
"ZEA U0 SHA papud a]fuls B Yum IO JOSUSS 10848 [[eH & yum (an
Bunelado ajiym punolb 01 198UU0) "Josuas uonisod yeys-yueld NOZZF | - “1p SYA) enbojeuy SEA
"109)J8-|[eH 199]8s L O pue seiq 199)j8-|[eH 109|8s 1 Od s|suueyd
[eulaiul 01 pale|ay "losuas uonisod yeys-yueld Arewd AS 01 AO (reH) reubia
S810N abuey SEMIE| Buipeo || O/l uonound|d| uld

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

21



Connector pinout

‘NvO-3|qesip 1.0d Joisisal
[Buueyd [eulslul 01 pare|ay "8YA :0S|e 8as ‘(an-) Mo| d sng NVD uoneuiwid) oN o) (moy) -NVD IV A
"UONMS ysep :asn [edldAL NG 0} AO zHee| INOA 00T _ leubia A
(p) J0MUON pue (39)
JOJUOI\ S|auueyd [eulalul 0] pale[ay "J1aAup (Lrews) yeds/i0D apIS MO
"(p) J0NUO\ pue (12) IONUOIN S[2UURYD [BUIBIUI 0] palR|aYy "apIsS
-ybiy Joy M yum paired uoirenioe xreds uews :asn [eoldA | VT A438A 01 TG o) [enbig SYA
() J0nuoN pue (39)
JONUOI\ S|auueyd [eulalul 0] pale[ay “J1aAup (Uews) yeds/i0D apIS MO
‘(p) J01UON pue (12) IONUOIN S[2UURYD [RUIBIUI 0] palR|Y "apIS
-yBiy Joy HMAA yum paired ‘uonenioe xieds Lews :asn [ealdAL VT d43¥A 01 TG 0 [enbig rrA
"paads aja1yan :asn [edldAL AS 01 AO ZHNOT| 9938A 01 TG _ lenbig EVA
apIs
*(A) JonuolN pue (19) ybiy 1o moj
Jonuo “(9) J0NUON ‘sy-199]9S 1 Od S|duuryd [eulalul 0 pare|ay V8 ‘abpuq jreH
‘(N
Jojiuo pue (19) Jouuoly ‘(9) JONUON ‘SY-198|8S 1 0Qd S|puueyd
[eusaiul 0] pale|ay (ZrA + OEA) SNOJYl 21U01I8D :asn [edldAL VOT abpug-H (o) renbiq v A
"(A) Jonuoln pue (Bs) Jonuol ‘(gs) Jouuon
‘(10) JouuO ‘(19) JONUOIN S[oUURYD [euldlul 0} pale|dy “LiyZ
pue 947 ‘GEZ ‘YEZ 0S[e 98S ‘s|ie1ap Jayuny} 10} UoNd8s ,093N
pueq apim - Buisuas usabAxXQ, ayl 935 "Wa1SAS 1|OA {7 e Buisn
usym Jo sainjeladwal Jusiguie mojag ul losuas ayl buisn uaym
lareay Josuas g 093N 8yl dALIP 01 pasn ag ued uid Juaund
Jaybiy v "1osuas ay 01 yoeqpas) onsoubelp eussiul sapiroid
1 se uid Jayeay ayy Joj pasn aq ued uid siy1 ‘Josuas g 09IN
ay) Buisn usypn "ISALIP apiIs-mo| dusuab e se pasn ag ued uid
SIYL "apis-ybiy Joy MdA 10 GA Yum palied g ODIAN o} JeresH \'4% apIs Mo 0 renbig TVA
S810N abuey SEMIE| Buipeo || O/l uonound|d| uld

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

22



Connector pinout

"SlainjorjnuUEW SNOLIBA WOJJ J0 Id WOoJ) PaIapIo 8¢ ued sluauodwod J0103Uu0d [eNpIAIpU| Id WOl palaplo aq ued syoed J0108uuo)

Z Reg ‘g2

‘(A) JonuolN pue (g xueq dooAn) JoNUON

‘(g »ueg GooAN) JONUOIA ‘(g Yueq unl 1sal-}|8s) JONUOI ‘(g dueq
ssed 1591-J|8s) Jouuo\ ‘(g Mueq 10) JouuolN ‘(Bs s|) Jonuo

‘(gs s|) 1onuol ‘(jo s|) Jonuon ‘(Bs sy) JonuoN ‘(gs sy) JoNuo
‘(pa|qeus) Jonuo ‘(30) JoNUON ‘(g ueq 3nej %00]2) JoNUo ‘(g
Yueq Jney Wwnsxo8y9d) JONUON ‘g Mueq Jjnej-19sal 10d ‘g Jueq
00]2 18sal 1 0Q ‘9|qeus 1 OQ S|suueyd [eulalul 0] pale|ay apIs

-ybIy 10J GA Yum palied "aAfeA uonenbai ainssaud :asn [ealdAL Yi/V9 apIS MO o) renbig EGA
MOONM
pue NIV ‘NIV S[duueyd [eulsjul 0] paje|ay g JOSUSS %I0u AOT 01 AO ZH0Z aNOA 01 NT _ 10SUSS »o0u ZSA
MOONM
pue NIV ‘NIV S[duueyd [eulsjul 0] paje|ay ‘g JOSUaSs %o0u AOT 01 AQ ZH0Z aNOA 01 NT _ 10SUSS 00U TSA
"(p) Jonuo pue (10)
J0JIUOIA S|auuURYD [eUIBIUI 01 Pale|ay "IaALIp (Lews) yeds/|i0D apIs Mo
‘(p) JolUOA pue (12) JONUOA S|SuURYD [eUIBIUI O} pale|ay "apIs
-ybiy Joy M yum paired "uoirenioe xueds Lews :asn [eoldA L VT a438A 01 TG 0 [enbig 0SA
"(p) Jonuo pue (30)
JOJIUOIA S|auuRYD [eUIBIUI 01 Pale|ay "IaALIp (Lews) yeds/|i0D apIsS Mo
‘(p) JolUOA pue (12) JIONUO\ S|uUURYD [eUIBIUI O} pale|ay "apIs
-ybiy Joy IMdA yum palred ‘uonenioe yieds Lews :asn [ealdA L VT A438A 0] TG (o) reubia 6V A
‘NvO-3lqesip 10d [suueyd J01sisal
[eulajul 0} pare|dy "Ly A :0s[e 93s ‘(aA+) ubly @ snq NvO uofreulwal oN 2 (ubYy) +NvO 8VA
S910N abuey SEMIE Buipeo || O/l uonound|d| uid

A Aeg — 10108UU09 urey

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

23



Connector pinout

GZ pue 7 ‘€7 ‘2z 'TZ sud

uonisod pasnun 1o} Bn|d Noelg T60T-SCEY9
Ja19wWelp uoneNSuUl aJIm
ww TZ'y - Ww O5°¢ ‘feas aim a|buls 99€T-GCEV9
Ja1owrelp uoneNSul aJIm
Ww Gi'€ - WW G9°'Z ‘[eas alim a|buls Kalo 8GET-GCEV9
Jajewrelp uoneNsul aJm
Www Q0% - Ww Qp'€ ‘reulwss) sjews4 6TOT-CEV9
Jajawrelp uonenNsul aJim
Www 06°'T - Ww Q9'T ‘feulw.s} sfews4 uiL 620T-2EY9 X3|OIN
1ed inojo) Jaquinu ued Janddng
uld ww 8'z ayl 1o} sisquinu 1ed ‘ST°Z a|qel
deo alim TOTT-TZEVI
(indino aam 1ybu) 10108UU0D BjRWSH yoelg TT0Z-TZEH9 X9|ON
1led inojod Jaquinu ued Janddns

10198UU09 Bulrew ay) Jo siaquinu ed ‘$T°Z a|gel

€5
34
6¢
Ll

44

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

24



Connector pinout

[eullIa) |rews) Ww G'T 8y} 10} |00] UONRJRIIXS Uld 00€Z-€18€9
[euiwial
sfews) ww G£9°0 aY} Joj |00} uondelixs uld 001Z-€18¢€9 XS|0N
1led Jaqunu ued Janddns

S|001 uonoeiIxs uid ay) Jo siaquinu 1ed ‘6T'Z 9|qel

[eulwla] areway wWw g8'z ayi Joj jool dwu) 0086-TT8E9

[eulwla] rews) wWw G T ayi oy |00l dw) 0068-118€9
[eUIWISY S[BWS) WW GE9'0 By} 1o} |00} dwHD 00¢Z6-118€9 Xa|0N
1led Jaqunu ued Janddns

sj001 dw1io uid 8yl Jo siequinu led ‘8T°Z a|qel

ZSZ pue 1G7 ‘0SZ ‘6¥Z+8vZ 'LvZ '9vZ

'SYZ ‘YvZ '€vZ '0vZ '6€Z '8€Z 'L€Z '9€Z 'SEZ 'VE€Z '€€Z 'CEZ 'TE€Z '8CZ *L2Z '92Z 'STZ '¥TZ '€TZ '22Z '1¢Z '0¢Z '61Z '91Z ‘€1Z 'TTZ 'TITZ '0TZ 'LZ suld

uomsod pasnun o} Bnid ANUM 0TOT-SZEV9
Ja1owelp uoneNSul aJIm
Www 06°'T - Ww Q9'T ‘feulw.s) sjewsH 620T-22EV9
Ja1owelp uoneNSuUl aJIm
Www 0T - Ww Op'T ‘feulwss) sjews4 uiL 6£0T-22CEV9 X930
1ed Inojo)D Jagwnu ued Janddns
uld ww GE9'0 Y3 1o} slsquinu Led “/T°Z 9|qel
€GZ pue gy7Z ‘T¥Z ‘0€Z '6¢Z ‘817 ‘117 '9Z suld
uonisod pasnun Joy Bn|d abueiQ €20T-GZEP9
Jajewrelp uoneNsul aJm
Ww GT'¢ - Ww Op'T ‘feulwss) sjews4 uiL 620T-E2CEV9 X3|ON
1ed Inojo)D Jagwnu ued Janddns

uld ww g'T 8yl 10j siaqwinu 1ed '9T°Z a|qel

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

25



Connector pinout

juI0d18S 1S00( WNWIXe|A "Pasnh 8 1SNW Ssauley aJ4im ayi ul
pamojre abneb aum wnwixew ay ‘uid siyy jo Aupgqeded Buikires
1Ua.Nd ayl analyoe o] “Alddns Aleneqnsooq apis-ybiy 1019alu|

ead
VG2 ‘SN VET

g yueq Joyoalul

apIsybIH| A | d Aiddns Jorenoy V4

"dMdA NIV [suueyo [eulsiul 0] pare|ay "¢z pue

€A :0S[e 23S ‘pasn a( 1SNw ssaurey alm ay) ul pamojje abneb
alm wnwixew ay) ‘uid siyp Jo Aljigqedes Buikired Juaiing ayy
analyoe 0] "aineladwa) Bunelado wnwixew je paljoads Huney

VS'ET

W_>>n_> vZ

‘Areusaul

131260} pa1osuu0d €7 pue /ZA ‘9ZA ‘YA ‘TA ‘THX ‘TdX

‘edX ‘TOX 'Pasn aq 1snuw ssauley alim ayl ul pamojre abneb
alm wnwixew ay) ‘uid siy: Jo Aljigqedes Buikied Juaiing ayy
analIyoe o] ‘ainesadwa) buneiado wnwixew e paynads buney

VS'ET

d aNSA €z

"“dMdA NIV [suueyd [eulsiul 01 parelsy ‘7 pue

€A :0S[e 23S ‘pasn a( I1snw ssauey alm ay) ul pamojje abneb
alm wnwixew ay) ‘uid siy: Jo Aljigqedes Buikied Jualing ayy
analyoe o] ‘ainelsadwa) buneiado wnwixew e payioads Buney

VSET

N_>>n_> 2z

"(A) Jonuo pue (v
yueq dooan) Joluol ‘(v queq GooAn) Joluo ‘(W Yueq uni 1sa1
-J|9s) J01uoN ‘(v queq ssed 1sa1-)|as) JouuolN ‘(awi abreyosal)

Joluol ‘(Ao) Jonuo ‘(W Mueq 10) Joluoy ‘(swn abreydsal xew)
J0)UO ‘(p3|geus) JoHUO ‘(30) JONUO ‘(V Yueq Jnej %20|2)
Jonuo ‘(W xueq 3jne} wnsx2ayd) JOUUON ‘v Mue(q Jne}-19sal

103a ‘v ueq 200 18sal 1 0Q ‘a|qeua 10d S[auueyd [euialul
01 pale|dy "gvZ pue 0€Z ‘8TZ ‘'9Z :0S[e 93s ‘AG9 S| Julodias
1S00Q WNWIXe ‘Pasn aq 1Snw ssausey alim ayl Ul pamole
abneb asm wnwixew ayl ‘uid siyy jo Aujigeded BulAed uaund
ayl analyoe 0] v yqueq ‘Alddns Aieneqgasooq apis-ybiy 10193lu)

ead
VG2 ‘SINY VET

V ueq J01o9(ul

dpISYBIH| A | d Aiddns J1orenoy 12

S9]0N

abuey

JENE Buipeo| i | o uonoundg|d| uid

7 Reg — 10193UU02 U

7 Aeg — 1nouid 10109UU0) '0Z'Z d|gel

[eulwla] sfewsa) Ww g'Z ay) 1oJ [00) UoNJBIIXa Uld

00S¢-€18€9

ued

Jaquinu ued Janddns

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

26



Connector pinout

"(Bs) Jouuo pue (gs) JONUO ‘V-O0DIN JN NIV ‘V-093N
VN NIV S|suueyd [euialul 0] pale|oy '€2Z pue 227 ‘TTZ ‘62CA
:0s|e 99s ‘(juswainseaw-1y 10} Indino/-ul annsadsal |0U0D
1ua.nd dwnd Jo indur BumiaAul) ¥ 093N Jo) abeloA 1ISUIBN

e/u

e/u

e/u

(NN exe)
+3Y V¥ J0Suas 093N

0TZ

" :0S[e 9as ‘Ajeulaul
Jay1abo) pa1osuuod g7 pue grx 8NLIA ‘punolb Josuas

V¢

punoib Josuas

6Z

"(A) Jonuoly pue (19) JoNuo ‘ajgesip 10d Sjauueyd [eulalul
0] pale|ay - :0s[e 9as ‘sasodind sonsoubelp Joj uoneaidde
ay1 Ag 4o pue uo pauin aq ue) ‘suid Aiddns 8438 yroq
1o} [e101 s1 pals)| Aljigeded uaun) 8438, ‘Addns Josuas

VWO00zZ ‘AS

A|ddns Jlosuas

87

‘(paisal |0+6s) Jonuo pue (6s) JonuolN ‘(paisal

gs) Jouuoln ‘(gs) Jonuoly ‘(19sai) Jouuoly ‘(paduAs aseyd)
10)UO ‘(A0) JONUON ‘(jO UO) JOUUOW ‘(|0 40) JONUOIN ‘(3Ney)
Jojuol ‘(pajqeusa) Jonuoly ‘aseyd-ouhs 10Qq ‘aigeus 104
S|auueyd [eulaiul 01 parejay ‘Indino elas "apis-ybiy Joy IMdp
UM palied ‘uonenioe uonenalioal seb isneyxa :asn [eaidAL

ZHO00VY
01 ZHOT ‘V¢

ZHO00Y
01 ZHG0T
‘Y2 01 V0

apIs Mo

rendbig

(Anonpu)
lualind jueisuod

LZ

‘(v yueq dooan)

Joluo pue (Y yueq Ga9AN) JolUo ‘(¥ Jueq unl 1S81-4|9s)
Joluo ‘(v Mueq ssed 1sa1-J|as) Joluoly ‘(¥ Mueq 10) JonuolN ‘(Bs
s|) JonuolA ‘(gs si) Jonuon ‘(o s|) Jonuoly ‘(Bs sy) Jonuon ‘(as
sy) Jo)uol ‘(pajgeus) JoHUo ‘(39) JoNUO ‘(V Yueq }ne} %20|2)
JONUO ‘(W Mueq Nk} wns)2ayd) JouuolA ‘(20 1S00q) J0NUON

‘V Mueq Jjnej-1asal 10a Vv Jueq 420|d 19sai 103 ‘8|qeus 10d
S|auuRyD [eulalul 0] pale|ay pealsul 8T A @SN ‘NOL9IN uo
parejndod 10N "apis-ybiy 1o} TZ yum paired "Tv Jo3oalul [an4

VST

apIs Mo

(10303[u) renbia

9Z

‘(A) Jouuo|N pue (g xueq dooan) Jouuoln ‘(g Mueq GodAN) I0NUOIN
‘(g yueq unu 1sa1-4j9s) Joluol ‘(g Mueq ssed 1S91-4|8S) J0)UON
‘(awn abieyoal) Jonuoy ‘(A0) Jonuoln ‘(g Mueq 10) JoNUOo ‘(Bwn
abieyosal xew) JoNuol\ ‘(pajgeus) Jouuolp ‘(19) Joluoly ‘(g queq
}ine} %2012) J0HUO ‘(g ueq }ne} WnsXday2) JOHUOW ‘g dueq
Jnej-19sal 1 0 ‘g queq X20]9 19sal 10d ‘9|qeus 1 0Qd S|jauueyd
[eusdlul O} pare|dy "‘€GZ pue TvZ ‘6¢Z ‘LTZ ‘0S[e 83s ‘AG9 SI

S910N

abuey

181]14

Buipeo

N

o/

uonoaun4g

d

uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

27



Connector pinout

yueq ssed 1s91-Jjas) JoluolN ‘(v queq 10) lonuol ‘(Bs s|) JoNUON
‘(gs s|) J0HUo ‘(j0 s|) JoHUO ‘(Bs suy) JoNuoN ‘(s Sy) JOHUOW
‘(pajcreus) Jonuoy ‘(30) JoNuoN ‘(v ued }ney %20]9) J0}UON

‘(W yueq Nk} wnsxoayd) Joluoy ‘(20 1S00q) I01IUON ‘W queq
JNeJ-19sal | O ‘v queq 20|92 18sal 1 0d ‘Bjgqeus 1 0Qd Ss|jauueyd
[eulalul 01 parejay ‘apis-ybiy Joj TZ yum paired "z Joroalul jsan4

VST

apIs Mo

(10108[un) renbig

81Z

(g yueq dooan)

Jo1UOI\ pue (g Mueq G22AN) JONUO ‘(g Jueq unl 1S31-J|9s)
JolNUo ‘(g Mueq ssed 1sa1-J|as) J0luo\ ‘(g Mueq 10) JonuolN ‘(Bs
s|) Jonuoly ‘(gs si) Jonuo ‘(o s|) Jonuoly ‘(Bs sy) Jonuon ‘(s
sy) Joyuol ‘(pa|geus) JoHUoW ‘(30) JoHUO ‘(g Yueq yne} %20|2)
J0NUOI ‘(g Mueq 3ne} wns)2ayd) JouuolA ‘(20 1S00q) J0NUON
‘dueq lnej-1esal 10A ‘g ueq X20|d 19sai 103 ‘8|qeus 10d
S|auuRyD [eula1ul 0] pale|ay pealsul EGA s ‘NOZIIN uo
pare|ndod 10N "8pis-ybiy 10} GZ yum paired Tg Joyaslul |pn4

VST

apIs Mo

(10103[ur) renbiq

LTZ

"pajeasun ‘uoIsIaAu0d paubisun 1g-gT ‘ainssaud |10 :asn [eaidAL

NS 01 AO

ZHYY

aNSA 01 300T

anbofeuy

917z

" :0S[e 93s ‘Ajeulaul
Jay1aboy pa1osuuod GTZ pue gHX ONLEA ‘punolb losuas

V¢

punoib Josuas

qTZ

‘(A) JouuoN pue (39) JoNuo ‘a|gesip 103d Sjauueyd [eulalul
0] pale|ay - :0s|e 9as ‘sasodind sonsoubelp Joj uoneaidde
ay1 Ag Jo pue uo pauin aq ue) ‘suid A|ddns 9338 yioq
10 [e101 si pals|| Aujigeded Juaan 9338 ‘Ajddns Josuss

YWOo0zZ ‘AS

A|ddns losuas

viz

‘paJinbal Ji Jossado.ud Arewd ayl yum Buyoayd sso.9 1o}
10ssa204d Arepuodas ayl 01 paInoy "YoUMS ayelq :asn [edldA L

NS 01 AO

ZHEE

AaNOSA 01 30T

renbia

€1z

"AG 01 A\O S!I abues abejjon paliajaid
‘patinbal Ji Jossao0ud Arewnd ay1 yum Bupjoayd sso.o 10y}
1ossao0.id Alepuodas ay} 0} paInoy "YdlMms 1o Mo| :asn [edidA |

HMdA 01 AO

ZHEE

dMd A 01 40T

renbia

(A4

"(6s) Jonuo pue (gs) JoNuo ‘v-093N

4N NIV ‘V-093N VYN NIV S[duueyd [euldiul 01 pale|ay ‘€2z
pue 22z ‘0TZ ‘6ZA :0s[e 88s ‘(DDA G'0) NS 8y} JO pue |01U0D
1ua.nd dwnd Jo punoib [enuiA) ¥ 093N J10) punolb penuia

e/u

e/u

e/u

(WA exe)
NdI V Josuss 093N

1127

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

28



Connector pinout

"ZT/MA=EA ‘uonenbas ay) asn ((A)
abejjon [enjoe 01 (UA) abe)joA painseaw 1BAUOD 0] “UOISISAUOD
paubisun 1g-ZT ‘aJnjesadwa) pjojiuew isneyxa :asn [ealdAL

AW9'9TY
0l AWO

ZHYTT

0438 01 0T

(@1¥) enboreuy

9¢Zz

‘Pa[eIsun ‘uoISIBAUOD
paubisun 1g-ZT "ainssaid pjojiuew isneyxs :ash [ealdA L

AS 01 A\O

ZHYY

8438/ 01 00T

anbojeuy

qcZz

‘pajeasun ‘UoISIaAU0D
paubisun 1g-ZT "ainssald pjojuew 1sneyxa :asn [ealdA L

AS 01 A\O

ZHYY

V434 01 00T

anbojeuy

viz

(Bs) s0nuo pue (gs) JoNUOW ‘v

-093N dN NIV ‘'Y-093N YN NIV S[duueyd [eulsiul 01 pare|ay
'22Z pue TTZ '0TZ '62A :0s[e 9as ‘((abejjon junys) Jatdwe
1and dwnd Jo indul BumisAul) ¥ 093N Joj waund Buidwng

e/u

e/u

e/u

‘(dI exe)
3dV V Josuas 093aN

€z

"(Bs) 1onuo pue (gs) JoNuoW ‘V-093N N NIV ‘V-093N VN
NIV S|duuey [euislul 01 pale|dy "€¢Z pue TTZ ‘0TZ ‘6ZA :0S[e
99S ‘PA12BUUOISIP Ud| g ued SIyl sny) pue uid siy) aney 1ou op
siosuas Auely “(jonuod uaina dwnd ay; Jo 1ndino pue Jaydwe
jua.nd dwnd jo 1ndul Bunuaaul-uou) ¥ 093N J40J 1USLIND WL

e/u

e/u

e/u

(V1 exe)
1Y Vv Josuas 093aN

(A4

'SI0SUSS
omy Buisn amoJyl auo jo uonisod ayl Burosys ssou9 jo asodind
3yl 10J 0ZZ Yyum palred "patinbai j1 Jossas0id Arewnd syl yum
Buoays ss04o 10} 10SS320.d Arepuodas ay) 0] paInNoy "pajeasun
‘uolsianuod paubisun 1g-ZT "1osuas uonisod ajnoly :asn [eaidA

NS 01 AO

ZHYY

V43dA 01 )TG

anboeuy

| X4

‘SI0SUSS
omy Buisn anoJyl auo Jo uonisod ayl Buosys ssouo jo asodind
3yl 10} TZZ Yum palred "patinbai ji Jjossasoid Arewnd syl yum
Buoayd ss042 10} 10SSa20.d Arepuodas ay) 0] paINoy “pajeasun
‘uolsianu09 paubisun 1g-ZT "10suas uonisod ajnolayl :asn [eaidA

NG 01 AO

ZHYY

8438 01 )15

anbofeuy

0cz

"|0UOD BJeMII0S ON "UMOP SINYS NDJ Byl Usym
110 pauin) ‘dn uayom si NDJ usym uo pauiny ‘Aejal pjoy Jamod

Yw00s

apIs Mo

rendbig

61Z

‘(v yueqg dooAn) JojUON
pue (Vv ueq §29AN) JONUON ‘(¥ Mueq uni 1S8)-J|8s) JI0NUo ‘(v

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

29



Connector pinout

“(An ppn)

Jojuo pue (An 29A) Jonuoly ‘(Bs) Jonuo ‘(gs) Jouuoln ‘(arers
paisanbal) Jonuopy ‘(jo o) Jonuo ‘(19) JouuolN ‘e|geus 10d
S|auueyd [eulaiul 01 pale|ay "apis-ybiy Joj EMdA yum palred
‘Aejal uoneanoeap Japullha Jo Aejal bnid molb :asn [ealdAL

Yw00s

apIs Mo

rendbig

T€Z

‘(v yueq dooan) JolUoO

pue (¥ Jueq Go29ANn) JoNUO\ ‘(W Mueq unl 1S8]-4|8s) J0NUO ‘(V
Mueq ssed 1s91-J|9s) J0UuolN ‘(v queq 10) lonuol ‘(Bs s|) J0lUO
‘(gs s|) Jonuo ‘(jo sj) Joyuo ‘(Bs sy) Jonuoly ‘(gs sy) JoHUOW
‘(pa1qeus) Jonuo ‘(30) JoNUo ‘(V ueq 3nej %00d) JOHUON

‘(W yueq 3Nk} wnsx3oayd) J0)UolA ‘(20 1S00Q) I0NUON ‘V queq
Jnej-19sal 1 0d ‘v queq X20]9 19sal 10d ‘9|qeus 1 0d S|jauueyd
[eusd)ul 0} pare@y "apis-ybly 1o} TZ Yum paired "€V 10303ful |an4

VST

apIs Mo

(10303[u) renbia

0€Z

(g yueq dooan) JolUON

pue (g ueq Go9AN) JONUOA ‘(g Mueq unl 1s8]-4|8s) J0NUoN ‘(g
Mueq ssed 1581-J|8S) J0UUON ‘(g Mueq 10) Jonuoln ‘(BS S|) J0)UON
‘(gs s|) Jonuo ‘(jo s|) Jouuoln ‘(Bs sy) Jouuo ‘(gs sy) J0NUoO
‘(pajgeus) Jo)uoly ‘(19) Jonuo ‘(g Mueq 1Nk} 320[2) JIOUUOIA

‘(g yueq 3ney wnNsx3o8yd) J0)UOoA ‘(20 1S00Q) J0NUON ‘g queq
Jnej-19sal 1 0 ‘g queq X20]9 19sal 10d ‘9|qeus 1 0Qd S|auueyd
[eulaiul 01 pale|ay "apIs-ybiy 1oy GZ yum palred ‘zg Joroalul jan4

VST

apIs Mo

(10303[u) renbia

6¢Z

'slosuas
om] Buisn fepad auo jo uonisod ay1 Bujaayd ssoid jo asodind
3} 10} /27 Yum paired ‘palinbai ji Jossasold Arewnd ayl yum

Burjoayd ss049 10} J0ssad0ld Arepuodas ay) 0] paInoy ‘pajeasun

‘uoisianu0d paubisun 1g-gT "uonisod fepad :asn [eaidA L

AS 01 A\O

ZHYY

aNOA 01 4TS

anbojeuy

8¢7Z

'siosuas
om Buisn jepad auo Jo uonisod ay1 Bunjoayd sso.o Jo asodind
3yl 1oJ 827 Yum palred ‘patinbai Ji Jossas0id Arewnd syl yum

Buyoayd ss019 1o} J0ssao0id Arepuodas ay) 0] painoy "pajeasun

‘uolsianuod paubisun 1g-zT "uonisod [epad :asn [ealdAL

NS 01 AO

ZHYY

aNOA 01 4TS

anbofeuy

YXAA4

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

J OPEN LS
Www.pi-innovo.com

30



Connector pinout

"(An ppA) Jonuoly pue (An 29A) Jonuol ‘(BS) Jonuuon

‘(gs) JouuolN ‘(arers paisanbai) sonuoln ‘(jo 4o) Jonuo ‘(19)
JONUO ‘B|geUD 1 OQ S|auueY? [eUISlUI 01 pate|ay "apis-ybiy
1oj IMdp yum palred "dwre| uoneslipul uonounjew :asn [ealdA L

YWwoo0s

apIs Mo

reubiag

6€Z

‘(AN ppA) JonuolN pue (An 29A) Jonuol ‘(6s) JonuolN ‘(gs)
Jojuol ‘(are1s parsanbal) Jonuon ‘(jo Jo) JoNuoly ‘(19) JoNuo
‘a|geus 1 OQ S|auueyd [eulalul 0] pale|ay "apis-ybiy Joy IMdp
yum paired ~dwe| Buiurem ainjesadwal Juej009 :asn [eadAL

YWwo0s

apIs Mo

reubig

8¢z

(AN ppA) JonuoN pue (An 22A) Joluol ‘(Bs)

Jonuol ‘(gs) Jonuop ‘(sre1s paisanbai) sonuoly ‘(jo Jo) Jonuon
‘(30) JoNUON ‘B|qeUS 1 O@ S[aUURYD [BUISIUI O} pare|ay "apIs
-ybiy 1oy IMdA yum paired ~dwe| ainssald |10 moj :asn [ea1dAL

YWwoo0s

apIs Mo

reudbiag

LEZ

(AN ppA) JonuolN pue (An 99A) J01IUOIN

‘(6s) 1onuoN ‘(gs) Jonuoly ‘(arels parsanbal) Jonuoln ‘(jo o)
Jonuo ‘(10) JoNUO\ ‘Sjgeus | O S|auueyd [euldiul 0} pale|ay
"apIs-ybiy 10} IMdA yum paiied ‘dwe| |aA3] |10 MO| :asn [ealdA |

Yw00s

apIs Mo

rendbig

9eZ

“(Bs) sonuon pue (gs) Joyuoi ‘g-093AN

4N NIV 'd-093N YN NIV S[suueyd [eulaiul 0} pale|sy “LvZ
pue 9y7 ‘v€Z ‘Tr A :0s[e 8as (DDA §°0) NS Y} JO pue |0HUOD
1ua.nd dwnd Jo punoib [enuiA) g 093N o) punolb eniuia

e/u

e/u

e/u

(NN exe)
NdI g Josuss 093N

115974

(Bs) Jonuon pue (gs) J0HUON ‘g-093N JN NIV ‘G-093N
VN NIV S[duueyd [euiaiul 0] pale|dy ‘/¥Z pue 9y7 ‘GEZ ‘TrA
:0S|e 99s ‘(uswalinseaw-1y 10} INdINo/-ul dANdadsal |013U0D
wa.und dwnd jo indul Buiuaaul) g 093N 10} abe)joA 1ISUIBN

e/u

e/u

e/u

‘(NN ee)
+34 g Josuas 093N

veZ

‘pajeasun
‘uoisIanu0d paubisun 1g-gT 'ainssald Julawoldeq :asn [edldAL

AS 01 A\O

ZHYY

aNOA 01 300T

anbojeuy

€ez

‘pafeasun
‘uolsianuod paubisun 1g-zT "ainssaid 18[1no 0gun] :asn [ealdA L

NS 01 AO

ZHYY

aNOA 01 300T

anbofeuy

(A4

S910N

abuey

181]14

Buipeo

o/

uonoaun4g

d

uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

31



Connector pinout

siosuas Auely “(jonuod uaino dwnd ay; Jo 1ndino pue Jaiyidwe
jua.nd dwnd jo 1ndur Bunuaaul-uou) g 093N J0J JUSLIND WL

e/u

e/u

e/u

(V1 exe)
14 g Josuas 093AN 9z

‘pafeasun
‘uoisianuod paubisun 1g-ZT ‘ainresadwal JuL|009 :asn [ealdAL

NS 01 AO

ZHTT

O438A 01

anbofeuy SiZ

"ZT/MA=CA ‘uonenba a1 asn ((A)
abejjon frenjoe 01 (WA) abe)jon painseaw LBAUOD O] “UOISISAUOD
paubisun 1g-ZT ‘ainjesadwal pjojiuew 1sneyxa :asn [ealdAL

AW 9TV
01 AWO

ZHYTT

0438 01 0T

(@L1¥) enboreuy 4 A

"(An ppA)

Jojiuo pue (An 29A) Joluoly ‘(Bs) Jonuo ‘(gs) Jouuoln ‘(arers
paisanbal) Jonuoy ‘(jo Yo) Jonuo ‘(19) JouuolN ‘e|qeus 10d
S|auueyd [eulaiul 01 pale|ay "apis-ybiy 1oj MDA yum palred

‘Aejal uoieAnoeap JapuljAo 1o Aejal Jareay e axeiul :asn [ealdA |

YWw00Ss

apIs Mo

rendbig 4

‘(W yueq dooan) JolUO

pue (¥ Yueq Go2An) J0NUO ‘(¥ Mueq unl 1s8]-4|8s) J0NUo ‘(V
Mueq ssed 1s81-J|8s) J0UuoN ‘(v queq 10) Jonuol ‘(BS s|) J0NUON
‘(gs s|) Jonuo ‘(jo s|) Jouuoln ‘(Bs sy) JouuolN ‘(gs sy) J0NUoO
‘(pajgeus) Jo)uoly ‘(19) Jonuo ‘(W Mueq 1Nk} 320[2) JIOUUOIA

‘(W yueq 3Nk} wnsx3oayd) J0)UoA ‘(20 1S00Q) J0NUON ‘W queq
Jnej-19sal 1 0d ‘v queq X20]9 19sal 10d ‘9|qeus 1 0Qd S|jauueyd
[eulaiul 01 pale|ay "apIs-ybiy Joj TZ Yyum palred "y Jo1oalul jan4

VST

apIs Mo

(10108[un) renbig vz

(g yueq dooan) JolUO

pue (g ueq GooAN) J0NUOA ‘(g Mueq unl 1s81-4|8s) J0NUoN ‘(g
Mueq ssed 1s81-J|8S) JoUUON ‘(g Mueq 10) lonuol ‘(BS s|) J0NUO
‘(gs s|) Jouuo ‘(jo s|) JouuolN ‘(6s sy) Jouuol ‘(gs sy) J0NUO
‘(pajgeus) Joluoly ‘(19) Jonuo ‘(g Mueq 1Nk} 320[2) JIOUUOIA

‘(g yueq 3Nk} wnNs3o8y9) JolUolA ‘(20 1S00Q) JI0NUON ‘g Mqueq
Jnej-18sal 1 0d ‘g queq X20]9 18sal 1 0d ‘8|qeus 1 0d S|auueyd
[eulaiul 01 pale|ay "apis-ybiy 1oy GZ yum palred "€g Jo1oalul |an4

VST

apIs Mo

(10or08lun) renbig N4

"ZT/MA=CA ‘uonenba auyy asn ((A)
abeyjon renjoe 01 (WA) abe)jon painseaw 1USAUOD O] "UOISISAUOD
paubisun 1g-gT ainjesadwal pjojiuew 1sneyxs :asn [edldA ]

AW9 9T
0] AWQ

ZHYTT

0438 01 40T

(@Ly) anboreuy 0)74

S910N

abuey

181]14

Buipeo

N

o/

uonound|d| uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

32



Connector pinout

(g yueq dooan) JolUO

pue (g ueq Go29AN) J0NUOA ‘(g Mueq uni 1s8]-4|8s) J0NUoN ‘(g
ueq ssed 1581-J|8S) J0UUON ‘(g Mueq 10) Jonuol ‘(BS S|) J0NUON
‘(gs s|) Jonuo ‘(jo s|) Jouuoln ‘(Bs sy) Jouuol ‘(gs sy) J0NUO
‘(pajgeus) Joluoly ‘(19) Jonuo ‘(g Mueq 1Nk} 320[2) JIOUUOIA

‘(g yueq 3ney wnNs3o8y9) J0UOoA ‘(20 1S00Q) JI0NUON ‘g Mqueq
Jnej-18sal 1 O ‘g queq X20]9 19sal 1 0d ‘9|qeus 1 0d S|auueyd

[eulaiul 01 pare|ay ‘apIs-ybiy Jo) G7 yum palred ‘g Jo10aful |an4 VST apIs Mo o) (1o108lu) reubiq eG7
‘pafeasun

‘uoIsIaAu09 paubisun 1g-zT ainssaid [reJ |any :asn [ealdAL AS 01 AO ZHOT90T| ANSA 013007 [ anbojeuy 257
‘pajeasun

‘UoIsSIaAU0? paubisun 1g-zZT "ainjeiadwa) Jre ayelul :asn [ealdA ] AS 01 AO ZHTT| O43EA 01 iy [ anbojeuy 1SZ
‘pajeasun

‘uolsianu0d paubisun 1g-zT "ainssaid pjojiuew :asn [ealdAL AS 01 AO ZH6ZTT| 8338A 01300T | anboeuy 0SZ
MOONM

pue NV ‘NIV S|suueyd [euislul 0] pale|ay Y J0SUSS o0UuM NOT 01 AO ZHY0¢C aNSA 01 NT | 10SuU8S Xo0uy 6vZ
MOONM

pue NV ‘NIV S|suueyd [euialul 0] pale|ay ‘Y J0SUSS o0UuM AOT 0} AO ZHX0¢C aNSA 01 NT | 10SuUsS Xo0uM 8vZ
(Bs) JouoN pue (gs) JoNuoN ‘g
-093N dN NIV ‘9-093N VYN NIV S|duueyd [eulaiul 01 pale|ay

'9¥Z pue GEZ ‘VEZ ‘TY A (0s[e 33s ‘((abeyjon Junys) Jayidwe (dl exe)

1aund dwnd Jjo indul Buuaaul) g 093N 1o} waund Buidwng B/U B/U B/U 3dVv g Josuas 093N lvZ
(Bs) Jonuol\ pue (gs) Jonuo\ ‘g-093N 1N NIV ‘9-093N YN
NIV S|uueyd [eulsiul 01 paye|ay “/Z pue GEZ ‘¥€Z ‘TyA ‘0s[e
99S ‘Pa1oduUUOdSIP Y3| Bg Ued SIyl snuy} pue uid Ssiy) aAey Jou op

S910N abuey 19114 BuipeoT o/l uonound|d| uld

Z Aeg — 10192UU09 ulep

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

33



"PaleISUN ‘UOISISAUOD

(€2z pue

paubisun 1I0-ZT JusWaINSEaW JOSUas epque| v 093N AS 01 AO anboreuy _ zzz ‘117 ‘0tz ud) v-093N VN NIV
(093n) anboreuy
"pajeasun ‘uoISIaAU0d paubisun
1g-ZT "suoisianuod 1ndul anbojeue 1oj aouaiajal AQ AS 01 AO anboeuy | TUA NIV
‘pajeasun ‘uoISIaAU0d paubisun
1Q-ZT "SsuoIsiaAuod 1ndul anbojeue 1oj adualalal AG/'E AG 01 AO anbojeuy I %SG/ THA-HYA NIV
‘pajeasun ‘uoISIaAU0d paubisun
1g-ZT "SuUOISIaAU09 Indul anBojeue 10) 8duUaIalal AG'Z AS 01 AO anbojeuy I %05 TIA-HYA NIV
‘pajeasun ‘uoIsIaAu0d paubisun
1Q-ZT "suoisianuod Indul anbojeue 1o} adualajal AGZ'T AS 01 AO anbojeuy [ %S2Z TIA-HYA NIV
‘pajeasun ‘uoIsIaAu0d paubisun
1Q-ZT "suoisianuod Indul anbojeue 1o} adualajal AG AS 01 AO anbojeuy I HYA NIV
"ZxYA=CA ‘uonenba ay) asn
(®n) abeyjon remoe 01 (WA) abe)jon painseaw 1I8AU0D O
"uoISIaAU09 paubisun 11g-ZT “Jonuow Alddns A9'G reusalu] AOT 01 AO anboreuy | A9'G+ NIV
I T/TZ-YA=CA ‘uonenba ay1 asn (®A) abejjon [enioe
01 (WA) abeyjon painseaw LSAUOD O] "UOISISAU0I paubisun
Ug-gT "g Jaxadninw 0} paubissy “ionuow Ajddns AG [eusai ALT'9 0} AO anforeuy _ A0S+ NIV
‘pajeasun ‘UoISIaAU0D
paubisun 11q-ZT "92uaiajal uolisidaid AG'Z [eulaiu| AS 01 AO anboreuy [ NG 2+ NIV
"TT/9Ex“A=°A ‘uonenba a1 asn (®*A) abejjon [enjoe o} (“'A)
abe)jon painseaw 1BAU0D 0] Y Joxajdinnw o) paubissy
"uoISIaAU09 paubisun 1g-zT “Jouuow Alddns AGZT [euaiu| A9E'9T 01 AO anboeuy [ NS 2T+ NIV
anbojeuy
S910N abuey adA1 reubis ol [eubis

sreubis [euJaiu| ‘T°E a|qel

sreubis [eutalu| ¢ 181deyd

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

34



Internal signals

‘uondo pjing NO3 Yum s|qe|ieAy "Zx“A=°A ‘uonenba
ay1 asn (BA) abeyjon enioe 0] (WA) abejjon painseaw
119AU0D 0] "UOISIaAU09 paubisun 1g-ZT "Buissasoid

01 Joud indui [enualayip %o0uy 1o} [eulwia) sAebaN AOT 01 AO anbojeuy _ (6t wid) NIV
‘uondo pjing
ND3 yum ajgejreny zL“A=°A ‘uoirenba ays asn (°A) abejon
[enmoe 01 (WA) abejjon painsesw LIBAUOD O] "UOISISAUOD
paubisun 1g-zT ‘Buissadoid o1 Joud Indul [enualayip yooud AOT 01 AO anBoreuy _ (6177 pue gz uid) NIV
‘uondo p|ing ND3 Yum 3|qe|ieny “z“A="A ‘uonenba
ay1 asn (BA) abeyjon enioe 01 (W) abeyjon painseaw
1JSAUOD O] "UOISISAU09 paubisun 1g-zT "Buissasoid
01 Joud Indul [enuUSIBYIP 300U IO} [eUILID) DANISOd AOT 0} AO anBoreuy _ (8 uid) NIV
‘uondo pjing ND3 YiMm 3|qe|ieny “z“A="A ‘uoienba
ay1 asn (BA) abeyjon enioe 0] (W) abeyjona painseaw
1USAUOD 0] "UOISISAU02 paubisun 1g-zT "Buissasoid
01 Joud ndul [enuaIdyIp 300U 10} [euiwid) dneBaN AOT 0} AO anBoreuy _ (2GA uid) NIV
"uondo pjing
N3 yum ajgejieny "z, A="A ‘uonenba ay) asn (®A) abejjon
[enioe 0] (WA) abeyjon painsesw LIBAUOD O] "UOISISAUOD
paubisun 1g-zT Buissadoid 01 Joud Indul [enualayip yoouy| AOT 01 AO anBoreuy _ (ZSA pue TGA uid) NIV
‘uondo p|ing ND3 Yum 3|qe|ieny ‘z.“A="A ‘uoienba
ay1 asn (BA) abeyjon [enjoe 03 (WA) abeyjon painseaw
1SAUO0D 0] °UOISIdAUO09 paubisun 1g-zT "Buissasoid
0} Joud Indul [eNUIIBYIP 300U IO} [eUIWLIS) dANISOd AOT 03} AQ anBoreuy _ (TGA uid) NIV
(yoouy) anboeuy
‘pajeasun ‘UoISISAUOD (LvZ pue
paubisun 110-zT Juswainseaw losuss ainjesadwal g 093N AS 0} A\O anboreuy _ 9vZ 's€7 '‘vez ud) g-093N ¥N NIV
‘pajeasun ‘UoISIaAU0D (€zz pue
paubisun 119-zT Juswainseaw losuss ainjesadwal ¥ 093N AS 0} \O anBoreuy _ 22z '11Z '0TZ wd) v-093N ¥nN NIV
‘Pa[eISUN ‘UOISISAUOD (LvZ pue
paubisun )1g-ZT JuswaINseaw Josuss epquwel g4 093N AS 01 \O anBoreuy _ 97 'GeZ ‘vz uid) 9-093N vN NIV
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

35



Internal signals

"(2°0-N)«x0T=] ‘uonenba
ay1 asn () wauina arewixoidde ue 01 (/) abeljon 118AUOD
0] UoISIaAU0D paubisun 1ig-gT ‘apis-ybiy se painblyuos

sI indino [eubip 1sjIym pifeA ‘1ojuow uaiind indino reubig V8 01 V- anboreuy | (zy A wid) (2) Jonuon
"(2°0-N\)«x0T=] ‘uonenba
ay1 asn () wauina arewixoidde ue 01 (/) abeljon 118AUOD
0] "UoISIaAU02 paubisun 1g-ZT "opIs-ybiy se painbiuod
s1Indino [eyBip 1s|iym pifea ‘Jonuow Jud.nd indino renbiq V8 01 VZ- anbojeuy _ (0gA uid) (9) Jonuon
Indul [euds "gg0'0+(SxA)=I
‘uonenba ay) asn (]) wuaund 01 () abelon 11BAUOD O]
"UOISIaAU0I paubisun 1g-ZT "J0luow 1ualind Indino reubig| v9T10'SZ 01 VZzZ0'0 anboreuy | (TA uid) (9) Jonuony
"(2'0-N)«0T=I ‘uonenbas
ay1 asn () wauna arewixoidde ue 01 () abeljon 1IBAUOD
0] "UoISIaAU09 paubisun 1g-ZT "apis-ybiy se painbiuod
sIndino [enbip 1sjiym pifeA ‘Jojuow Juaund ndino [enbig V8Y 01 VZ- anBoreuy _ (rIAX uid) (2) Jonuop
"(2°0-N)x0T=| ‘uonenba
ay1 asn (1) waung arewixoidde ue 01 (A) abeljon 1IBAUOD
0] "UoISIaAU09 paubisun 1g-ZT "apis-ybiy se painbiuod
sIndino [enbip 1sjiym pifeA ‘Jojuow juaund ndino [enbig V8Y 01 VZ- anBoreuy _ (71X uid) (9) Joyuon
Joyuow jualind
‘indul reuss uq Jad
sh 1°0 Jo uonnjosay "Alddns Jamod 1s00q ay) bBuibreyoal si
1IN2.12 1500 8y} 3|Iym Jajunod e Buipiaoid indul eyep eubiq SNG'€GG9 01 SNQ elep [eubig | (gz pue 17z uid) (swn abueysal) JI0UUON
‘indul felas "uq Jad sn T'Q JO UONNjOSaY "peal
1se| 9auls Ajddns 1amod 1s00q ay) abreydzal 01 X001 INJIID (gZ pue
1S00Q ay1 awin wnwixew ayl buipinoid indui erep [eubiq SNG'£GG9 01 SNQ erep eubig | TZ uid) (swn abreydal xew) J0JUON
"6S/PETT+YA=CA ‘uoirenba ayi asn (°A) abeljon
renioe o1 (WA) abejjon painseaw 1I8AUOD O] "UOISISAUOD
paubisun 11g-ZT "Jonuow abeyjon A|ddns 1s00g [eulaiu| AT 96 01 AO anboreuy | abe)jon-1s00q NIV
1soog
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

J OPEN LS
Www.pi-innovo.com

36



Internal signals

'SPU02aSI||iw O Alana parepdn preoqiaiybnep .1 NIS
pue abplg-H, ayi yum s|ge|ieny apis-ybiy se painbiuod
sI uid abplig-H 1S|Iym pifeA ‘lonuow juannd indino [eubig

V81 01Vv¢-

anboreuy

(74x ud) (9) JouuoN

"(2'0-N\)x0T=| ‘uonenba ayy asn (]) JuaLnd ayewixoidde
ue 03 (A) 9b.)OA LUBAUOD O] "UOISISAUOD paubisun 11g-2T
'SPU02asI||iw O Alans parepdn preoquarybnep I N3IS
pue abplg-H, 8y} yum sjge|ieny apis-ybiy se painbiyuod
sI uid abplg-H 1S|Iym pifeA ‘lonuow juannd indino [eubig

Vv8r 01Vv¢-

anboreuy

(z4x ud) (o) JouuoN

(2'0-N\)x0T=| ‘uonenba ayy asn (]) JuaLnd ayewixoidde
ue 01 (A) 96®)OA LUBAUOD O] "UOISIBAUOD paubisun 11g-2T
‘SpU02asI||iw O Alans parepdn ‘preoqiaiybnep . IN3IS
pue abplg-H, 8y} yum a|ge|ieny apis-ybiy se painbiuod
sI uid abplig-H 1S|Iym pifeA ‘lonuow juannd indino [eubig

V81 01 V¢-

anboeuy

(73X wid) (0) Jonuon

(2'0-N\)x0T=| ‘uonenba ayy asn (]) Juaind ayewixoidde
ue 03 (A) 9.1 OA LUBAUOD O] "UOISIBAUOD paubisun 1g-2T
"'Spu02asl|jiw O Alana parepdn ‘preoglaiybnep .1 N3IS
pue abplg-H, 8y} yum ajge|ieny apis-ybly se painbiyuod
sI uid abplig-H 1S|Iym pifeA ‘lojuow juannd indino [eubig

Vv8r 01 Vv¢-

anboeuy

(z3x uid) (0) Jonuon

‘(Z'0-N\)x0T=| ‘uonenba ayy asn (]) Juaind ayewixoidde
ue 01 (A) 9. OA UBAUOD O] "UOISIBAUOD paubisun 1g-2T
"'Spuo2asl|jiw O Alana parepdn “preoglaybnep .1 N3IS
pue abplg-H, ayl yum ajqejieay "apis-ybiy se painbyuod
sI uid abplig-H 1S|Iym pifeA ‘lojuow juannd indino [eubig

V8Y¥ 01 v¢-

anboeuy

(rox uid) (9) Jonuoy

‘(2'0-N\)«x0T=| ‘uonenba ay) asn (]) JuaLnd ayewixoidde
ue 031 (A) 8be)OA LUBAUOID O] "UOISIBAUOD paubisun 1g-2T
"'Spu02asl|jiw O Alans parepdn “preoglaybnep .1 N3IS
pue abpug-H, 8yl yum ajqejieay "apis-ybiy se painbyuod
S| uid abplig-H 1S|Iym pifeA ‘lojiuow juannd indino [eubig

V8Y 01V¢-

anboleuy

(rax uid) (9) Jonuo

(uondo pjing) Jo0l1UOW 1USIIND

‘ndul [enss 220 0+(G«A)=l
‘uoirenba ay1 asn (]) 1ua1no 01 (A) abeyoA LIBAUOD 0]
"U0ISIaAU09 paubisun 1g-ZT "loluow jualing indino renbiq

V9T0'G¢ 01 v¢c0'0

anboreuy

(GA uid) (o) J0nuUON

S310N

abuey

adA1 reubis

o/l

eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

J OPEN LS
Www.pi-innovo.com

37



Internal signals

‘049z speal indul [eubip
1 aanae si dul-uaun)d “du-uaning Buneosipul indul [eubIg

T100

renbia

(7INX pue 71X uid) (10) Jonuon

‘049z speal indul [eubip
1l aanae si dul-uanun)d ~du-uaning Buneosipul indul [euBIa

T100

[enbig

(71X uid) (10) JonUON

‘049z speal indul [enbip
JI dAnoe si duj-uanungd “du-luanina Buneoipul indul [eubIg

T100

[enbig

(11X wid) (10) J0NUON

‘049z speal indul [enbip
JI dAnoe si duj-uanun)d “du-uaning Buneosipul indul [eubig

T100

[enbig

(8A pue z2yix uid) (39) Jonuow

‘0laz speal indui reubip
J aAnoe si dui-luann)d dul-lualing Buneoipul indul [eubiq

T100

[enbia

(8z pue zrx uid) (19) Jouuo

‘019z speal 1ndul [eubip
1 aanae si dul-uaun)d “dig-luaning Buneoipul indui feubig

T100

[enbig

(¥TZ pue zHx uid) (19) JonuoN

‘019z speal Indul [eubip
1 aanae si dul-juaun)d “dug-luaning Buneaipul indui feubig

Ti00

[enbig

(zox uid) (30) Jonuow

‘049z speal indul [eubip
1 aanae si dul-juaun)d “dui-luaning Buneaipul indui [eubig

T100

[enbig

(Tax wid) (39) Jonuon

Joluow din-uaain)d

(2'0-N\)x0T=I ‘uonenba ay) asn (]) Wwaind arewixoidde
ue 031 (A) 9bB)OA LUBAUOI O] "UOISIBAUOD paubisun 1g-2T
"'Spu02asl|jiw O Alans parepdn ‘preoglaiybnep ,1N3IS
pue abplg-H, 8y} yum a|ge|ieny apis-ybiy se painbiyuod
sI uid abplig-H 1S|Iym pifeA ‘lonuow juannd indino [eubig

Vv8r 01Vv¢-

anboeuy

(XX uid) (9) Jonuop

'(2'0-N\)x0T=I ‘uonenba ay} asn (|) Wwa1n9 arewixoidde
ue 03 (A) 9.1 OA LUBAUOD O] "UOISIBAUOD paubisun 1g-2T
"'Spu0%asl|jiw O Alana parepdn ‘preoglaybnep .1 N3IS
pue abplg-H, 8yl yum ajge|ieny apis-ybly se painbiuod
sI uid abplig-H 1S|Iym pifeA ‘lojuow juannd indino [eubig

Vv8Y 01 V¢-

anboleuy

(rx wid) (2) Jonuo

"(2'0-N\)x0T=I ‘uonenba ay} asn () Wwain9 arewixoidde
ue 03 (A) 9be)OA UBAUOD O] "UOISIBAUOD paubisun 1g-2T

S310N

abuey

adA1 reubis

o/l

eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

J OPEN LS
Www.pi-innovo.com

38



Internal signals

‘049z speal indui [eubip

) 8Anae si duy-uaund “dui-uaund Bunesipul indul [enbig Tl00Q [enbig _ (G A uid) (30) Jonuo
‘049z speal indul [eubip

)1 9Anoe si duy-uaund “dui-uaund Bunesipul indul [enbig Tl00Q [enbig _ (A uid) (30) JonuoN
‘049z speal Indul [enbip

Jl dAnoe si dul-uanun)d “du-uaning Buneosipul indul [eubIg Tl00 reubig | (T A wid) (30) Jonuon
‘0laz speal indui reubip

J anAnoe si dur-luann) dul-ualing Buneoipul indul [eubiqg TI0Q renbiq I (ovA uid) (30) Jonuopy
‘019z speal 1ndul [eubip

) 9Ande si dul-uaung du-uaund Bunesipur indul fenbig TI00 renbig _ (6EA uid) (30) JouuoN
‘019z speal Indul [eubip

J1 8Anoe si du-usung “dul-uaund Buesipur indur eubig T100 renbig _ (8eA uid) (30) JoHUON
‘049z speal indul [eubip

1 aAnoe si du-uaung “dui-uanund Buneoipul indui fenbig TIi00 renbia _ (LEA uid) (30) JonuON
‘049z speal indui [eubip

1 aAnoe si dui-uaung “dui-uanund Buneoipul indul fenbig Ti00 renbia _ (2 A pue ogA uid) (30) JoyuoN
‘049z speal indul [eubip

) 9Anae si duy-uaund “dui-uaund Bunesipul indul [enbig Tl00Q [enbig _ (62ZA uid) (30) Jonuo
‘049z speal indui [eubip

)1 9Anae si duy-uaund “dui-uaund Bunesipul indul [eubig Tl00Q [enbig _ (82ZA uid) (30) Jonuo
‘049z speal Indul [enbip

JI dAnoe si duj-uanun)d “du-uaning Buneosipul indul [eubIg Tl00 reubig | (8T A uid) (30) Jonuon
‘0laz speal indui eubip

J anAnoe si dur-luann) dul-ualing Buneoipul indul [eubiq TI0Q renbiq I (TA uid) (39) Jonuow
‘019z speal 1ndul [eubip

) 9aAnde si dul-uaung du-usund Bunesipur indul fenbig TI00 renbiq _ (ENX pue gAX uid) (10) J0nuoN
‘019z speal Indul [eubip

J1 8Anoe si du-usung “dul-uaund buiesipur indur eubiq T100 [enbig _ (Tx uid) (30) Jonuow

S910N abuey adA1 reubis oll [eubis

J OPEN LS
Www.pi-innovo.com

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

39



Internal signals

‘049z speal indul [eubip

)1 8Anae si duy-uaund “dui-uaund Bunesipul indul [eubig Tl00Q [enbig _ (6€Z ud) (30) Jonuon
‘049z speal Indul [enbip

Jl dAnoe si dul-uanun)d “du-uaning Buneosipul indul [eubIg Tl00 reubig | (8ez uid) (39) 10uUON
‘0laz speal indui reubip

J anAnoe si dur-luann) dul-ualing Buneoipul indul [eubiq TI0Q renbiq I (2£Zz uid) (39) Jonuow
‘019z speal 1ndul [eubip

) 9Ande si dul-uaung du-uaund Bunesipur indul fenbig TI00 renbig _ (9gz uid) (10) Jonuon
‘019z speal Indul [eubip

J1 8Anoe si du-usung “dul-uaund Buesipur indur eubig T100 renbig _ (TeZ wid) (30) Joyuon
‘1ndul relds ‘uondo arempirey
J10103[ul Buneinyes uo sjgejrene AjuQ T speal Indui [eubip

1 aAnoe si du-uaung “dui-uanund Buneoipul indui fenbig TIi00 renbia _ (2¢trZ pue ogz uid) (1) Joyuo
‘049z speal indui [eubip

1 aAnoe si dui-uaung “dui-uanund Buneoipul indul fenbig Ti00 renbia _ (Gz pue 17 uid) (30) Joyuo
ndul relas ‘uondo arempiey
J10103lul Bunreinyes uo sjgejrene AluQ T speal Indui [eubip

11 8Anoe si dui-uaung “dui-uanund Buneoipul indui enbig TIi00 [enbig _ (62z pue 217 ud) (30) J0NUOWN
‘049z speal indui [eubip

)1 9Anae si duy-uaund “dui-uaund Bunesipul indul [eubig Tl00Q [enbig _ (9A uid) (30) Jonuoy
‘049z speal Indul [enbip

JI dAnoe si duj-uanun)d “du-uaning Buneosipul indul [eubIg Tl00 reubig | (eGA uid) (30) Jonuon
‘0laz speal indui eubip

J anAnoe si dur-luann) dul-ualing Buneoipul indul [eubiq TI0Q renbiq I (0GA uid) (30) Jonuony
‘019z speal 1ndul [eubip

J 8Anoe si dui-uaung dui-uanund Bunesipur indui fenbig TIi00 renbia _ (GA uid) (39) Jonuo
‘019z speal Indul [eubip

J1 8Anoe si du-usung “dul-uaund buiesipur indur eubiq T100 [enbig _ (677A uid) (30) JoHUON

S910N abuey adA1 reubis oll [eubis

J OPEN LS
Www.pi-innovo.com

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

40



Internal signals

‘apowl
SHA Ul 019Z 0] 18S "Selq 9|geua 0} apoW 10949 |[eH Ul auo (EEA pue
01 13s ‘selq indul 3|gesip 0} 8powl 10848 |[eH Ul 019Z 0} 195 TIi00 [enbig o] ZEA uld) seiq 108y9-|[eH 193[9s 1Od
‘9|gesIp 0} Mo| (eGz pue TvZ
‘a|qeus 0} Yybiy 18s g 3ueq Jo3ds(ul ajqeus 0} Indino [enbig Tl00Q ewbia; o ‘627 ‘L1Z 'SZ ‘€SA uid) sjgeus 104
"8|esIp 01 MO| (cvz pue
‘a|qeus 01 ybiy 18S "V yueq Jo1aalul ajgqeus o1 Indino [eubig TI0Q renbiq o) 0£Z ‘8TZ ‘97 ‘1Z ‘STA uid) sjqeus 10Q
‘1ndino jeuas ‘gz A uid ‘indino
9p09 ysey} 8y} a|gesIp ||IM SISALP apIs-Mmo| 8y Buljgesip yeys (evz pue 67 '8€7 '1€7 '9€Z
90N "8|greus 01 YBIY 18S ‘SIaALIP apIS-MO| 18Sal pue a|qesip ‘TEZ '1Z '8ZA ‘LTA ‘'9OTA ‘€TA ‘OTA ‘LA
01 MO| 18S "SI9AlP apIs-Mo] 8y} Buljjonuod ndino enbia Tl00 renbia o} ‘€IX ‘21X ‘Pax ‘Tax uid) sjgeus 104
"9|gesIp 01 Mo| pue pjoy J1amod ajgeus 01 ybiy
189S "Indui (asuas uoniubi) uonisod Asx ayr yum uonounluod
ur NO3 o3 Alddns Jamod ayy Buljjo;uod indino [enbiq T100 ewbia;, o (G2A uid) ploy-nsd-ajqeus 10A
[enbiag
ndul
[elaS )Nk} 1N2JI9 UoYS alaAas e Buneaipul 1ndui [eubig TloQ reubig | (SA uid) (3IN2412 11OYS 219A3S) JONUO
ndul
[elaS )Nk} 1IN2JI9 LoYS a1aAas e Buneaipul 1ndul [eubig Tl0Q reubig | (TA uid) (3IN2412 1JOYS 219A3S) JIONUO
ndul (SA
[elas "palindd0 19sal uo-lamod ue Buneaipul Indul eubig Tl00 reubig | pue TA uid) (19sai uo-1amod) 1ojuo
ansoubeiqg
‘Indul [euas ‘uondo aremplrey
J10193[ul Buneinyes uo s|ge|reAe AjuQ 'T speas Indul [eubip
J anAnoe si dui-luasn) dul-lualing Buneoipul indul [eubiq TI0Q renbiq I (8TZ pue gz uid) (39) J01UONN
‘019z speal 1ndul [eubip
) 9aAnde si dul-uaung du-usund Bunesipur indul fenbig TI00 renbiq _ (evz wd) (10) Jonuon
‘1ndul relas ‘uondo arempirey
J10103lul Buneinyes uo sjgejrene AjuQ T speal Indui [eubip
J1 8Anoe si du-usung “dul-uaund buiesipur indur eubiq T100 [enbig _ (€57 pue TiZ uid) (39) J0HUON
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

41



Internal signals

"8|qeua 0] MO| ‘UuoISSIWSuURl) 3|qesip

01 ybiy 13S "uoissiwsuen Ny Buljjonuod indino [enbig Ti00 renbia o) (GEA pue 9gA uid) NvO-3|gesip 10d
"3]qeus 01 MO| ‘UoISSIWSuRI] a|qesip
01 ybiy 18S "uoissiwsues N9 Buljjonuod ndino [endbig Tl00Q ewbial o (€ZA pue yZA uid) NvO-3jgesip 10d
'9|qeus 01 MO| ‘UoIssIwsuR] ajqesip
01 ybiy 18S "uoissiwsues Ny Buljjonuod ndino fenbia Tl00Q ewbial o (TTA pue gTA uid) NvO-3jgesip 10d
(NVO) [enbia
‘Indul feuas ‘moj| sem uid 18sai I ybiH ‘sindino (LZ pue /TA ‘9TA ‘€TA
J0 19sqns ® JoJ snjels 19sal ay) Bulloyuow ndul eubiq TIi00 [enbiq I ‘OTA ‘LA ‘21X ‘vax uid) (19sal) 101Uy
‘indul reuas “(ybiy aAnde) pPalind0 (LZ pue /TA ‘9TA ‘€TA ‘OTA ‘LA
sey uonesiuoiyouAs aseyd reys Bunesipul 1ndul peubiq TloQ reubig | ‘21X ‘yax uid) (paouAs aseyd) Jonuop
‘(mo] @An9R) palInd2o0 sey
sindino apis-yBiy sy yum yney e 4 Buiesipul indul feubig T100 renbig _ (GA pue TA uid) (3ney ou) Jonuon
"(mo| aAnoe) abpug-H 8yl yum jjney e Buiesipul indur feubig Tl0Q renbig _ (EWX pue zNX uid) (3ney ou) JoNuoN
“(moj (LZ pue LTA ‘9TA ‘€TA
aAnoe) JaAup INdino ay1 yum Jjney e Bueaipur indul enbiq Tl00 renbig _ ‘OTA ‘LA ‘27X ‘vax uid) (3ney) Jonuon
"(mo| aAnoe) spow (SA
ajes-|re} ul are sndino apis-ybiy ayy ji Buiyesipur indul enbiq Tl00Q [enbig _ pue TA ud) (pajqesip ayes-|iej) JOHUOWN
‘ndul eas 'mo| sem uid ajqeua Ji ybiH ‘sindino (LZ pue /TA ‘9TA ‘€TA ‘OTA
J0 19sqns e Joj snyels pajqeus ayy Huuoyuow ndul enbiq TIi00 [enbig _ ‘LA '2IX 'vax uid) (psjqeus) JoyuoN
‘(mo] aAnoe) g-NvD pue (EZA pue YZA 'TTA
V-NVD JO 110 10 8U0 yum Jolid ue Buieaipur indul [eybia T100 renbiq _ ‘ZTA uid) (nej ou g+v NvO) J0NUOW
"92IA8p JOSUSS XI0UM TTO6dIH umouxun _ (2SA pue TGA ‘677 ‘877z uid) YOONM
"9SI1U0IYouAs 01 ybiy 01 Mo woly asind (LZ pue /TA ‘9TA ‘€TA ‘OTA
'sindino NG 10 18sqns e asiuoayduAs o] Indino eiubiq TloQ reubig o) ‘IA‘2IX ‘pax uid) aseyd-ouhs 10a
"uondo pjing 8y uo
Buipuadap SYA 10 1081a-|[eH Jol pasiwndo aq |jIm aremprey
09 8YL "8pow SHA 108|8S 0] MO] 18S ‘8powl 10848-|[leH (eeA
109|8s 01 ybiy 18S adAl Josuas yueld 199]9s 01 Indino [eubig TloQ reubig o) pue zeA uid) 108y8-|leH 199[8s 10d
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

42



Internal signals

"apis-ybiy sreanoe o1 yby ‘spis

-MO| 31eAIOE 0} MO| 195 "abplg-jiey Buijjonuod indino fenbig Tl00Q ewbial o (rIAX uid) sy-109)8s 104
"apis-ybiy sreAnoe o1 yby ‘spis
-MO| 3JeAioE 0} MO| 19S “abiplg-jiey Buijjonuod indino fenbiag Tl00Q ewbial o (771X wid) sy-108j8s 10A
abpug-jrey renbiq
‘1o 1 winy 01 ybiy ‘Alddns ayj uo uin] 01
Mmo| 18s "youms Ajddns Josuas aus Buyjjonuod indino reybia Ti00 rewbial o (8A pue 2>ix uid) sjqesip 1L0a
"o 11 winy 01 ybiy ‘Alddns ay; uo uin} 01
Mo 135S "yams Ajddns Josuas ay Buijjouod ndino enbig Tl00 ewbia;, o (8z pue grx uid) ajgesip 10d
‘1o 1 uiny 01 ybiy ‘Aiddns ay1 uo uin 01
Mo| 33S "youms Ajddns Josuss sy} buijjonuod indino fenbia Ti00 ewbial o (y1Z pue gHX uid) sjqesip LOa
‘140 1 win} 01 ybiy ‘Alddns ay) uo uiny 0}
Mo 135 "youms Ajddns Josuas ays buljjonuod indino [eubiq Tl0Q ewbial o (2ox uid) s|gesip 104Q
(Aiddns 1osuas) e1big
1ndino euas ‘sindino apis ybiy
a1 a|geus 0} ybiy 189S "a1els }nejap ayl 0] 2IA3P Y} 19sal
0] ‘JJO papueWWOI ale sapIs-ybiy Yloq ajiym ‘S GZE 1ses|
Je 10} Mo 39S “sindino apis-ybiy ay Buijjonuod ndino fenbia Tl00Q ewbial o (GA pue TA uid) 18881 10A
(19sal) renbiqg
‘sio1uow anisoubelp payodal Jeajd 01 sW GZE
1Se9| Je 10} MO| 18S "Jo uin} 0] Mo 18s ‘Alddns uo uiny 01 ybiy
189S 'y2ums Addns Jorenioe ayy Buljjonuod indino enbig Tl00 reubig o) (saud) 100
‘sionuow anisoubelp payodal Jeajd 01 sW GZE
1Se9| 1e 10} MO| 18S "JO uiny 01 Mo 18s ‘Alddns uo uiny 01 ybiy
189S "youms Ajddns Jorenioe ay; Buijosuod indino jeubiq TI0Q renbiq o) (tTAuwd) 100
(Aiddns J1orenioe) e1biq
‘9|qeus 01 MO| ‘UoISSIwSURI] d|qesip
0} yb1y 39S "uoissiwsues NyO Buljjoauod ndino [exbia T100 ewbia;, o (LA pue gy A uid) NvO-3jgesip 10d
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

43



Internal signals

‘indui reuds ‘uid indino

renbip sy jo arels paisanbal ayy Buiresipul Indul [enbig Ti00 renbia _ (8eZ uid) (sre1s paisanbal) Jonuopy
‘1ndul rewds ‘uid indino

renbip sy jo arels paisanbal ayy Buirealpul Indul [enbig TIi00 [enbig _ (2€Z wid) (sress paisanbal) JonuoW
‘1ndul rewas ‘uid indino

renbip sy jo arels paisanbal ayy Buiredlpul Indul [enbig TIi00 [enbig _ (9€Z uid) (aress paisanbal) JouoW
‘1ndul rewas ‘uid ndino

[eubip ayy Jo arels paysanbal ayy Buneaipul induil [eUBIA Tl00 reubig | (Tez uid) (a1e1s paisanbai) Jo1uoN
‘indui jeuas "uid indino

reubip ays Jo a1e1s palsanbal ayy Bunesipul Indul reubig TI0Q renbiq I (SA uid) (ere1s palsanbal) Jonuop
‘1ndul reuds ‘uid indino

renBip ays jo aress parsanbal ayy Huneoipur indui enbig TI00 renbig _ (8ZA uid) (sre1s paisanbai) Jonuo
‘indui reuas ‘uid indino

[enbip sy Jo arels paisanbal ayy Buiesipul Indu [enbig TIi00 [enbig _ (TA uid) (s1e18 parsanbal) JoNUON
‘indul reuds ‘uid indino

renbip sy Jo arels paisanbal ayy Buiesipul Indul [enbig TIi00 renbia _ (€71x uid) (srers parsanbai) Jonuon
‘1ndui rewds ‘uid indino

renbip sy jo arels paisanbal ayy Buresipul Indul [enbig Ti00 renbia _ (Tax uid) (srers paysanbai) Jojuo

Jolluow 1sanbal e1ubIg

(esz pue 1vZ ‘622

‘Indul [elas "s|qeus Joyuow [enbig Tl00Q [enbig _ ‘/TZ 'GZ '€SA uid) (pajqeus) JoNuo

(z¢vz pue 07 '8TZ

‘Indul felss s|qeus Joyuow fenbig Tl100 [enbig _ ‘97 '1Z '8TA uid) (p3|qeus) JoHuoN

Joliuow [eubig
‘apis-ybiy ayeAnoe o1 ybiy ‘epis

-MO| 3YeAlo® 0} MO| 185 “abplg-jey Huljjonuod ndino fenbia Tl00Q ewbial o (zvA ud) sy-108518s 104
‘apis-ybiy ayeAnoe o1 ybiy ‘spis

-MO| 3YeAloe 0} MO 185 “abplg-jiey Buljjosuod ndino fenbia Tl00Q ewbial o (oA ud) sy-10958s 104

S910N abuey adA1 reubis oll [eubis

J OPEN LS
Www.pi-innovo.com

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

44



Internal signals

‘1ndino [euas 18sal 01 ybiy 01 Moj wol) asind

(8TA pue g7 ‘'0£Z ‘817 '9Z

"V 3ueq Uo }ney %20|9 Jo sso| ays Buljjonuod indino [eubiq TloQ [enbig 0 ‘TZ '8TA uld) v >ueq »20J2 18sal 10d

Joliuow 1031939(u|
‘uid indino

[enbip ays jo Inoineysq femoe Huiodal indur Joyuow fenbig Tl00Q [enbig _ (0SA uid) (p) JonuoN
‘indul euss ‘uid

indino [eubip ayy Jo arels [enoe ayy Buneaipul induil [UBIA Tl00 reubig | (SA uid) (p) Jonuon
‘uid 1ndino

renbip ays jo Inoineyaq renjoe Buniodal indur Jonuow feubig TI0Q renbiq I (677 A wid) (p) Jonuony
‘uid indino

[enbip ay1 Jo Inoireysq remae Bunodal indul Joyuow fenbig Tl00Q renbia _ (GA ud) (p) JonuoN
‘uid 1ndino

[enbip ay1 Jo inoireysq remae Buiodal indul Joyuow fenbig Tl00Q renbia _ (A ud) (p) JonuoN
‘uid indino

[enbip ay1 Jo Inoireysq remae Huiodal indul Joyuow fenbig Tl0Q renbig _ (oA uid) (p) Jonuopy
‘uid indino

[enbip ay1 jo Inoireysq femae Huiodal indul Joyuow fenbig TloQ renbig _ (6€A uid) (p) Jonuopy
‘uid indino

[enbip ay1 jo Inoireysq remae Huiodal indul Joyuow fenbig Tl00Q [enbig _ (8€A uid) (p) Jonuop
‘uid indino

[enbip ays jo Inoineysq femoe Huniodal indur Joyuow fenbig Tl00Q [enbig _ (LEA uid) (p) Jonuo\
‘indul euss ‘uid

indino [eubip ayy Jo arels [enoe ayy Buneaipul induil [eUBIA Tl00 reubig | (TA uid) (p) Jonuon

lojiuow aleis eubig
‘indul reuds ‘uid indino

renBip ays jo aress paisanbal sy Huneoipur indui enbig TI00 renbiq _ (ez wd) (eress paisanbai) Jonuon
‘indui reuas ‘uid indino

[enbip sy Jo arels paisanbal ayy Buieoipul Indur [enbig TIi00 [enbig _ (6€Z uid) (are1s paysanbal) J0HUOW

S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

J OPEN LS
Www.pi-innovo.com

45



Internal signals

ndul [elas "y queq uo

(8TA pue g7 ‘0£Z ‘817 ‘9Z

loyenBai A/ uo ne} abejjoa-1apun Bunedipul iIndul [eubig Tl0Q reubig | ‘TZ ‘STA uid) (v yueq dooan) Joluon

‘Indul [reuss *g Mueq uo (egz pue T¥7 '62Z 'LTZ

loyenBail AG uo Jne} abejjoa-1apun Buneaipul Indul [eubig Tl00 reubig | ‘GZ ‘€GA uid) (g yueq Ga9AN) JONUOW

‘indul [euss 'y yueq uo (8TA pue zvZ '0€Z ‘8TZ '9Z

loyenBal AG uo jne} abejjoa-1apun Bunedipul Indul [eubig Tl00 reubig | ‘TZ ‘STA uid) (¥ yueq G22AN) J0JUOW

‘ndul enss "g yueq uo Ajjnjssaaons (egz pue TvZ ‘627 ‘L1Z ‘'SZ

unJ sem 1sa] -J|as-uj-1jing Buneaipur indui [eubiq TI0Q renbiq I ‘eg A uid) (g ueq uni 1S8)-4|9S) J0JIUON

‘Indul [elds "y queq uo Ajnjssadons (8TA pue z¥Z ‘07 ‘817 '9Z '1Z

unJ sem 1sa | -J|9s-ul-jing Buireaipur indul [enbig TIi00 renbia _ ‘ST A uid) (v 3ueq uni 1s8)-4|as) JONUON

‘ndui feuss (eGZ pue T¥Z '62Z ‘LT1Z 'SZ '€SA

"g Yueq uo passed 1s8 | -4[9S-ul-}ing Buireaipur indur enbiq T100 renbig _ uid) (g 3ueq ssed 1s8)-§|8s) JOUUO

‘Indui reuss (8TA pue 2tZ ‘0£Z ‘'8TZ '9Z 'TZ 'STA

"V ueq uo passed 1s8 ] -J|9s-ul-ijing Buireaipul indui fenbig Tl0Q renbig _ uid) (v yueq ssed 1sa)-J|as) JONUOWN

‘Indul [enas g yueq (eGz pue 1vZ ‘627 ‘117 'GZ

U0 X20]2 92dualajal uoisioald jo ssoj Buneaipul indui [eubIg TloQ reubig | ‘eGA uid) (g »ueq 1ney} %20|2) JI0UUOA

ndul [euss v yueq (8TA pue 2¥7 '0€Z '81Z '9Z ‘1Z

uo X20]2 adualajal uoisioald jo sso| Buneaipul indui [euBIA Tl0Q reubig | ‘8T A uid) (v »ueq 1nej} %20|2) JI0UUOA

‘Indul [elss "s|qesesd Jou S| (eGz pue TvZ ‘'62Z ‘LTZ ‘GZ ‘€SA

}ney SiyL g Xueq uo jney wnsxoayd Bupesipul indul enbiag Tl00Q [enbig _ uid) (g xueq }ne} wnsxoayd) JoHUOWN

‘Indul [euss "8|qeses|d 10U Si (8TA pue 2tZ ‘0€Z '8TZ '9Z 'TZ 'S8TA

Jney} Siyl 'V Mqueq uo jnej wnsxoayd Buneaipul indul [eubiq Tl00 reubig | uid) (¥ yueq ynej wns3oayo) J0UUOA
"Indino [euas 18sal 01 ybiy 01 Moj

w0} 9s|nd "V ueq uo sayale| }jnk} JUalindIaA0 1S00q pue (€GZ pue TvZ '62Z ‘L1Z

‘punoib-o1-1oys ‘Alaneq-ol-1loys |re 19sal 01 Indino [eubiq TI0Q renbiq o) ‘GZ ‘€GA uid) g yueq jnej-18sal 104
"Indino [euas 18sal 01 ybiy 01 Moj

W04} 8S|nd "V Yueq uo saydle| }jnkj JUaLiNdIdA0 1S00( pue (8TA pue zvZ '0€Z ‘817 '9Z

‘punoib-o1-1oys ‘A1eneg-ol-1oys |fe 19sal o0} Indino [enbiqg Tl00 renbia o) ‘TZ '8TA uid) v 3ueq yney-1esal 10Q

‘Indino [euas "18sal 01 ybiy 01 moj woly as|nd (egz pue 1vZ ‘627 ‘L1Z

"g Jueg uo 3ney %20(0 Jo ssof ay) Buljjonuod indino renbia Tl00 renbia o) ‘GZ ‘€S A uid) g xueq x000 19881 10Q

S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

46



Internal signals

‘indul
[euas -jney (Yo a1eb) peoj-uado ue Bunesipur Indui renbiq TIi00 renbig | (21X wid) (jo yo) Joyuo
‘indul
[eLas ney (3o ayeh) peoj-uado ue Bunealpul indul [eybiq T100 reubiq _ (rax uid) (jo yo) Joyuon
‘indui
[eLas ney (o ayeh) peoj-uado ue Buneaipul indul [eybiq T100 reubiaq _ (Tax uid) (jo yo) Jonuon
‘Indul [elas "peoj-uado apis-moj Buireaipu indul [enbIg Tl0Q renbig _ (97 uid) (jo sy) Joyuo
‘Indul [elas "peoj-uado apis-moj Buireaipui indul [enbig TloQ renbig _ (egz uid) (jo sj) Joyuo
‘Indul [elas "peoj-uado apis-moj Buireaipur indul [eNbig Tl00Q [enbig _ (¢vz wid) (jo s|) Jonuon
‘Indul [elas "peoj-uado apis-moj Buireaipul indul [eNbig Tl00Q [enbig _ (T wid) (jo s|) Jonuon
‘Indul [elas ‘peoj-uado apis-mo| Buneaipul Indul eubig Tl00 reubig | (ogz uid) (jo s|) Jonuon
‘Indul [euas ‘peoj-uado apis-mo| Buneaipul indui [eubiq TI0Q renbiq I (62z wid) (jo s|) Jonuow
‘Indul reuas “peoj-uado apis-mo| Buieaipul indul [eybiq T100 reubiq _ (8TZ uid) (jo s|) JonuoN
Indul feuas “peoj-uado apis-mo| Buneaipul indul [eybiq T100 reubiaq _ (217 wid) (jo s]) J0HUON
‘Indul [elas "peoj-uado apis-moj Buireaipu indul [eNbIg Tl0Q renbig _ (€GA uid) (jo s|) JonUON
‘Indul [elas "peoj-uado apis-moj Buireaipul indul [enbig TloQ renbig _ (8TA uid) (jo s|) JoNUON
loluow peoj-uado
*1S8) WNSY}23y2 e pajie} Alowaw erep s,a|npow
Nd1a ay sawn Jo Jagwnu Buipiaoid Ja1unod Buneinyes GEGG9 01 0 elep reubig | (wns)28y2-|NAdS 24) JoUUON
‘Alowaw apod pateys ay) Uo suone|nded JSIIA sale|dwod
a|Npow Nd19 ayl sawn Jo Jagwnu Buipiaoid 181uno9 211940 GEGG9 01 0 elep reubig | (819]dw02 JSIIA 181UN02) J0NUON
"Se] punoibxoeq ay) Jo alel ay) aulwa1ep
0} pasnh ag Ued asealoul Jo ajel S}| "SunJ yse) punoibxoeq Ofses
Nd1® ay1 sawn Jo Jaquinu Buipiaoid Ja1unod 214D GEGGO 010 e1ep [enbig _ punoiBoeq Nd1e Ja1unod) Jojuow
329yd AlowaN
‘Indui reuas g jueq uo (€S5z pue TvZ ‘627 ‘L1Z
loyenBbai A/ uo ne} abeyjoa-1apun Bunesipur iIndul feubig TloQ reubig | ‘GZ ‘eGA uid) (g yueq dooan) Jouuon
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

47



Internal signals

ndul

[enas ey (o ayeb) peoj-uado ue Buesipul Indul [eubig Tl00Q [enbig _ (6€Z uid) (jo yo) JoHuo
ndul

[elas ey (o ayeb) peoj-uado ue Buireslpul Indul [eubig Tl00Q [enbig _ (8ez uid) (jo yo) Jonuo
‘ndul

[euas yney (4o arehb) peol-uado ue Bunesipul Indul [eubiq Tl00 reubig | (2£Z uid) (jo yo) 10UUON
‘indul

[elas ney (yo areb) peoj-uado ue Bunesipul Indul eubIg TI0Q renbiq I (9gz uid) (jo yo) Jonuop
‘ndul

[eLas ney (3o ayeh) peoj-uado ue Bunealpul ndul [eybiq T100 reubiq _ (TeZ uid) (jo yo) Jonuo
‘ndul

[eLas )ney (o ayeh) peoj-uado ue Buneaipul indul [eybiq T100 reubiaq _ (ZA uid) (jo 4o) JonuoiN
‘ndul

[elas iney (o ayeb) peoj-uado ue Buesipul Indul [exbig Tl0Q renbig _ (GA uid) (jo o) Jonuon
ndul

[elas iney (o ayeb) peoj-uado ue Buesipul Indul [exubig TloQ renbig _ (82 A uid) (jo o) Jonuon
ndul

[enas yney (o ayeb) peoj-uado ue Buiesipul Indul [eubig Tl00Q [enbig _ (LTA uid) (jo yo) Jojuon
ndul

[elas ey (o ayeb) peoj-uado ue Buireslpul Indul [eubig Tl00Q [enbig _ (9TA uid) (jo Ho) JoyuoN
‘ndul

[euas yney (o arehb) peoj-uado ue Bunesipul Indul [eubiq Tl00 reubig | (€T A wd) (jo yo) Jonuon
‘indul

[elas ney (yo areb) peoj-uado ue Bunesipul Indul eubIg TI0Q renbiq I (0T A uid) (jo yo) sonuo
‘ndul

[elas ney (3o ayeh) peoj-uado ue Hunealpul ndul [eybiq T100 reubiq _ (TA uid) (jo 4o) JonuoiN
‘ndul

[eLas ney (o ayeh) peoj-uado ue Hunesipul indul [eybiq T100 reubiq _ (e7x wid) (jo 4o) JoNuON

S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

48



Internal signals

Jojluow 1ualind-I1sAQ

ndul

[elas yney (uo ayeb) peoj-uado ue Buiresipul Indul [eubig Tl00Q [enbig _ (2Z wid) (jo uo) Joyuo
ndul

[elas yney (uo ayeb) peoj-uado ue Buireslpul Indul [exbig Tl00Q [enbig _ (LA uid) (jo uo) Joyuo
‘ndul

[euas yney (uo ayeh) peol-uado ue Bunesipul Indul [eubiq Tl00 reubig | (SA uid) (jo uo) Jonuon
‘indul

[eas ney (uo ayeb) peoj-uado ue Bunesipul Indul eubIg TI0Q renbiq I (2TA wd) (jo uo) Jonuop
‘ndul

[enas yney (uo ayeb) peoj-uado ue Buesipul Indul [exbig Tl00Q renbia _ (9TA uid) (jo uo) JoyuoN
‘ndul

[elas yney (uo ayeb) peoj-uado ue Buesipul Indul [exbig Tl00Q renbia _ (ETA uid) (jo uo) Joyuo
‘ndul

[elas )ney (uo ayeb) peoj-uado ue Buesipul Indul [exubig Tl0Q renbig _ (0T A uid) (jo uo) Jonuon
ndul

[elas yney (uo ayeb) peoj-uado ue Buesipul Indul [exbig TloQ renbig _ (TA uid) (jo uo) Jonuon
ndul

[elas yney (uo ayeb) peoj-uado ue Buresipul Indul [eubig Tl00Q [enbig _ (271x uid) (jo uo) JoyuoN
ndul

[elas ey (uo ayeb) peoj-uado ue Buireslpul Indul [exbig Tl00Q [enbig _ (zax uid) (jo uo) Joyuo
‘Indul [elas “1ajesay [eulaixa

093N 8y} uo Jne} peoj-uado ue Buiredipul Indul [eubiq Tl100 renbiq _ (T A uid) (j0) Jonuo
‘Indul [elas "1areay [eulalxa

093N 3y} Joj ynej peoj-uado ue Buiesipul Indul fexbia T100 renbig _ (62A uid) (j0) J0nUON
‘ndul

[elas yney (o ayeb) peoj-uado ue Buesipul Indul [exbig Tl00Q renbia _ (2z wd) (jo yo) JoHuo
‘ndul

[elas iney (o ayeb) peoj-uado ue Buesipul Indul [exbig Tl00Q renbia _ (evZ uid) (jo yo) JoHuoN

S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

49



Internal signals

‘ndul reuss "Ajddns

Jamod 1s00q ay1 Jo abejjon-1ano Buneaipul indui [eubig TloQ reubig | (gz pue 17 uid) (A0) J01UON

‘Indul [elss ine} abeyjon-1ano ue Buiredipul indui [eubiq TloQ renbig _ (GA pue TA uid) (o) JonuoW

“ndui jeuss (LZ pue /TA ‘9TA ‘€TA

"(YB1y annoe) Jney abeyjon-1an0 ue Bunesipul indul fenbiag Tl00Q [enbig _ ‘OTA ‘LA ‘21X ‘vaX uid) (A0) Jonuo

Jojiuow abeljon-1an0
‘ndul

[euas "Buiurem ainjesadwal-1ono ue Bunesipul Indul eubiq Tl00 reubig | (SA pue TA uid) (Bulurem 10) J0HUON

ndul jeuss (egz pue 1vZ ‘622

"d yueq uo jne} ainjesadwal-iano Buneoipul indui [eubiq TI0Q renbiq I ‘)17 ‘GZ ‘G A uid) (g yueq 10) J0lUON

‘Indui feuss (8TA pue zvz '0€Z '81Z

"V Jueq uo Jjney aunjesadwsal-iano Bunesipur indul fenbig TI00 renbig _ ‘97 ‘17 '8TA uid) (v 3ueq 10) JoNUOW

Joliuow aunjeladwal-1anQ
‘ndul reuss "Ajddns

1500q BulALIp 3[1Iym 1uaiinalano Buneaipul 1ndul feubiq TloQ reubig | (97 uid) (20 1500Q) 101UON
‘ndul reuss "Ajddns

1500q BulALIp 3)1Iym 1ua1inalano Bueaipul 1ndul feubiq TloQ reubig | (egZ uid) (20 1s00Q) J01UON
‘ndul feuas “Ajddns

1500q BulALp 3)1Iym 1ualinalano Buesipul 1ndul feubiq Tl0Q reubig | (2t7z uid) (20 1s00Q) J10UUOIN
‘ndul felas “Ajddns

1500q BulALIp 3j1Iym Jualinalano Buiesipul 1ndul feubiq Tl00 reubig | (TZ uid) (20 1500Q) J0UUOIN
‘Indul feuas “Ajddns

1500q BUIALIp 3]1Iym Jualinalano Bunesipul indul fenbiq Tl00 reubig | (0gz uid) (20 1500Q) J0UUON
‘ndui jeuss "Alddns

1500q BuiaLp ajiym Juaiinaiano Buneodipul indui [eubiq TI0Q renbiq I (2Zz uid) (20 15000Q) J01UON
‘ndui euas "Alddns

1500q BulALIp 3[1Iym 1uai1inalano Bunesipul Indul eubiq TloQ reubig | (817 wid) (20 1500Q) J0NUON
‘ndul reuss "Ajddns

1500q BuIALIp 3[1Iym 1uaiinalano Bunesipul 1ndul feubiq TloQ reubig | (217 wd) (20 1500Q) J1011UOIN

S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

50



Internal signals

‘Indul feuss "Alsneq-oi-loys apis-moj buireaipul indui [enbiqg Tl00Q renbia _ (T¥Z uid) (as s|) JoHUON

‘Indul feuss "Alsneq-oi-loys apis-mo| buireaipul indui [enbig Tl00Q renbia _ (0oez uid) (gs s|) J0HUON

‘Indul feuss "Alsieq-oi-oys apis-moj buireaipul indul [enbiqg Tl0Q renbig _ (62Z wid) (gs s|) Jonuo

‘Indul fenss "Alseq-oi-Hoys apis-moj buireaipul indul [enbig TloQ renbig _ (817 wid) (gs s|) Jonuo

‘Indul fenss "Aisieq-oi-loys apis-moj buireaipul indul [enbig Tl00Q [enbig _ (£1Z wid) (gs s|) J0HuoN

‘Indul fenss "Alsleq-oi-Hoys apis-moj Bulyeaipul indul [enbig Tl00Q [enbig _ (€SA uid) (gs s|) Jonuon

‘ndul [ewas ‘Alaneq-ol-1loys apis-mo| Buneaipul indui eubig Tl00 reubig | (8T A uid) (gs s]) 10UUON
‘indul

[euas -Alaneq-o1-uoys apis-ybiy bunesipul indui reubig TI0Q renbiq I (9z uid) (gs sy) Jonuo
‘ndul

[euas "Alapeq-o)-uoys apis-ybiy Bunesipul indul fexbig Tl00Q renbia _ (egz uid) (gs sy) JoHuo
‘ndul

[euas "Alapeg-o)-uoys apis-ybiy Buiesipul indul fexbig Tl00Q renbia _ (2vZ uid) (as sy) JoHuo
‘ndul

[euas *Aianeg-ol-uoys apis-ybiy bueoipur indui [enbiq Tl0Q renbig _ (Tt wd) (as sy) Jonuop
ndul

[euas -Aianeg-ol-uoys apis-ybiy buyeaipul indul [enbIg TloQ renbig _ (0oez uid) (gs sy) Jonuopy
ndul

[euas -Aianeg-ol-uoys apis-ybiy buyeaipul indul [eNbIQ Tl00Q [enbig _ (62z uid) (gs sy) JoHuo
ndul

[euas -Aianeg-ol-uoys apis-ybiy Buyeaipul indul [eNbIQ Tl00Q [enbig _ (877 uid) (gs sy) Joyuo
‘ndul

[euas *Aisneq-ol-uoys apis-ybiy Buneaipul induil [eubIa Tl00 reubig | (217 uid) (gs sy) Jonuon
‘indul

[euas "Alaneq-o)-Loys apis-ybiy Bunesipul indul fexubig T100 renbig _ (eGA uid) (gs sy) Jonuon
‘ndul

[euas "Alaneq-o)-uoys apis-ybiy Buiesipul indul fexbig Tl00Q renbia _ (8TA uid) (gs su) Jonuon

Joliuow AJa11eg-01-110ys

S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

51



Internal signals

Indul [euss yney Aisneg-ol-uoys e Buneosipur indul [enbig Tl00Q [enbig _ (1€Z wid) (gs) Jonuo
‘Indul reuas uaund Buidwnd
093N ay1 uo ne} A1eneg-ol-1oys e Buneaipul Indul eubig Tl00 reubig | (e2z pue gzz uid) (gs) J0UUON
ndul [ellas "punolb renuia
093N uo ey A1dapeg-oi-Hoys e Bulyeslpul indul enbiq T100 renbig _ (TTZ wd) (gs) J0HUON
‘Indul rellas "abeyjon 1sulau
093N 3y} uo )ne} A1aed-o)-Loys e Buirealpul Indul [enbia TIi00 renbia _ (0TZ wd) (gs) JonuoW
Indul reuss “ynej Aieneq-ol-uoys e Buieosipul indui enbig T100 renbig _ (LA uid) (gs) Jonuon
Indul [euss yney Aisneg-ol-uoys e Buneosipur indul enbig Tl0Q renbig _ (GA ud) (gs) Joyuo
‘Indul [elas "1aleay [eulaIxa
093N 8y} uo Jjne} A1sneqg-03-loys e Buireaipul Indul [enbiq TloQ renbig _ (TA uid) (gs) Jonuon
.HJQC_ |elss “Isleay |eulalxa
093N ay: 1o} yney Aisneg-ol-uoys e Huneoipul indul enbia TIi00 [enbig _ (62A uid) (gs) Jonuon
Indul [euss yney Aisneg-ol-uoys e Buneosipur indui [enbig Tl00Q [enbig _ (82A uid) (gs) Jonuon
‘Indul felas -ney} Aleneg-oi-1oys e Bunesipul indul [eubiq Tl00 reubig | (2T A wd) (gs) Jonuon
ndul [eas ney Aleneg-ol-uoys e bunesipul indul reubig TI0Q renbiq I (9T A wid) (gs) Jonuopy
Indul reuas “ynej Aleneqg-ol-uoys e Buieosipul indui enbig T100 renbig _ (ETA ud) (gs) Jonuon
Indul reuas “ynej Aleneqg-ol-uoys e Buieosipul indui enbig T100 renbig _ (OTA uid) (gs) Jonuon
Indul [euss yney Aisneg-ol-uoys e Bunesipur indul enbig Tl0Q renbig _ (TA uid) (gs) Joyuo
Indul [euss yney Aisneg-ol-uoys e Buneosipur indui enbig TloQ [enbig _ (€71x uid) (gs) Jonuon
Indul [euss yney Aisneg-ol-uoys e Buneosipur indui enbig Tl00Q [enbig _ (271X uid) (gs) Jonuon
Indul [euss yney Aisneg-ol-uoys e Buneosipul indul fenbig Tl00Q [enbig _ (rax uid) (gs) Jonuo
‘Indul felas “ney Aleneg-oi-1oys e Bunesipul indul eubiq Tl00 reubig | (Tax ud) (gs) Jonuon
‘Indul [euas "Alaneq-01-Uoys apis-mo| bunesipul indul reubig TI0Q renbiq I (9z uid) (gs sJ) Jonuo
‘Indul [euas "Alaneg-o)-1oys apis-mo| Burealpur indui enbiq T100 renbig _ (egz uid) (as s|) Joyuon
‘indul [euas "Alapeg-o)-Loys apis-mo| Burealpul indul enbiq T100 renbig _ (zvz ud) (as s|) Jouuon
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

52



Internal signals

[euas “punoib-o03-loys apis-ybiy Buesipul indul _M_M_M Tl00 reubig | (eGA uid) (Bs sy) Jonuon
‘indul
[elas "punolb-o1-Loys apis-ybiy Buiyesipur indur eubiq T100 renbig _ (8TA uid) (Bs sy) Jonuon
Jojluow punouib-oi1-110ys
Indul [euas "paisal Aieneqg-o1-loys Buneoipul indul [eubig Tl00Q renbia _ (2 wid) (pa1sa) gs) Jonuo
Indul [euss pese) Alsneq-o1-loys Buneosipur indul enbig Tl0Q renbig _ (LA uid) (pa1sal gs) Jonuoin
Indul [euss "paise) Alsnreq-o1-loys Buneoipur indul enbig TloQ renbig _ (LTA wid) (pa1sel gs) Jonuojn
Indul [euss "paisa) Alsneq-01-loys Buneoipul indul [enbig Tl00Q [enbig _ (9T A uid) (pa1sel gs) Jonuojn
Indul [euss "pa1sa) Alsneqg-o1-oys Buneoipur indul [enbig Tl00Q [enbig _ (ETA uid) (pa1sel gs) Jonuojy
‘Indul felas ‘paisal Alaneg-o1-uoys Bunesipul indul eubiq Tl00 reubig | (0T A uid) (pa1sal gs) Jouuon
ndul [elas "palsal Alaneq-o1-Loys bunesipul Indul reubig TI0Q renbiq I (271X wd) (pa1sa: gs) Jouuow
Indul [euas "paisal Aieneqg-o1-loys Bunesipul indul [eubig Tl00Q renbia _ (yax wid) (paisal gs) JoNuoW
ndul [euas ‘yney A1sneq-ol-uoys e Buneoipul indul [eubig Tl00Q renbia _ (2Z uid) (gs) J0nuoN
‘Indul relas uaund Buidwnd
093N 8y yney Aieneg-ol-uoys e Buneosipur indui enbig Tl0Q renbig _ (LvZ pue 917 uid) (gs) JonuoN
Indul [euss yney Aisneg-ol-uoys e Buneosipur indul enbig TloQ [enbig _ (ez uid) (gs) Jonuopy
Indul [euss yney Aisneg-ol-uoys e Buneosipur indui enbig Tl00Q [enbig _ (6€Z uid) (gs) Jonuo
Indul [euss yney Aisneg-ol-uoys e Buneosipur indui [enbig Tl00Q [enbig _ (8ez uid) (gs) Jonuoy
‘Indul felas “ne} Aleneg-oi-1oys e Bunesipul indul [eubiq Tl00 reubig | (2£z uid) (gs) J0UUON
ndul [eas ney Aleneg-ol-uoys e bunesipul indul reubig TI0Q renbiq I (9gz uid) (gs) J0nuoN
‘Indul felias ‘punolb renuia
093N 3y} uo )ne} A1aed-o)-Loys e Buirealpul Indul [enbia TIi00 renbia _ (gez wd) (gs) Jonuon
‘Indul rellas "abeyjon 1sulau
093N 8y} uo ey Aeneqg-0)-1oys e Buresipur indur enbiq Tl00Q renbia _ (vez uid) (gs) JoHuoN
S910N abuey adA1 reubis oll [eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

J OPEN LS
Www.pi-innovo.com

53



Internal signals

‘Indul [euas "Nk} punolb-o1-Lioys e Buneoipul indul [eubiq TI0Q renbiq I (tax wud) (Bs) sonuop
‘Indul [euas "punoiB-ol-Loys apis-mo| Buiresipul indui [eubiq Tl00Q renbia _ (92 uid) (Bs s) J01U0N
‘Indul [elas "punoiB-ol-Loys apis-mo| Buiresipul indui [eubiq Tl00Q renbia _ (egz ud) (Bs s|) J0HUON
‘Indul [elss "punoiB-ol-Uoys apis-mo| Buiresipul indui [eubiq Tl0Q renbig _ (2t wd) (Bs s|) Jonuop
‘Indul [elss "punoif-o}-Uoys apis-mo| Buireslpul indui [eubiq TloQ renbig _ (Tt wd) (Bs s|) Jonuop
‘Indul [elss "punoif-o}-Uoys apis-mo| Buirespul indui [eubiq Tl00Q [enbig _ (0oez uid) (Bs sj) JonuoN
‘Indul [elas "punoif-o}-Uoys apis-mo| Buieslpul indui [eubiq Tl00Q [enbig _ (62z uid) (Bs s|) JoHuoN
‘Indul [ellas ‘punolb-01-1oys apis-mo| Buneaipul induil [eubIa Tl00 reubig | (817 uid) (Bs s|) Jonuon
‘Indul [elds ‘punoib-03-1oys apis-mo| Buneaipul indui [eubiq TI0Q renbiq I (21Z ud) (Bs s|) Jonuo
‘Indul [euas "punoiB-ol-Loys apis-mo| Buiresipul indui [eubiq Tl00Q renbia _ (€GA uid) (Bs sj) Jonuon
‘Indul [elas "punoiB-ol-Loys apis-mo| Buiresipul indui [eubiq Tl00Q renbia _ (8TA uid) (Bs sj) Jonuon
‘ndul

[euas punolb-oi-Hoys apis-ybiy Buiresipul indui [eubiq Tl0Q renbig _ (97 uid) (Bs sy) Jonuop
ndul

[euas punolb-oi-Hoys apis-ybiy Buiresipul indui [eubiq TloQ renbig _ (eGZ uid) (Bs sy) Jonuop
ndul

[euas punolb-oi-Hoys apis-ybiy Buiresipul indui [eubiq Tl00Q [enbig _ (2¢v7Z uid) (Bs sy) Jonuo
ndul

[elas punolb-oi-Hoys apis-ybiy Buiesipul indul [eubiq Tl00Q [enbig _ (T+7Z wid) (Bs sy) Jonuo
‘ndul

[euas ‘punoib-oi-loys apis-ybiy Buneaipul Indul eubig Tl00 reubig | (0gz uid) (Bs sy) lonuon
‘indul

[elas "punolb-o1-Loys apis-ybiy Buyesipur indur enbiq T100 renbig _ (62z uid) (Bs sy) Jonuo
‘ndul

[elas "punolb-ol-Loys apis-ybiy Buyesipur indur eabiq Tl00Q renbia _ (877 uid) (Bs sy) Jonuo
‘ndul

[elas "punolb-o3-Loys apis-ybiy Buiyesipur indul eabiq Tl00Q renbia _ (217 uid) (Bs sy) Jonuo

S910N abuey adA1 reubis oll [eubis

J OPEN LS
Www.pi-innovo.com

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

54



Internal signals

‘ndul [elas ‘3ney punoib-01-uoys e Buneaipul indul LI Tl00 reubig | (gez uid) (6s) J01UON

‘Indul [euas "Nk} punolb-o1-Lioys e Buneoipul indul [eubiq TI0Q renbiq I (2£z uid) (Bs) 10nu0N

‘Indul [ewss "jney punoib-ol-uoys e Buiresipul indul eubiq T100 reubiq _ (9gZ ud) (Bs) Jouuon
‘Indul relias ‘punolb renuia

093N 8y} uo e} punoib-o1-Loys e Buesipul Indul NI T100 reubiaq _ (5ez uid) (Bs) Jouuon
‘Indul rellas "abeyjon 1sulau

093N 8y} uo ne} punoib-ol-uoys e Buneaipul indul enbig Tl0Q renbig _ (reZ uid) (Bs) Jonuop

‘Indul [euss "yney punoib-o1-oys e Buiyeaipul Indui [enbig TloQ renbig _ (1€Z wid) (Bs) Jonuop
‘Indul reuas uaund Buidwnd

093N 8y} uo ne} punoiB-ol-uoys e Buneaipur indul enbig Tl00Q [enbig _ (€2z pue zzz uid) (Bs) Jonuop
‘Indul felias ‘punolb renuia

093N 8y} uo ne} punoiB-ol-uoys e Buneaipur indul enbig Tl00Q [enbig _ (TTZ wd) (Bs) Jonuo
‘Indul [elas "abeyjon 1sulau

093N 8y} uo }ne} punoib-oi-Loys e Buneaipul Indul [eubiq Tl00 reubig | (0TZ uid) (6S) J0UUON

‘Indul [euas "Nk} punolb-o1-Lioys e Buneoipul indul [eubiq TI0Q renbiq I (ZA uid) (Bs) 10nuop
‘Indul [euas Jareay [eulalxa

093N 8y} uo Jne} punoiB-ol-Loys e Bunesipul indul [enbiqg Tl00Q renbiq _ (TA wid) (Bs) Jonuon
‘Indui [euas “Jareay [eulalxa

093N 8y} 4o} }ney punoJB-o1-uoys e Bunesipul indul fenbig T100 reubiaq _ (62A uid) (Bs) Jonuo

Indui [euss “yney punoib-o1-Loys e Buiredipul Indui [enbig Tl0Q renbig _ (82 A uid) (Bs) Jonuon

‘Indul [euss “yney punoib-o)-oys e Buiyeaipul Indui [enbig TloQ [enbig _ (LTA uid) (Bs) Jonuon

‘Indul [euss "ney punoib-o1-oys e Buireaipul Indul [enbig Tl00Q [enbig _ (9T A uid) (Bs) Joyuo

‘Indul [euss "ney punoib-01-uoys e Buireaipul Indul [enbig Tl00Q [enbig _ (ETA uid) (Bs) Joyuon

‘Indul [elas ‘1ney punoib-01-uoys e Buneaipul indul LI Tl00 reubig | (0T A uid) (Bs) Jonuon

‘Indul [euas "Nk} punolb-o1-Lioys e Buneoipul indul [eubiq TI0Q renbiq I (71X wid) (Bs) Jonuony

‘Indul [ewss "jney punoib-ol-oys e Buiresipul indul euBIq T100 reubiq _ (27x uid) (Bs) Jonuo

‘Indul renss jney punoib-ol-Loys e Buiresipul indul eubIq T100 reubiq _ (rax uid) (Bs) Jouuon

S910N abuey adA1 reubis oll [eubis

J OPEN LS
Www.pi-innovo.com

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

55



Internal signals

‘Indul [euas "yney abeljoa-1apun ue Bunesipur indul enbiqg Tl0Q renbig _ (GA pue TA uid) (An) Jonuon

Joliuow abeyjon-1apun
‘g|ger dn
-400] ®© Aq palioads pue Jeaulj-uou si aineladwa) 0] abeljon
WI0J} UOISISAUOD "UOISISAU0D paubisun )g-gT 'g Jaxajdiinw

0] paubissy Juawainseaw ainjesadwal N3 [euldiu]|  D.,0GT+ 01 D.GG- anboeuy I dwal-g0d NIV

Joyuow ainyesadwa]
ndul [euas "paisal Yo

areb peoj-uado pue punolib-01-1oys Buneaipul indul [eUBIA Tl00 reubig | (2 uid) (pa1sal |0+6s) Jonuon
ndul [euas "paisal Yo

a1eb peoj-uado pue punoib-o01-1oys Buneaipul indul [eubiq TI0Q renbiq I (2A uid) (pa1sal |0+6s) Jonuow
‘ndul [euas "paisal Yo

areb peoj-uado pue punolib-01-1oys Buneaipul indul feubig TloQ reubig | (2T A uid) (pa1sal |0+6s) Jonuop
‘Indul felias paisal Jo

areb peoj-uado pue punolib-01-1oys Buneaipul Induil [eubig TloQ reubig | (9T A uid) (pa1sal [0+6s) Jonuop
‘Indul felias paisal Jo

areb peoj-uado pue punolib-01-1oys Buneaipul 1nduil [eubig TloQ reubig | (T A uid) (pa1sal [0+6s) Jonuop
‘Indul [eliss paisal Jo

areb peoj-uado pue punolib-01-1oys Buneaipul indul [eUBIA TloQ reubig | (0T A uid) (pa1sal |0+6s) Jonuo
‘ndul [euas "paisal Jo

areb peoj-uado pue punolib-01-uoys Buneaipul indul [RUBIA Tl0Q reubig | (271X wid) (pa1sal |0+6s) Jonuo
ndul [euas "paisal Jo

areb peoj-uado pue punolib-01-uoys Buneaipul indul [eUBIA Tl00 reubig | (Fax uid) (pa1sa1 |0+6s) Jonuo

‘Indul [elas ‘1ney punoib-01-uoys e Buneaipul indul LI Tl00 reubig | (2z uid) (6s) 101U0ON
‘indui jeuas -ua.nd Buidwnd

093N 8y} uo yney punoiB-o}-uoys e Bunealpul indul [enbig T100 renbig _ (L¥7Z pue 97 uid) (Bs) Jonuo

‘Indul [ewss "jney punoib-ol-oys e Buiresipul indul euBIq T100 reubiq _ (evZ uid) (Bs) Jouuon

‘Indul renss jney punoib-ol-Loys e Buiresipul indul eubIq T100 reubiq _ (6€Z ud) (Bs) Jouuon

S910N abuey adA1 reubis oll [eubis

J OPEN LS
Www.pi-innovo.com

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

56



Internal signals

"(€02/955T)«“A="N

‘uonenba ay; asn (BA) abejjon jemoe 01 (W) abeyjon
palnseaw 18AU0D 0] "UOISISAUOD paubisun 1g-2T 'V
Jaxajdnnw 01 paubissy "lonuow abeyjon 1ndino feubiq

NEBE 01 A0

anboreuy

(11X wid) (A) JonUON

"(LOV/S9P)«“N=°N

‘uonenba ay1 asn (BA) abejjon [emoe 01 (W) abeyjon
painseaw 1I8AU0I 0] "UOISISAU0D paubisun 1g-ZT "palinbal
JI lossadoud Arewnd ayy yum Bupjosyd ssol9 Joj Jossadoid
Arepuodas ay) 01 painoy "Jonuow abeyjon Alddns Josuss

NL'G 01 A\O

anboreuy

(8A pue Zyx uid) (A) Jonuo

"(LOV/S9P)«“N=°N

‘uonenba ay) asn (BA) abeyjjon [emoe 01 (W) abeyjon
painseaw 1IaAuU092 0] ‘patinbai Ji Jossasoid Arewnd sy
yum Bupjoayd sso.9 1oj 10ssa20.d Arepuodas ay) 0] painoy
"uolsIaAu09 paubisun 1g-ZT “101uow abeyjon A|ddns Josuas

NL'G 01 A\O

anboreuy

(8Z pue grx uid) (A) Jonuon

(L0Y/S9t)«“A=BA ‘uonenba ay) asn
() abeyjon renoe 01 (WA) abeyjon painseaw LISAUO0D O]

"uoISIaAU09 paubisun 1g-ZT “101uow abeyjon A|ddns Josuas

NAL'G 0 AO

anboeuy

(¥1Z pue gHx uid) (A) Jonuo

(LOY/S9t)«“A=CA ‘uonenba ay) asn
(/) abeyjon renmoe 01 (WA) abeyon painseaw LIBAU0D O

‘uoISIaAU09 paubisun 1g-ZT “10luow abeyjon A|ddns Josuas

NAL'G 0 AO

anboeuy

(zox uid) (A) Jonuow

(TT/TTT)«A=°A ‘uonenbs ay)

ash (BA) abeyjon [enoe 01 (YA) abejjon painsesaw 118AUOD
0] ‘UoISIaAU0D paubisun 1ig-gT ‘paJlinbal Ji Jossasoud
Arewud ay1 yum Bujoayd ssouo 1oy lossadold Arepuodas
3y} 0] painoy lonuow abeyjon Alddns Jamod payoums

A0S 0} AO

anboeuy

(¥ pue gz ‘cA uid) YMdA NIV

lojiuow afeljon

‘Indul rellss
Jiney 8be1joA-18pun QAA 0TT83 1L & Bunedipul indul [enbig

T100

renbia

(svz pue 6£7 ‘€7 /€7 ‘'9€7 ‘TEZ
‘8ZA ‘€1X ‘TgX uid) (An ppA) JoNUON

‘Indul rellss
ey abeyjoA-1apun DDA 0TT83 1L e Buneoipur indul fenbia

Ti00

[enbig

(evz pue 67 '8€Z /€7 '9€Z '1€Z
‘8ZA ‘€71X ‘TaX uid) (An 20A) JoyuOW

S310N

abuey

adA1 reubis

o/l

eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

57



Internal signals

"(€02/955T)«“A="N

‘uonenba ay; asn (BA) abejjon jemoe 01 (W) abeyjon
palnseaw 18AU0D 0] "UOISISAUOD paubisun Ug-2T g
Jaxajdnnw 01 paubissy "lonuow abeyjon indino feubiq

NEBE 01 A0

anbojeuy

(TvA wid) (A) JonuON

"(€02/9GST)«A=°A ‘uonenba ayj asn
(®n) abeyjon remoe 01 (WA) abeyjon painseaw LISAU0D O]

"UOISI9AU0D paubisun 11g-ZT "Joluow abeljoA ndino enbig

NEBE O N0

anboreuy

(0gA uid) (A) Jonuop

"(€02/98ST)«“A=°A

‘uonenba ay) asn (BA) abeyjjon jemoe 01 (W) abeyjon
painseaw L8AU0D 0] "UOISISAUOD paubisun 1g-2T 'V
Jaxajdninw o0y paubissy 1ojuow abeyjon indino feubiq

NEBE O A0

anboreuy

(62A uid) (A) Jouuo

"(€02/9GST)+“A=°A

‘uoirenba ay) asn (BA) abeyjon jemoe 01 (W) abeyjon
palnseaw 18AU0D 0] "UOISISAUOD paubisun 1g-2T 'V
Jaxajdninw 01 paubissy 1ojuow abeyjon Indino eubiq

NEBE O A0

anboeuy

(8T A uid) (A) Joyuon

“(£02/9GST)«“A="A ‘uoirenba ay) asn
(/) abeyjon renmoe 01 (WA) abeyon painseaw LIBAU0D O

"UOISI9AU0I paubisun 11g-ZT “J0luow abeljoA 1ndino eubig

NE'BE O A0

anboeuy

(#INX uid) (A) Jonuon

“(£02/9GST)«“A="A ‘uoirenba ay) asn
(/) abeyjon remoe 01 (WA) abeyoA painseaw LIBAUO0D O

"UOISIaAU09 paubisun 1g-ZT “Joluow abeyjoA 1ndino [enbig

NE'BE O AO

anboeuy

(X uid) (A) Jonuopn

"(€02/95ST)x"A=°A ‘uonenbas ay1 asn
(/) abeyjon renmoe 01 (WA) abelona painseaw LIBAUOD O

"U0ISIaAU0D paubisun 1g-gT "Jonuow abeljoA Indino [enbiqg

NE'8E 01 AO

anboleuy

(2 uid) (A) Jonuo

"(€02/955T)«“A="A

‘uonenba ay; asn (BA) abejjon jemoe 01 (W) abeyjon
palnseaw 18AU0I 0] "UOISISAUOD paubisun 1g-2T g
Jaxajdninw 01 paubissy "loluow abeyjon Indino felubiq

NE'8E 01 AO

anboreuy

(TIX uid) (A) J0nuo

"(€02/9GST)«A="A ‘uoirenbs ay} asn
(/) abeyjon remoe 01 (WA) abeyjon painseaw LISAUO0D O]

"UOISI9AU0D paubisun 11g-ZT "Joluow abeljoA 1ndino enbig

NE'BE 01 A0

anbojeuy

(771x wid) (A) JonuoN

S810N

abuey

adA1 reubis

o/l

[eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

58



Internal signals

1ISAUOD 0] “UOISIBAU0D paubisun 1Ig-gT "Spuodasi|jiw

0o A1lana parepdn "pJeoglaybnep .1 N3IS pue abplig
-H. a1 yum ajgejreAe ‘1onuow abeyjon indino [eubig

NEBE O N0

anboreuy

(7ox uid) (A) Jonuo

"(€02/9GGT)«"A="A ‘uonenba
ay1 asn (BA) abeyjon enioe 01 (W) abeyjon painseaw
1I9AUO0D 0] "UOISISAU0I paubisun 1g-ZT "SPU0asI|jiw
0o Alana parepdn “pieogiaiybnep .1 N3IS pue abpliq

-H. ay1 yum ajgejreAe ‘1onuow abeyjon indino [eubig

NEBE O A0

anboreuy

(7ax uid) () Jonuo

(uondo pjing) J01UuOW abe)|OA

"sued ND3uadQ Jare| pue 000-00NZ0-058890-1T0
SOZ9N Pue ‘000-00N20-£08890-1LT0 NOLOIN
‘000-00N€0-282890-1T0 909N U0 3|ge|rene AluQ
"(29/290T)«"'A\="A ‘uonenba ay} asn (®A) abejjon enioe o}
(WA) abeyjon painseaw 1I9AUO0D O] “UOISIBAU0I paubisun
uQg-2T g ueq “Jonuow Aisneqnsooq apis-ybiy Jo1oslu

NG9'S8 01 \O

anboeuy

(5z uid) (A) Jonuo

"sued ND3uadQ Jare| pue 000-00NZ0-058890-1T0
SO/9N pue ‘000-00NZ0-£08890-1LT0 NOLOIN
‘000-00N€0-282890-1T0 909N U0 3|ge|rene AluQ
"(29/290T)x“A=CA ‘uonenba ayi asn ((A) abeyjjon [emoe 0}
(WA) abeyjoA painseaw 1IBAU0D O] “UOISIBAU0I paubisun
1Q-2T 'V Yueq ‘lojuow Alsneqasooq apis-ybiy Jo1oslu|

NG9°G8 01 AO

anboeuy

(1Z wid) (A) Jonuo

"(€02/9GST)«“A="A ‘uoienba ayj asn
(/) abeyjon renmoe 01 (WA) abelona painseaw LIBAUOD O
"UOISIaAU0I paubisun 1g-ZT “Joluow abeljoA ndino [enbig

NE'8E 01 AO

anboleuy

(9A uid) (n) J0nUOWN

"(€02/95ST)«"A=°A

‘uonenba ay; asn (BA) abejjon jemoe 01 (W) abeyjon
palnseaw 18AU0I 0] "UOISISAUOD paubisun 1g-2T g
Jaxajdninw 01 paubissy "loluow abeyjon Indino felubiq

NE'8E 01 AO

anboreuy

(€SA uid) (A) Jouuo

"(€02/95ST)«A="A ‘uoirenba ay) asn
(/) abeyjon remoe 01 (WA) abeyjon painseaw LISAUO0D O]
"UOISI9AU0D paubisun 11g-ZT "Joluow abeljoA 1ndino enbig

NE'8E 01 AO

anboreuy

(zv A wid) (A) JouUON

S310N

abuey

adA1 reubis

o/l

eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

59



Internal signals

"(€02/95ST)«"A="A ‘uonrenbs
ay1 asn (BA) abeyjon fenioe 0] (W) abejjon painseaw
1I9AUO0D 0] "UOISISAU0I paubisun 1Ig-ZT "SPU0dasI|jiw
o Alana parepdn "pieoglaiybnep .1 N3IS pue abplig

-H. 8yl yum ajqejreAe ‘1onuow abeyjo ndino reubig

NE'8E 01 AO

anboeuy

(zYX wid) () Jonuo

"(€02/95ST)«"A="A ‘uonenba
ay1 asn (BA) abeyjon enioe 01 (W) abeyjon painseaw
1I9AUO0D 0] "UOISISAU0I paubisun 1g-ZT "SPU0dasI|jiw
o Alana parepdn "pieoqlaybnep .1 N3IS pue abplig

-H, ay1 yum ajgejreAe ‘1onuow abeljon indino feubig

NEBE O N0

anboreuy

(rrx ud) (A) Jonuo

"(€02/9GGT)«"A=°A ‘uonenba
ay1 asn (BA) abeyjon enioe 0] (W) abeyjon painseaw
1I9AUO0D 0] "UOISISAU0I paubisun 1g-ZT "SPU0asI|jiw
0o A1lana parepdn "pieogiaybnep .1 N3IS pue abplq

-H. ay1 yum ajgejree ‘1onuow abeyjon indino [eubig

NEBE O N0

anboreuy

(74X ud) (A) J0uuoN

"(€02/9GGT)«"A="A ‘uonenba
ay1 asn (BA) abeyjon enioe 01 (W) abeyjon painseaw
1I9AUO0D 0] "UOISISAU0I paubisun 1g-ZT "SPU0JasI|jiw
0o Alana parepdn “pieogiaiybnep .1 N3IS pue abplq

-H. ay1 yum ajgejreAe ‘1onuow abejjon indino [eubig

NE'BE O A0

anboeuy

(z4x ud) (A) JouuoN

"(€02/98ST)«"A=°A ‘uonenbas
ay1 asn (BA) abeyjon [enjoe 01 (W) abeyjona painseaw
1I9AUO0D 0] "U0ISISAU0I paubisun 1g-ZT "SPU0JasI|jiw
o Alana parepdn -pieogiaiybnep .1 N3IS pue abplq

-H. 8yl yum ajqejreae ‘Jonuow abeyjon indino eubig

NEBE O A0

anboeuy

(73X uid) () Jonuon

"(€02/9SST)«"A=°A ‘uonenbas
ay1 asn (BA) abeyon [enjoe 03 (W) abeyjona painseaw
1I9AUO0D 0] "U0ISIBAU0I paubisun 1g-ZT "SPU0dasI|jiw
o Alana parepdn -pieogiaiybnep .1 N3IS pue abpliq

-H. ay1 yum ajqejrene ‘Jonuow abeyjoa indino eubia

NEBE O A0

anboleuy

(z3x uid) (a) Jonuon

"(€02/9GST)«"A=°A ‘uonenbas
ay: asn (°A) abeyjon [enyoe o3 (“A) abeyjon painsesw

S310N

abuey

adA1 reubis

o/l

eubis

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-XE

Released at version: 2.9.0 (r2020-1)

JoPEN [zl

Www.pi-innovo.com

60



Chapter 4. Operational detalls

o I = L U I o 0 11V TP UPTPPT 62
4.2. ECU power — power consumption and heat dissipation ...............ccooeveiiiiiinieinns 63
4.3. ECU POWET — CONLIOL ...ttt et e e et e e e e aea e 64
4.3.1. Reprogramming MOAE ........ccouuiiiuuaiiiieii et e e e et e e e et eeeaaeenns 65

4.4. ECU power — WaKe-0N-CAN ... e 66
4.5. ECU power — actuator SUPPIY .....ooeuniiie e 66
4.6. ECU power — actuator supply MONItOrS ........coouuiiiiiiiiiiei e 67
4.7. ECU pOWEr — SENSOT SUPPIY - .eeeeiiiiieiiee ettt e e et e e e eenas 68
4.8. ECU power — sensor supply ProteCtion ............o.ueeeuiieiiiieiiieeiieeeieeei e eeieeens 68
4.9. ECU power — sensor supply MONITOrS .........ooieuniiiiiiiiieeie et 69
4.710. ANAIOGUE INPULS ...ttt ettt et ettt e et e e et e et e etn e eeaaaennaaes 69
4.11. Analogue inputs — relationship between sensor supplies and inputs ................... 69
4.12. Analogue inputs — ratiometric MEeaSUreMENT ...........uiiiiiiiiiiieiiii e eeies 71
4.13. Analogue inputs — temperature, RTD ..o 71
4.14. Analogue inputs — temperature, thermistor .............ccoveiiiiiiiiiii e, 72
4.15. Analogue inputs — temperature, internal ..o 72
4.16. Analogue inputs — pedal and throttle position ............cccooviiiiiiiii e, 73
4.17. Analogue inputs — Crank, VR ... 73
4.18. Analogue iNPULS — KNOCK ......couuiiiiiii e 74
4.19. Analogue inputs — MUIIPIEXING .....uiietniii e 75
4.20. ANAIOQUE OULPULS ...eeiiieiiit ettt et et e e e et e e et e e et e e e e e eenaaes 75
4.21. Analogue outputs — constant current (SWItChing) ..........coooiiiiiiiiiiiiis 75
4.22. DiIgItal INPULS oo e et e e e et e e e aans 78
4.23. Digital inputs — crank and cam, Hall-effect .............cocoiiiiiiii e, 78
4.24. Digital inputs — frequUEeNCY MEASUIEMENT .......cc.uiiiiiiiiie i ea e 79
4.25. Digital INPULS — QUAAIALUIE ......oeeiieeieee e e e e e e aes 80
4.26. Digital INPUES — SENT ...t e e e e ea e eaa s 80
A4.27. DiIgital OULPULS ...ttt e et e e et e e e e ea e aeenns 80
4.28. Digital OUtpULS — [OW-SIAE ... .ceuniiiiiiii e e 80
4.29. Digital outputs — high-Side ..o 81
4.30. Digital outputs — high-side to low-side assocations ...........c...cccoeveiviniiiiieiiineeennnn. 82
4.31. Digital outputs — leakage CUITENT ........c.uuiiiiiiiii e 83
4.32. Digital outputs — monitors (unconditioned) .............ocoiiiiiiiiiiiiii 83
4.33. Digital outputs — monitors (conditioned) ...........ccciiiiiiiiiiiiiii e 84
4.34. Digital outputs — driver over-current proteCtion ............cooeeeuiiiiiiieeiiniiiieeeeeeis 86
4.35. Digital outputs — waveform CONtrol ..............oooii i 87
4.36. Digital outputs — iNJECLION VAIANTS .......oieiiii e 20
4.37. Digital OUtpULS — INJECHION ....ieeiii e e e 91
4.38. Digital outputs — injection driver protection .............cccoceiiiiiiiiiiiiiiie e 93
4.39. Digital outputs — iNJECHION MONITOIS ......iiuiiiiieii e 95
4.40. Digital outputs — injection variant, ME70N .............ccooiiiiiiiiiiiic e 96
4.41. Digital outputs — injection variant, MB70S ...........cocoiiiiiiiiiii e 96
4.42. Digital oUtpULS — IgNILION ....eiitiiiee e 97
4.43. Digital outputs — ignition driver proteCtion ..............ccooeeuiiiiiiiiiiiie e 97
4.44. Digital outputs — ignition MONITOIS .......couuiiiiiii e 97
4.45. Digital outputs — driver over-current proteCtion ............cooeeeuiieiiiieiiineeiieeeeeeies 98
4.46. H-DIidQe OULPULS ...ceuiiitieie ettt et et e e e e e et e e et e e ea e aean s 99
4.47. H-bridge outputs — half-bridge operation .............cccooiiiiiiiiiiii e 100
4.48. H-bridge outputS — MONITOIS ......iiiiiii e 102
4.49. H-bridge outputs — driver proteCtion ............ooceuiiiiiiiiiiei e 102
YO @)1 Yo =T g BEST=T 0 Y oo PP 102
4.51. Oxygen sensing — narrow band HEGO ..........coooiiiiiiiiiii e 102
4.52. Oxygen sensing — wide band UEGO ............cooiiiiiiiiiiiiiiiii e 103
4.53. Oxygen sensing — wide band UEGO MONItOrS .........ccouiiiiiiiiiniiiieiiieeeieeeennnn 105
A.54. SECONUANY PrOCESSON ...ueeuneietatet e et e et ettt e et e e et e e et e e et e ean e ean e eataaeanaaeanans 105

Copyright 2020, Pi Innovo. All Rights Reserved

Dogzmgent number: 29T-068787Tg|<-xE JoPENEER

Released at version: 2.9.0 (r2020-1) 61

WWW.pi-innovo.com



Operational details

4.55. Secondary processor — E-Gas monitoring CONCEPL .......cceuvureverineeriiiineeeeiiinnnn. 107
4.56. Serial iNPULS anNd OULPULS .......couuuiiiiiieiiiii e 109
4.57. CommuNICAtioN — CAN ... e 109
4.58. Communication — LIN ....ooouiiii e 109
4.59. CommUNICALION — FIEXRAY .....cceviuiieiiiiiieiie e 109
4.60. MemOory — CONFIQUIALION .......ccuuiniiiiiiee ettt 109
4.61. Memory — non-volatile storage and lifetime ...........cccooooiiiiiiiii e, 110
4.62. Memory — calibration capabilities ..o 110
4.63. Memory — calibration iNterfaces ...........oooveeuiiiiiiiii e 110
4.64. SYSIEM MOUES ...ttt et ettt e et e e et e e e s 110
4.65. FIASN COUES ....ooiiiiiiiiiii et 111
4.66. Floating point capabilities ...........coouuiiiiiiii e 112
4.67. InpUt/OULPUL SCHEMALICS .....uueiiiii e 112
4.68. Customization — build OPLIONS ........oiiiiiiiei e 113
4.69. Customization — daughter board OPLONS ............ovviiiiiiiiiiiiiieiei e 113

4.69.1. H-bridge and SENT daughterboard — part number 25T-068872 ............. 113

4.1. ECU power

The power supply pins, Y3, Z2 and Z4, Vpwr, are connected internally in parallel. Each pin
is individually rated to 13.5A (at the maximum operating temperature) and can be connected
in parallel to provide a higher rating. Using two pins gives 27A. Using three pins gives the
maximum capability of 30A.

The power ground pins, XC1, XD3, XF1, XH1, Y2, Y4,Y26, Y27 and Z3, Vgnp, are connected
internally in parallel. Pins Y2, Y4 and Z3 are individually rated to 13.5A (at the maximum
operating temperature) and can be connected in parallel to provide a higher rating. Using
two pins gives 27A, and so on. The maximum capability is 40A. Pins XC1, XD3, XF1, XH1,
Y26 and Y27 are only rated to 1.5A and should be used as signal returns and not used to
provide battery negative to the M670.

The ECU is designed for 12V or 24V vehicles. The ECU is protected against reverse supply
connection (guaranteed for a minimum of 60 seconds) but actuators need their own reverse
battery protection. All pins are protected against open circuit, short-to-battery or short-
to-ground over normal operating range, unless otherwise excluded in following sections.
All output pins are protected against overcurrent faults and overvoltage faults up to 36V
continuous, unless otherwise excluded in the following sections. In both overcurrent and
overvoltage fault cases the outputs may turn off to protect the ECU.

Some ECU functionality is limited by the nominal battery voltage:

Table 4.1. Functionality based on nominal battery voltage

Min Max Behaviour
\% \%
6 7 CAN and crank/cam synchronisation, other
functions may not perform
7 12 Full function with 50% derated injector VgoosT
power
12 32 Full function
32 36 CAN only, other functions may not perform
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4.2. ECU power — power consumption and
heat dissipation

The ECU has been designed for continuous operation with the following use cases.

Table 4.2. Constant operation duty cycle for actuators

Component Diesel direct Gasoline direct Gasoline port
injection injection injection
Injection| 8x 25/15A | 5000rpm | 8x 12/4A | 8000rpm 8x 1A Constant
peak/hold at 3ms peak/hold at 6ms hold
13% DC 40% DC
at 41Hz at 66Hz
Boost power Y 120w Y 40w N ow
supply
Spark (smart) 8 0% 8 8000rpm 8 8000rpm
at 5ms at 5ms
66Hz 33% 66Hz 33%
DC per cyl DC per cyl
Fuel control| 1x 6/4A 5000rpm 1x 6/4A 8000rpm N 0%
valve | peak/hold at 50% peak/hold at 50%
Assume 4 lobe DC, 166Hz DC, 266Hz
pump
Pressure 1x 4A 20% DC 1x 4A 20% DC N 0%
regulation at 500Hz at 500Hz
valve
Lift pump| 1x 8A 100% 1x 8A 100% 1x 8A 100%
Electronic 1x 60% DC 2x 60% DC 2x 60% DC
throttle control at 1000Hz at 1000Hz at 1000Hz
H-bridge
EGO heater| 1x4A 10% DC Ax 4A 50% DC ax 4A 50% DC
(resistive) 7.5W x 2 7.5W x 2 7.5W x 2
sSensors sensors sensors
Variable 1x 60% DC - - - -
geometry at 1000Hz
turbo
H-bridge
Wastegate 1x 2A 25% DC 2x 2A 25% DC 2x 2A 25% DC
at 500Hz at 500Hz at 500Hz
Cylinder 0 0% 0 0% 0 0%
deactivation
Exhaust gas - - 1x 2A 0% 1x 2A 0%
recirculation
H-bridge
Glow plug| 1x 0.5A 0% 1x 0.5A 0% 1x 0.5A 0%
relay
Intake air| 1x 0.5A 0% 1x 0.5A 0% 1x 0.5A 0%
heater relay
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Component Diesel direct Gasoline direct Gasoline port
injection injection injection
Warning| 4x 0.2A 100% 4x 0.2A 100% 4x 0.2A 100%
lamps

4.3. ECU power — control

The ECU power arrangement is shown in Figure 4.1, “Switching arrangement for main power
supply, wake-on-CAN enabled”.

Figure 4.1. Switching arrangement for main power supply, wake-on-CAN enabled

|
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transceivers T
|
|

Internal to ECU External to ECU

The default build option supports an ignition switch. The ECU powers up when the power
supply pins (Vpwr Y3, Z2 and Z4) and key position (ignition sense) input (pin Y25) are
asserted. The key position voltage threshold, above which the power supply turns on, is
nominally 1.7V (worst case, a minimum of 1.1V and a maximum of 2.9V). The key position
(pin Y25) can be read as a digital input. The application must debounce the digital input over
200 milliseconds to achieve an accurate reading.

The default build option supports a power relay control driver (pin Z19). When the ECU is
powered on, this pin is pulled low by a low-side driver. When the ECU is powered off, the pin
is disabled. This pin can be connected to a Power relay as shown in Figure 4.1, “Switching
arrangement for main power supply, wake-on-CAN enabled” to create a Vpyr supply to
external loads which do not have any other high-side supply.

The default build option supports wake-on-CAN. The ECU powers up when the power supply
pins are asserted and the ECU receives a message on a wake-on-CAN-enabled CAN bus
(see Section 4.4, “ECU power — wake-on-CAN” for more). To fully disable wake-on-CAN,
ECUs can be modified with a build option. To partially disable wake-on-CAN, so that an ECU
does not power up due to CAN messages but will remain powered when CAN messages are
present, Vpywr can be used to supply pins Y3, Z2 and Z4 as shown in Figure 4.2, “Switching
arrangement for main power supply, wake-on-CAN partially disabled”.

Copyright 2020, Pi Innovo. All Rights Reserved
Document number: 29T-068787TK-xE WEMCH
Released at version: 2.9.0 (r2020-1) 64 WWW.pi-innovo.com



Operational details

Figure 4.2. Switching arrangement for main power supply, wake-on-CAN
partially disabled
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In both switching arrangements shown, the ECU relies on an external power relay to provide
a switched high side, Vpywgr. Connecting actuators directly to low-side outputs from the ECU
and battery positive, may result in the ECU generating an incorrect voltage on a high-side
pin, or the ECU turning on unexpectedly, or the ECU remaining powered on when the
application attempts to shutdown. See Section 4.30, “Digital outputs — high-side to low-side
assocations” for details on what outputs to connect to Vpyg.

In both switching arrangements shown, the ECU application software can hold power to
the ECU after the conditions to power up the ECU no longer exist (e.g., the ignition sense
is deasserted or CAN messages are no longer present). This allows, for example, the
application to complete non-volatile memory processing. For the ECU to hold power the
internal DOT enable-PSU-hold channel needs to be asserted. Setting this internal channel
high will hold power when the key position input is opened, setting it low will allow the ECU
to power off when the key position input is opened.

Note

The ECU will turn on and assert power hold before the application starts to run. The
application must disable power hold by deasserting the internal channel DOT enable-
PSU-hold when the conditions to shutdown are satisfied (for instance, the ignition
sense input is off and information to store in non-volatile information has been written).

In particular, the ECU may turn on when battery power is first connected. When the
application wakes up, the application must determine whether to continue or not, and
if not, power down by deasserting the internal channel DOT enable-PSU-hold.

4.3.1. Reprogramming mode

When the ECU is in reprogramming mode, the power hold will automatically be controlled.
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* If the ignition input is ever enabled, then the power hold is held low for the rest of the power
cycle such that the ECU will power down as soon as the ignition is disabled.

« If the ignition input is not enabled within a reprogramming power cycle, i.e. The ECU is
powered from Wake-on-CAN, then the power hold will remain on for 20 seconds after the
last CCP message it receives. This allows the ECU to remain powered while connected to
a CCP tool but eventually turn itself off after disconnecting.

See Section 4.64, “System modes” for more information on reprogramming mode.

4.4. ECU power — wake-on-CAN

Some CAN buses (pins Y11, Y12, Y23 and Y24) provide wake-on-CAN functionality. When
the ECU power is controlled using CAN messages, the ECU powers up (or wakes) when the
ECU senses two bus dominant states of at most 5 microseconds, with the first dominant state
followed by a recessive state of at most 5 microseconds (provided the complete dominant-
recessive-dominant pattern is completed within at most 2 milliseconds). Generally this pattern
is fulfilled by sending a valid CAN message.

When ECU is powered via wake-on-CAN, it is the responsibility of the application to
determine how long the ECU should remain on. In order to guarantee that the application is
able to run after a wake-on-CAN event, it is recommended that the application initialise the
DOT enable-PSU-hold channel to high to keep the ECU powered.

When the application has completed its desired tasks, the internal digital output DOT enable-
PSU-hold should be set to low to allow the ECU to shut down. Once both the power-hold
output and ignition input are deasserted, the platform will disable the CAN transceivers to
cause the ECU to shut down.

Note

If the ECU is initially powered via wake-on-CAN and then the ignition input becomes
active while the application is running, the ECU will remain on while the ignition is on
even if the power-hold is disabled.

4.5. ECU power — actuator supply

The ECU provides a number of high-side actuator supplies (pins Y1, Y5, Z1 and Z5) to provide
switched high-side power to various loads. Supplies on pins Y1 and Y5 are general purpose
and controlled as digital outputs (see Section 4.27, “Digital outputs” and Section 4.29, “Digital
outputs — high-side” for more). Supplies on pins Z1 and Z5 are specifically intended for use
with injector circuits and are described in further detail in Section 4.36, “Digital outputs —
injection variants”.

The actuator supply pins Y1 and Y5 must be enabled by initialising the internal digital output
DOT reset channel to high. The actuator supply device can be reset to the default state by
toggling the DOT reset low for at least 325 ms, while both of the output channels, Y1 and
Y5 are also set low.

Note

Severe faults (Monitor (severe short circuit), Monitor (severe short circuit), Monitor (ct),
Monitor (ct), Monitor (uv)) related to the actuator supply pins Y1 and Y5 are latched in
hardware and cannot be reset or cleared unless the output channels, Y1 and Y5, are
set low for at least 325 ms.
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4.6. ECU power — actuator supply monitors

The general purpose actuator supplies (pins Y1 and Y5) provide various monitors. Unless
specified otherwise, the diagnostic information is sampled at the fastest application task rate
of which one of the corresponding diagnostic inputs is read. If the internal digital output DOT
reset channel is set to low, then all the diagnostic inputs will read low.

Digital state monitors — The requested drive state monitors (channels Monitor (requested
state) and Monitor (requested state)) provide feedback of the output state requested by
the application. The output digital monitors (channels Monitor (d) and Monitor (d)) provide
feedback of the state actually output by the ASIC.

Fault mode presence monitors — The fault status monitor (channel Monitor (no fault))
is essentially a NOR operation of all other diagnostic monitors. If O, this indicates that
at least one of over-current, over-temperature, output connected to Vpyr, severe short-
circuit, open-load, over-voltage, or under-voltage is raised. The fail-safe output monitor
(channel Monitor (fail-safe disabled)) indicates that the device has gone into fail-safe mode.
If O, this indicates loss of SPI communication or loss of SPI supply voltage.

Over-current trip monitors — The over-current monitors (channels Monitor (ct) and Monitor
(ct)) indicate that the corresponding channel's current has gone out side the over-current
profile. The over-current profile is exceeded when the current is greater than 70A at any
point in time, or greater than 12A for longer than 17.2 milliseconds. Over stressing either
actuator supply may reduce the life of the ECU. The actuator supply is considered over
stressed if it sustains 10A for more than 50 ms. The application is responsible for ensuring
that the outputs are not routinely overstressed.

Short circuit monitors — The short-to-battery monitors (channels Monitor (sb) and Monitor
(sb)) indicate that the output pin is shorted to Vpywgr. This error is detected only while the
channel is in the off state. The severe short circuit monitors (channels Monitor (severe
short circuit) and Monitor (severe short circuit)) indicates if the output is shorted to ground.
If resistance of the load is so low that it is effectively a 1.828 mm (13 AWG) wire less than
170 cm in length, then the output will be immediately tripped off.

Open load monitors — The open-load-off monitors (channels Monitor (off ol) and Monitor
(off ol)) indicate that no load is attached when the pin is the off state. The open-load-on
monitors (channels Monitor (on ol) and Monitor (on ol)) indicate that no load is attached
when the pin is the on state.

Note

The open-load fault can occur unexpectedly. If the current flowing through the high-
side is very small, less than 500mA, then the device may detect this as an open
circuit fault even if no such fault is present.

Over-temperature warning — The over-temperature warning (channel Monitor (ot warning)
indicates that the output is experiencing temperatures that may result in an over-current
trip.

Voltage range monitors — The over-voltage monitor (channel Monitor (ov)) indicates that
Vpwr is above the over-voltage threshold, 39V. The fault remains active until Vpygr drops
below the over-voltage hysteresis threshold, 37.5V. The output pins will be disabled while
this fault is active. The under-voltage monitor (channel Monitor (uv)) indicates that Vpywr
is below the under-voltage threshold, 6V. The fault remains active while Vpyr is below the
under-voltage threshold.

Current monitors — The multiplexed current monitors (channels Monitor (c) and Monitor
(c)) are cyclically sampled every 150 milliseconds. The current monitors are valid when the
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outputs are turned on; if one of the actuator power channels is turned off, then the current
monitor will not be updated.

4.7. ECU power — sensor supply

The ECU provides a number of sensor power supplies (pins XG2, XH2+Z14, XJ2+Z8
and XK2+Y8) for use with some digital input signals and with ratiometric sensors (see
Section 4.12, “Analogue inputs — ratiometric measurement” for more).

Each sensor power supply has a corresponding return sensor ground (pins XG3, XH3+Z15,
XJ3+Z9 and XK3+Y9). The return for each sensor power supply is grounded internally to the
ECU so that the A/D conversion accuracy can be maintained. The return sensor grounds
must not be grounded in the wiring harness.

The sensor power supplies can be individually switched on or off using an internal digital
output (for example, see DOT disable to allow the application software to perform intrusive
diagnostics on sensors).

WARNING: All voltage references emit a pulse during reset so their values can't be relied
on during a reset.

Figure 4.3. Sensor supply
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4.8. ECU power — sensor supply protection

The sensor power supplies (pins XG2, XH2+Z14, XJ2+Z8 and XK2+Y8) include protection
circuitry to prevent damage. Protection includes over-current limitation of 400mA at 125°C
(nominal, but can be as low as 251mA or as high as 600mA), thermal shutdown by reducing
the output current (covering continuous short-to-ground) and protection against reverse
polarity (thermal shutdown does not operate during reverse battery). However, a sensor
power supply can be damaged by powering into a short-to-battery or short-to-ground.

Protection functions are not designed for continuous repetitive operation, which will reduce
the life time of the ECU components.
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4.9. ECU power — sensor supply monitors

Each sensor power supply is monitored by an internal analogue input channels (see Monitor
(v), Monitor (v), Monitor (v) and Monitor (v)) which can be used to check for electrical faults.

Table 4.3. Sensor supply monitor voltages

Voltage # Meaning

4.393 <V <= 5.000 | Output shorted to battery when sensor supply enabled or
disabled

4.363 <V <= 4.393 | Normal operation when sensor supply enabled

0.000 < V <= 4.363 | Output over-current or shorted to ground when sensor supply
enabled

& These voltages are based on absolute A/D counts (referenced to the ECU's internal 5V supply).

4.10. Analogue inputs

The analogue inputs (pins XB2, XB3, XC2, XC3, XD1, XD2, XE1, XG1, XJ1, XK1, Y19, Y31,
216,720, 221,724, 225,726, 227,228, Z32, 233, Z40, Z44, Z45, Z50, Z51 and Z52) sample
voltage with varying resolution and range. See the pin information for more details. Some of
the analogue inputs have additional characteristics, as detailed in the following sections.

Note

If any of the pins XL1, XL4, XM1, XM2, XM3, XM4, Y6, Y18, Y29, Y30, Y41, Y42 and
Y53 are not being used as digital outputs then it is possible for them to be used as
analogue inputs with a hominal range of OV to 38.33V and bias of 4V. Providing the
output transistor is switched off, the pin can be driven by an external source and pin's
voltage monitor will reflect the actual voltage on the pin.

4.11. Analogue inputs — relationship
between sensor supplies and inputs

The ECU sensor supply arrangement is shown in Figure 4.4, “VREF arrangement”. The figure
shows the relationship between the internal 5V reference supply and ground, the external
sensor supply and ground, and the analogue inputs.
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Figure 4.4. Vger arrangement
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The internal low precision 5V reference supplies the reference pin on the ADC. A high
precision 2.5V reference can be read on a direct (unscaled) ADC channel. This can be used
to calculate the true value of the 5V reference and subsequently used to improve accuracy
on all other channels (see Section 4.12, “Analogue inputs — ratiometric measurement”).

The exact supply voltage being produced can be monitored on a direct (scaled) ADC channel.
The sensor ground is a nominal 0V, but may be slightly above this due to voltage drop across
the protection device.

There are three sensor supplies relevant to analogue inputs (only one is shown in Figure 4.4,
“VREF arrangement”. For ratiometric analogue inputs, those sensors which generate a
voltage proportional to the supply voltage, it is preferable to attach the sensor to an analogue
input pin which a pull-up to the same sensor supply. Then if a sensor becomes disconnected,
the analogue input will default to a known out of range value.

For example, the following are two examples of potential problems when a sensor is supplied
from Vrepa but its input is pulled up to Vregg.

« An external fault on the Vrgpa output pulls its voltage down to some mid range value, say
2V, and then the sensor becomes disconnected — there is no way of knowing if the value
of 2V read from the sensor input is the actual output of the sensor or the effect of the pull

up to Vgers.

» A short-to-battery occurs on Vregg, the sensor is now being pulled up to 12V or 24V instead
of 5V, and more current is flowing in the pull up. This excessive current may be enough to
overcome the output of the sensor and lead to a false high reading.

The analogue inputs are grouped by pull-up resistors to sensor supplies as detailed in
Table 4.4, “Association of sensor supplies and analogue inputs”.
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Table 4.4. Association of sensor supplies and analogue inputs

Sensor supply |Analogue inputs

VRrera |Pins XB2, XK1, Y31, Z21 and 224

VREFB Pins XB3, XJ1, Z20 and Z25

Pins XC3, XD1, XG1, Y19, 7226, Z40, Z44, Z45 and Z51

VREFC

4.12. Analogue inputs — ratiometric
measurement

4.13

Ratiometric sensors are read in as a ratio between the sensor and reference voltages (Vgens/
Vief). Correction is only required on channels for which an absolute voltage measurement
is required. Correction is not required for sensors supplied from the 5V sensor supply and
which produce an output that is ratiometric to the supply.

To read a variable sensor which is an absolute referenced sensor (Vgens/Vabs) the Vs for
the ADC requires correction:

Vsense . V;"ef

Vabsolute =
2-Vas

Where Vgense is the A/D conversion for an external pin, Ve is the A/D conversion for the
corresponding sensor supply voltage monitor (one of Monitor (v), Monitor (v), Monitor (v),
Monitor (v)), and Vs, 5 is the A/D conversion for internal channel AIN +2.5V.

Analogue inputs — temperature, RTD

The Resistance Temperature Detector (RTD) inputs (pins XD1, Z26, Z40 and Z44) provide
support for PT-100 like sensors, a platinum RTD that measures 100R at 0°C. The RTD inputs
provide an accuracy of +10°C and resolution of 1°C over the temperature range -40°C to
+900°C. The input pins have an amplifier to increase the sensitivity for the RTD's low-voltage
signal. The conversion from input voltage, Vapc, to temperature Tsensor, IS nearly linear,
but is better represented in table form.

Table 4.5. RTD temperature conversion

Tsensor | Rsensor Vabc Tsensor | Rsensor Vabc

°C Ohms mV °C Ohms mV

-50 80 342 40 116 491

-45 82 351 45 117 499

-40 84 359 50 119 507

-35 86 367 55 121 515

-30 88 376 60 123 524

-25 a0 384 65 125 532

-20 92 392 70 127 540

-15 94 401 75 129 548

-10 96 409 80 131 556

-5 98 417 85 133 564

0 100 426 a0 135 572
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Tsensor | Rsensor Vabc Tsensor | Rsensor Vabc

°C Ohms mV °C Ohms mV
5 102 434 95 137 580
10 104 442 100 139 588
15 106 450 105 140 596
20 108 458 110 142 604
25 110 467 150 157 667
30 112 475 200 176 744
35 114 483

4.14. Analogue inputs — temperature,
thermistor

The thermistor inputs (pins XC3, XG1, Y19, Z45 and Z51) have a standard circuit with pull-
up bias, with an accuracy of £2°C and resolution of 1°C over the temperature range -40°C to
+150°C. The use of a particular thermistor may require implementing a build option to ensure
the sensitivity of the circuit to the temperature of interest.

4.15. Analogue inputs — temperature,
internal

The ECU has an internal thermistor temperature sensor. The conversion from input voltage,
Vapc, to temperature, Tsensor, IS hon-linear. Table 4.6, “Internal temperature conversion”
provides nominal, median values; the minimum and maximum are within £10% from -40°C
and up, and £5% above 95°C.

Table 4.6. Internal temperature conversion

Tsensor Vabpc Tsensor Vabpc
°C \% °C V
-55 0.0256 50 1.8388
-50 0.0366 55 1.9267
-45 0.0525 60 2.0037
-40 0.0720 65 2.0708
-35 0.0989 70 2.1282
-30 0.1343 75 2.1795
-25 0.1783 80 2.2222
-20 0.2332 85 2.2601
-15 0.3016 90 2.2918
-10 0.3834 95 2.3187
-5 0.4774 100 2.3431
0.5861 105 2.3626
0.7070 110 2.3797
10 0.8364 115 2.3956
15 0.9719 120 2.4078
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4.16.

Tsensor Vabc Tsensor Vabc
°C V °C V
20 1.1111 125 2.4188
25 1.2503 130 2.4286
30 1.3846 135 2.4371
35 1.5128 140 2.4444
40 1.6325 145 2.4505
45 1.7411 150 2.4554

Analogue inputs — pedal and throttle

position

4.17.

The ECU provides pedal position inputs (pins Z27 and Z28) and throttle position inputs (pins
Z20 and Z21) which are available to the primary and secondary processor (see Section 4.54,
“Secondary processor” for details on the secondary processor). The intent is two fold:

» Redundant sensors — The two pedal position sensors should have different offsets
and gains so that the application can redundantly check the position voltages correlate.
Similarly for the throttle sensors.

» Cross monitoring — Where both processors can derive information based on the same
pedal position, and cross check the other processor for expected behaviour. Similarly for
the throttle sensors.

There are two further throttle position inputs (pins XC2 and XD2) which are available to the
primary processor only.

Analogue inputs — crank, VR

The crank input (pins Y32+Y33) provides input circuitry suitable for a differential or single-
ended Variable Reluctance sensor. A VR sensor produces a quasi sine wave output in
which the zero-crossing point (in one direction) indicates the center of a toothed wheel. The
conditioning circuitry amplifies the VR signal, determines an adaptive threshold used in noise
reduction, and determines zero crossings representing the center of teeth.

» Once the VR input signal voltage rises above an adaptive threshold, the zero crossing
comparator is armed. Arming the comparator this way provides robust noise immunity to
the input VR signal, preventing false triggers from occurring due to a broken tooth or an
off-center tooth wheel.

» The peak threshold level is set to a third of the peak of the previous cycle of the input VR
signal. As the sensor signal peak voltage rises, the adaptive peak threshold voltage also
increases by the same ratio. Similarly as the signal peak voltage falls. If the input signal
voltage remains lower than the adaptive peak threshold for more than 85 milliseconds,
an internal watchdog timer drops the threshold level to a default minimum threshold. This
ensures pulse recognition recovers even in the presence of intermittent sensor connection.

» Once armed, the zero crossing detection logic generates a digital edge on the next falling
(positive-to-negative) zero crossing point of the VR signal. The zero-voltage level of the
VR sensor signal corresponds to the center of the tooth and is the most reliable marker
for position/angle-sensing applications.

The VR input circuitry introduces a phase offset as an artifact of signal filtering. The phase
shift causes the digital edge representing the tooth center to occur some time after the actual
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tooth center. The time between the digital tooth edge and the actual tooth center increases
as the frequency of the input signal increases. At 10,000 RPM that delay is approximately
half a degree of crank angle.

The peak-to-peak voltage range for each VR input varies with temperature. The following
voltage limits are with full power loading of the outputs. The voltage limits will be higher with
lighter load conditions.

Table 4.7. VR input voltage range

Operating | Input voltage range
temperature

-40°C to +85°C [+100mV to +200V peak sine wave voltage
-40°C to 105°C|+100mV to £157V peak sine wave voltage

Pins Y32+Y33 are suitable for a differential VR sensor. Pin Y32 is suitable for a single-ended
VR sensor when pin Y33 is connected to ground. A single-ended VR sensor may benefit
from connecting pin Y33 to ground near the sensor. Connecting Y33 to chassis ground may
introduce detrimental noise or voltage shift present on the chassis.

When using a VR sensor for crank, the application must drive the internal digital output DOT
select Hall-effect for pins Y32+Y33 low. The crank input can be connected to a Hall-effect
sensor, see Section 4.23, “Digital inputs — crank and cam, Hall-effect” for more.

Note

The M670 hardware is optimised for Hall-effect sensors as the standard build option.
When using a VR crank sensor, the M670 should be ordered with the VR crank sensor
build option.

4.18. Analogue inputs — knock

The ECU uses the HIP-9011 device for processing the signal from a knock sensor. It contains
one such device, which can be configured to select from either of two possible differential
signal sources, pins Z48+Z749 or pins Y51+Y52.

A simplified view of the knock signal processing stages is given in the following block diagram:

Figure 4.5. Knock signal processing for the HIP901x family of

processors
differential > - c
—» O oL
knock transducer » + g " g 3
g% > & “é, 5| Adustable
TS S5 gain stage
» o .g L]
differential - © 5®©
—>» 5
knock transducer »| +
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» ) .
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» The knock signal to process is first selected from two differential inputs. The device
responsible for detecting knock can process just one sensor at a time.

e The knock signal is then passed through a 3" order anti-aliasing filter. This filter is required
to have no more than 1dB attenuation at 20kHz (highest frequency of interest) and a
minimum attenuation of 10dB at 180kHz.

» The knock signal is then passed through a gain stage to compensate knock energies if
needed.

» The knock signal is then passed through a band-pass filter to detect the frequencies of
interest. The filter frequency is established by the characteristics of the particular engine
and transducer.

» The knock signal is then passed through a full wave rectifier before being passed into an
integrator stage, the output of which can be monitored for knock. Integration is towards the
positive supply when a knock signal is present.

The result of the knock processing can be measured through the channels associated
with either the Z48+Z49 or Y51+Y52 channel as appropriate, using the dedicated knock-
processing application interface as described in detail in the User Guide. The interface also
allows the band-pass filter frequency, gain and integration time constant to be configured by
the application.

Single-ended knock sensors may be used with the M670. For single ended knock sensors,
the signal wire can be connected to Z49 or Y52. Pins Z48 and Y51 should be left
unconnected.

4.19. Analogue inputs — multiplexing

The ECU uses multiplexers to accomodate the large quantity of diagnostic analogue signals.
The multiplexers extend the number of analogue input pins on the primary processor. Whilst
scanning the analogue inputs, the processor selects a multiplexer device and channel, lets
the selection settle, then samples the input.

« One multiplexer device is assigned to the following channels: AIN +12.5V, XC3, Monitor
(v) (for pin X11), Monitor (v) (for pin Y18) and Monitor (v) (for pin Y29).

» The other multiplexer device is assigned to the following channels: AIN +5.0V, AIN PCB-
temp, Monitor (v) (for pin XM1), Monitor (v) (for pin Y41) and Monitor (v) (for pin Y53).

The multplexed inputs are less accurate than others. The inaccuracy is caused by a leakage
current through the multiplexer, showing up as a voltage offset at the A/D converter. Current
leakage will vary part-to-part, over temperature and over life.

4.20. Analogue outputs

The analogue outputs (pins XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7) drive a constant
current into an external load.

4.21. Analogue outputs — constant current
(switching)

The constant current outputs (pins XD4, XL2, Y7,Y10, Y13,Y16, Y17 and Z7) are a collection
of digital low-side outputs driven by a programmable current control pre-driver. With a low-
side output, the ECU switches the output pin to ground, the load is connected to the output
pin and Vpygr- These outputs are designed to drive proportional solenoid valves.
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Figure 4.6. Switching arrangement for constant current outputs
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Closed loop control
The pre-driver switches an output to ground at a constant frequency with a variable
duty cycle. The desired set point is maintained by a Pl control loop within the pre-driver
that continuously adjusts the duty cycle. The PI controller gain values KP and Kl are
configurable by the application and are independently set for each output (see the Sim-
API pax_CcConfigTle8242 block and C-API pax_cc_confi g_t| e8242() function).

Care must be taken in selecting appropriate KP and Kl values to prevent damage to the
solenoids. If the application does not provide KP and Kl values, then the platform will use

default values of zero. When KP and Kl are set to zero, the duty cycle will remain at zero
and the output will not sink current. The following diagram describes the control loop.

Figure 4.7. Control diagram for constant current outputs

Current Controller Load

Output
Setpoint + - Current
KT BAT
R(s} EP'+— > . > Cis)
& R:en:e_‘-‘re( _'_L( *3
Feedback
1 -+

Triangular dither
Dither is useful in some applications to reduce mechanical hysteresis and stiction.

A triangular dither waveform can be superimposed on the current set point for
each constant current output. The dither waveform is configured by the application
independently for each output.
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Figure 4.8. Dither waveform for constant current outputs
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Automatic zeroing

The constant current pre-driver supports an auto-zero feature for each output (see the
Sim-API pax_CcAutozeroTle8242 block and C-API pax_cc_aut ozero_t| e8242()
function). The auto-zero sequences can be run when the current set point is zero. The
auto-zero sequence observes the measurement offset and stores the result internally.
The offset is automatically applied to the current measurement until the device is reset or
the auto-zero sequence is repeated. The device is capable of retaining offsets for each
channel, but can only carry out the offset measurements for one channel at a time.

The application is responsible for setting the output set point to zero, allowing settle
time, and initiating the auto-zero sequence. Since the auto-zero sequence can only be
executed for one output at a time, the application is also responsible for sequentially
zeroing the desired outputs.

Current monitoring

The constant current output pre-driver is capable of reporting current measurement
for one output at any given time (see the Sim-APl pax_CcReadCurrentTle8242
block and the C-API pax_cc_sel ect _nmeas_chan_t1e8242() and
pax_cc_read nmeas_chan_t| e8242() functions). The pre-driver must continuously
measure current for use in the control loop for each output but this information is not
actively reported to the primary processor. Application interfaces are provided to select
an output for current measurement and retrieve the current measurement data. If the
output is configured with dither, then the measurement will be updated at the end of a
complete dither cycle and minimum, maximum, and average current measurements will
be reported for the dither cycle.

Driver protection
Each constant current pin individually detects short-to-battery, short-to-ground and open-
load fault conditions. See Section 4.33, “Digital outputs — monitors (conditioned)” for
further details.

Phase synchronisation
The PWM control signals of each constant current output channel can be synchronised
with the internal DOT sync-phase digital output. The delay between the rising edge of the
phase sync digital output and the PWM signal is individually configured for each output.

Note

If any of the pins XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7 are not being
used as constant current outputs then it is possible for them to be used as
digital PWM outputs. When used in PWM mode, do not configure the pin for
constant current mode using either the Sim-API pax_CcConfigTle8242 block or C-API
pax_cc_config tle8242() function.
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Warning

Connecting any of the constant current outputs directly to Battery +ve will greatly
increase quiescent current and may not allow the ECU to turn off.

4.22. Digital inputs

The digital inputs (pins XF3, XG4, XH4, Y14, Y15, Y20, Y21, Y32+Y33, Y34, Y43, Y46, Z12
and Z13) sample a digital state, allowing the measurement of switches or pulsing inputs. See
the pin information for more details. Some of the digital inputs have additional characteristics,
as detailed in the following sections.

The inputs are not inverted. Below 1.6V, the input reads low; above 3.6V the input reads high.

To support a variety of sensors, the ECU is pre-populated with a default selection of inputs
with varying voltage thresholds and pull strengths. In some cases, the default selection will
not meet the requirements of all customers. To help, Pi can modify the ECU PCB component
population to adjust these characteristics as build options. Contact Pi for further information.

Note

The external signals are all low pass filtered to prevent signals of excessive frequency
from tying up the target processor.

4.23. Digital inputs — crank and cam, Hall-
effect

The crank and cam inputs (pins XG4, XH4, Y14, Y15 and Y 32) provide input circuitry suitable
for Hall-effect sensors. A Hall-effect sensor produces a square wave output between Vgnp
and Vpwr, in which the change of state (in one direction) indicates the start of a crank or
cam trigger wheel tooth.

The input circuitry voltage threshold is fixed at a little over 2V. The falling edge provides the
tooth indication by default.

Some Hall-effect sensors may benefit from an external pull up resistor. If the sensor is an
open drain type that needs to operate above some frequency (1kHz for cam inputs, 30kHz
for crank inputs), it would benefit from a change to a pull value or a change in ESD capacitor.
Pi can accomodate this through a build option.

When using a Hall-effect sensor for Y32+Y33, the application must drive the internal digital
output DOT select Hall-effect high. The crank input can be connected to a VR sensor, see
Section 4.17, “Analogue inputs — crank, VR” for more.

Note

The crank sensor inputs (pins Y32+Y33) are inverted in hardware, but the OpenECU
developer software is configured for the polarity of the microcontroller pin, not the
connector pin. Therefore, when configuring your crank wheel you must use falling-edge
detection when you would like to use the rising edge of your sensor. Likewise, select
rising-edge detection when you would like to use the falling edge of your sensor.
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Note

When using a Hall-effect sensor, the falling edge of the sensor will provide more
accurate and repeatable edge detection. Since the crank sensor signal is inverted in
hardware, you should configure your crank wheel to use rising edge detection for the
most accurate edge detection. The default edge detection is falling-edge.

4.24. Digital inputs — frequency
measurement

The ECU measures a signal frequency and duty cycle by capturing the time of the signal's
filtered digital edges arriving at the processor. The time between similar edges gives the cycle
period of the signal, and the inverse of the cycle period gives the frequency of the signal. The
time between opposing edges gives the on and off periods, and the ratio of either the on or
off period to the cycle period gives the corresponding on or off duty cycle.

Figure 4.9. Frequency measurement
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The filtered digital edges for each input pin are captured relative to a digital timer. The digital
timer has two properties that affect the measurable range of frequency.

Timer frequency
Each timer counts at a fixed frequency. When the state of the filtered digital signal
changes (an edge occurs), the timer count is captured. If the state of the filtered digital
signal changes between timer counts, then the measured frequency is quantised and
less accurate. The resolution of the measured frequency can be calculated as:

Fr

Fr _
Fs 1

7FS

where Fr is the timer frequency and Fg is the signal frequency.

Note that as the signal frequency increases, the measured resolution decreases. For
instance, with a 1000 Hz input signal and 4 MHz timer, results in a resolution of
approximately 0.25 Hz. A 10000 Hz input signal and 4 MHz time, results in a resolution
of appoximately 25 Hz.

Pins XF3, XG4, XH4, Y14, Y15, Y20, Y21, Y32+Y33, Y34, Y43, Y46, Z12 and Z13 use
a 4.125 MHz timer for frequency inputs, and pins Y20, Y21 and Y43 can be adjusted to
use a 8.25 MHz or 16.5 MHz timer.
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4.25

4.26

4.27

Timer size
Each timer is free running, meaning the timer is incremented modulo N, where N is the
size of the timer. The larger N, the longer a signal cycle period that can be measured.
Thus the size of the timer limits the lowest frequency that can be measured. The user
guide documentation indicates measurement frequency ranges.

Digital inputs — quadrature

The M670 decodes quadrature inputs using two timer/capture devices on the primary
microcontroller. To properly decode the quadrature inputs, both quadrature channels must
go to the same microcontroller device.

The following inputs are routed to device 0: XF3, Y14, and Y32.
The following inputs are routed to device 1: XG4, XH4, and Y15.

Digital inputs — SENT

Pins XA1, XA2, XA3, XA4, XF3, XF3, XG4 and XH4 provide support for SENT sensors. To
use the SENT channels, see the C-API or Sim-API User Guide for further details.

Digital outputs

The digital outputs (pins XB1, XE3, XL1, XL3, XL4, XM1, XM4, Y6, Y18, Y29, Y30, Y37, Y38,
Y39, Y40, Y41, Y42, Y44, Y45, Y49, Y50, Y53, Z6, Z17, Z18, Z29, Z30, Z31, Z36, Z37, Z38,
239,741, Z42,Z43 and Z53) are a collection of low-side and high-side drivers, and described
in further detail in the following sections.

When the application starts, the application must enable various devices to achieve full
functionality.

» Each set of banked outputs on pins Y18, Z1, Z6, Z18, Z30 and Z42 (bank A) and Y53, Z5,
Z17, Z29, Z41 and Z53 (bank B) has an internal digital output (see DOT enable for bank
A). Each digital output must be asserted to enable injections on each respective bank.

e The same set of banked outputs have fault detection for loss of clock, short-to-battery,
short-to-ground, and boost overcurrent which will disable injections. Each bank has internal
digital outputs (see DOT reset clock bank A and DOT reset-fault bank A) These digital
outputs must be actioned twice over consecutive application loops, to enable injections on
each respective bank.

* For M670B and M670N variants, the same set of banked outputs have software
configurable waveforms, see Section 4.35, “Digital outputs — waveform control”. Each
output must be configured to enable injections.

» The low-side outputs and constant current outputs have a combined internal digital output
named DOT enable. The digital output must be asserted to enable these outputs.
Warning

If the application does not enable these low-side outputs, then the flash code output
(pin Y28) will not work during application mode.

4.28. Digital outputs — low-side

With the low-side outputs (pins XB1, XD4, XE3, XL1, XL2, XL3, XM1, Y6, Y7, Y10, Y13, Y16,
Y17,Y18, Y29, Y37, Y38, Y39, Y40, Y41, Y44, Y45, Y49, Y50, Y53, Z6, Z7, Z17, Z18, Z19,
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729,730, 731, 736, 237, 238, Z39, Z41, Z42, 743 and Z53) the ECU switches the output pin
to ground, the actuator is connected to the output pin and either to one of the ECU's high-
side actuator pins, or to Vpyg-

Figure 4.10. Switching arrangement for low-side digital outputs

VPWR

—O

LOAD

switch control from blockset o |\ .
(e.g., from digital output block)

VGND

Internal to ECU External to ECU

The lower current low-side outputs (pins XB1, XE3, XL3, Y28, 719, Z31, Z36, Z37, Z38, Z39
and Z43) are protected against over-voltage up to 24V. These outputs have recirculation
diodes to Vpywgr and can drive inductive loads at a maximum rate of 100 Hz.

Warning

A subset of the lower current low-side outputs (pins XB1, XL3, Y28, 231, Z36, Z37,
738, Z39 and Z43) are vulnerable to short-to-battery in 24V systems. Over-current fault
status is one symptom of a battery short. The application must avoid activating these
low-side outputs once a battery short is known.

The higher current low-side outputs (pins XL1, XM1, Y6, Y18, Y29, Y41 and Y53) are capable
of driving actuators of 10 mH up to 1 kHz PWM, of 1mH between 1 kHz to 5 kHz, and of 500
uH between 5 kHz and 10 kHz.

The low-side “smart ignition” outputs (pins Y37, Y38, Y39, Y40, Y44, Y45, Y49 and Y50) are
described in detail in Section 4.42, “Digital outputs — ignition”.

Each low-side output has an associated high-side output. It is important to adhere to the
association otherwise the ECU may generate an incorrect voltage on a high-side pin,
or the ECU may turn on unexpectedly, or the ECU may remain powered on when the
application attempts to shutdown. See Section 4.30, “Digital outputs — high-side to low-side
assocations” for details.

4.29. Digital outputs — high-side

With the general high-side outputs (pins Y1 and Y5), the ECU switches the output pin to
Vpwr, the actuator is connected to the output pin and Vgnp.
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Figure 4.11. Switching arrangement for high-side digital outputs
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The high-side supply pins Y1 and Y5 must be enabled by driving the internal digital output
DOT reset channel high. The device controlling the high-side supply pins can be reset to
the default state by toggling the DOT reset low for at least 325 ms, while both of the output
channels, Y1 and Y5, are also set low.

Each low-side output has an associated high-side output. It is important to adhere to the
association otherwise the ECU may generate an incorrect voltage on a high-side pin,
or the ECU may turn on unexpectedly, or the ECU may remain powered on when the
application attempts to shutdown. See Section 4.30, “Digital outputs — high-side to low-side
assocations” for details.

There are two further high side outputs (pins Z1 and Z5) dedicated to the injector outputs

(pins Z6, Z17, 718, Z29, Z30, Z41, Z42 and Z53). Further details can be found in section
Section 4.36, “Digital outputs — injection variants”.

4.30. Digital outputs — high-side to low-side
assocations

Due to internal circuitry, such as clamping and recirculation diodes, heat dissipation and
safety, low-side outputs must be connected to the following high-side outputs:

Table 4.8. Required high-side to low-side association

High-side |Low-sides

Vpwr | Pins XB1, XE3, XL1, XL2, XL3, XM1, Y6, Y28, Y29, Y41, Z7, Z31,
736, 237, 238, Z39 and Z43

Pin Y1|Pins Y7, Y13, Y17 and Y18
Pin Y5|Pins XD4, Y10, Y16 and Y53
Pin Z1|Pins Z6, Z18, Z30 and 242
Pin Z5|Pins Z17, Z29, Z41 and Z53
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Warning

Failure to adhere to the high and low side arrangement, may result in the incorrect
voltage on a high-side pin, or the ECU turning on, or the ECU remaining powered on
when the application attempts to shutdown.

4.31. Digital outputs — leakage current

The digital outputs contain internal monitoring circuitry that provides diagnostic information
(see Section 4.32, “Digital outputs — monitors (unconditioned)” and Section 4.33, “Digital
outputs — monitors (conditioned)”). As a consequence a small leakage current will flow
through the actuator when the output driver is turned off. Refer to Table 4.9, “Digital output
leakage current (room temperature)” for typical leakage currents at specified operating
voltages. When the ECU is turned off, the leakage current will be much less.

Table 4.9. Digital output leakage current (room temperature)

Output| Supply voltage |Typical leakage
type Vv current
mA
H-bridge, 4A, 6A/4A and 8A outputs 12 0.6mA
H-bridge, 4A, 6A/4A and 8A outputs 24 1.3mA
0.2A and 0.5A outputs 12 0.012mA
Spark outputs 12 0.128mA
Spark outputs 24 0.271mA
Constant current outputs 12 0.225mA
Constant current outputs 24 0.225mA
Injector outputs (set to internal biasing) 12 13mA

4.32. Digital outputs — monitors
(unconditioned)

The low-side and high-side digital outputs contain a mixture of monitoring circuitry that
provides unconditioned diagnostic information that can be used for electrical diagnostics,
such as current, state and voltage monitors. These monitors are available to the application
as individual analogue inputs and digital inputs.

» Current — current monitors are provided for pins XL4, XM4, Y1, Y5, Y30 and Y42. The
monitors provide a current reading for actuator supplies and H-bridge functions.

» Current-trip — current-trip monitors are provided for pins XB1, XG2, XH2+Z14, XJ2+Z8,
XK2+Y8, XL1, XL3, XL4+XM4, XM1, XM2+XM3, Y1, Y5, Y6, Y18, Y28, Y29, Y30+Y42,
Y37,Y38, Y39, Y40, Y41, Y44, Y45, Y49, Y50, Y53, Z1+Z5, Z31, Z36, 237, Z38, Z39 and
Z43. When any of these digital outputs goes over-current, the output is latched off and the
current-trip is asserted (active low). The application must clear the latch before the output
can be turned on again.

 Drive state — digital output state monitors are provided for pins Y1 and Y5. Drive state
monitors provide the driven state, on or off, of an output pin or an internal function of the
ECU.
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» Requested drive state — digital output requested state monitors are provided for pins XB1,
XL3, Y1, Y5, Y28, 731, 736, Z37, 238, Z39 and Z43. Requested state monitors provide
the commanded driven state, on or off, of an output pin or an internal function of the ECU.

» Voltage — voltage monitors are provided for pins , XG2, XH2+Z14, XJ2+Z8, XK2+Y8,
XL1, XL4, XM1, XM2, XM3, XM4, Y3+Z22+Z4, Y6, Y18, Y29, Y30, Y41, Y42 and Y53. The
monitors provide a voltage reading of ECU supply, sensor supply, injector boost power
supply and H-bridge circuits.

Note

If any of the pins XL1, XL4, XM1, XM2, XM3, XM4, Y6, Y18, Y29, Y30, Y41, Y42
and Y53 are not being used as digital outputs then it is possible for them to be used
as analogue inputs with a nominal range of 0V to 38.33V and bias of 4V. Providing
the output transistor is switched off, the pin can be driven by an external source and
pin's voltage monitor will reflect the actual voltage on the pin.

These monitors can be used by the application to determine electrical faults. For instance, if
a digital output is turned on but the corresponding state monitor reads off, then there is likely
a short or open in the circuit.

4.33. Digital outputs — monitors
(conditioned)

Some digital outputs are driven using integrated devices which provide conditioned electrical
diagnostics. The results of these diagnostics, such as short-to-ground, are available to the
application as individual digital inputs.

The platform samples diagnostic monitors in groups. If a monitor is asserted, then the
corresponding digital input is latched until read by the application. If a monitor is not asserted,
then the corresponding digital input is not overwritten. When the application reads one of
the digital inputs, the monitor state is provided to the application and the latch cleared. This
latching technique allows each diagnostic monitor in a group to be read at different application
rates.

Integrated circuit faults
Some general faults are reported by the integrated circuits. These faults describe the
state of the integrated circuit and may affect one or more of the output pins that are driven
by the integrated circuit.

Under-voltage V¢ (Monitor VCC UV) and Under-voltage Vpp (Monitor VDD UV) — An
under-voltage fault will be set if the IC detects an under-voltage on the internal 5V power
supply. Applicable to pins XB1, XL3, Y28, 731, 7236, 237, Z38, Z39 and Z43.

Reset monitor (Monitor reset) — Indicates that the IC has been reset. Applicable to pins
XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7. Unexpected resets of this IC will result in a
loss of any previously zeroed measurement offsets.

Enable monitor (Monitor enable) — Indicates that the IC enable pin was low. Applicable
to pins XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7. The enable pin should only be low
following a reset of the ECU. In any other event, this may indicate an under-voltage on
the internal 5V supply.

Fault present (Monitor fault) — Indicates that at least one output is faulted. Applicable to
pins XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7. Unlike the detailed fault data, this is a
physical digital input to the primary processor.
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Fault filter time
The fault filter time Tg 1 for pins XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7 is 11.6
microseconds. The fault filter time for pins XB1, XL3, Y28, 231, 736, 237, Z38, Z39 and
Z43 is 150 microseconds.

Low-side output diagnostics
Short-to-battery faults for low-side outputs can be detected when the transistor gate is in
the on (closed) state. If a short is detected, then the output will be turned off to prevent
damage to the hardware. Pins XD4, XL2, Y7, Y10, Y13, Y16, Y17 and Z7 will return to
normal operation after 240 PWM periods have elapsed. Pins XB1, XL3, Y28, Z31, Z36,
737, 738, Z39 and Z43 will return to normal operation as soon as the fault information
has been made available to the application.

Figure 4.12. Short-to-battery diagnostics for low-side digital outputs
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Short-to-ground and open-load gate-off faults for low-side outputs can be detected when
the transistor gate is in the off (open) state. If both short-to-ground and open-load gate-off
diagnostics are available, then the fault condition is differentiated with a bias voltage. The
output must be turned off and allowed to settle to correctly evaluate the fault condition
once either fault is detected.

Figure 4.13. Short-to-ground diagnostics for low-side digital outputs
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Figure 4.14. Open-load gate-off diagnostics for low-side digital
outputs
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Open-load gate-on diagnostics are only applicable to constant current outputs (pins XD4,
XL2, Y7, Y10, Y13, Y16, Y17 and Z7) that are configured in constant current mode.
Open-load gate-on faults are detected by counting the number of PWM periods during
which the output duty cycle is at 100%. If 64 consecutive PWM periods are observed
with a 100% duty cycle, then the fault becomes active.

Figure 4.15. Open-load gate-on diagnostics for low-side digital
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4.34. Digital outputs — driver over-current
protection

Some digital outputs (pins XB1, XG2, XH2+Z14, XJ2+Z8, XK2+Y8, XL1, XL3, XL4+XM4,
XM1, XM2+XM3, Y1, Y5, Y6, Y18, Y28, Y29, Y30+Y42, Y37,Y38, Y39, Y40, Y41, Y44, Y45,
Y49, Y50, Y53, 731, 7236, 237, 238, Z39 and Z43) can be monitored for over-current events.
The over-current trip state of an output pin is monitored using a corresponding internal over-
current monitor channel. In normal operation the internal over-current trip channel will be
one. If the output channel experiences an over-current, the output channel will be forced off
by the ECU and the over-current trip channel will read low.

The over-current trip latch can be cleared and the tripped outputs enabled by the
pss_OvercurTripReset Simulink block or by calling the pss_overcur_trip_reset() C-API
function.
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Note

To help component heat dissipation and to help prevent component stress, the platform
software ensures there is at least 50ms between each request to clear the over-current
trip latches.

4.35. Digital outputs — waveform control

The ECU provides control over the current and voltage waveform for various outputs (pins
Y18, Y53, Z1, Z5, 76, Z17, 718, 729, Z30, Z41, Z42 and Z53). The controlling output pulse,
from a digital output or PWM output, gives the overall pulse width, Ts. The width is split into
three distinct current hold stages:

Figure 4.16. Three stage, boosted

Off
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Current
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Time

The desired hold current for a stage is specified by C,,. For each stage, the application can
select between Vpyr Or VeoosT, Where Vgoost can be controlled to an application set point
between 45V and 65V. The higher boost voltage is typically used to energise a coil quickly,
thus providing fine control over short digital pulses.

Note

The switching strategy used to maintain the hold current (C,) uses the nominal value of
each component in the measurement circuitry to determine the switching thresholds.
Therefore, the actual hold currents may vary slightly from the set current. If your
application requires the switching thresholds to be set differently, Contact Pi for further
information.
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Each stage is split into an on and a switch part. The on part attempts to drive the actuator to a
hold current for a time defined by the application before switching to the next stage (the width

of the last stage is controlled by Ts). A minimum time between pulses must be observed by
the application, T-.

The application can select two stage boosted operation:

Figure 4.17. Two stage, boosted
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or apply Vgoost as the second stage (e.g., to pre-energise a solenoid for a more robust
action):

Figure 4.18. Three stage, boosted, pre-energise
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In the previous examples, each stage holds the current. The M670 also supports an
immediate switch to the next phase when the desired current is reached.
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Figure 4.19. Three stage, boosted, immediate switch
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In these cases, the application specified time for the stage is used as a timeout when the
desired current can never be reached.

The M670 supports non-boosted operation:

Figure 4.20. Two stage, no boost
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and supports saturating actuators that require a single stage:
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Figure 4.21. One stage, no boost
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4.36. Digital outputs — injection variants

Different ECU variants support different injector types as build options:

ECU

Build option

M670B

injectors.

Non-overlapping, boosted and non-boosted, peak and hold solenoid

Covered by Section 4.37, “Digital outputs — injection”, Section 4.38,
“Digital outputs — injection driver protection” and Section 4.39, “Digital
outputs — injection monitors”).

M670N

Overlapping non-boosted peak and hold solenoid injectors.
Section 4.40, “Digital outputs — injection variant, M670N” describes the
differences between the M670B and M670N.

M670S

Overlapping saturating solenoid injectors.
Section 4.41, “Digital outputs — injection variant, M670S” describes the
differences between the M670B and M670S.

Table 4.10, “Differences between the M670B, M670N and M670S variants” details the
differences between the M670B, M670N and M670S variants. The only differences relate to
injector channels. All other channels are the same across variants.

Table 4.10. Differences between the M670B, M670N and M670S variants

Pins

Boosted peak and hold
a

M670B

Non-boosted peak and
hold
M670N

Saturating
M670S

Z6
Z17

Z18
Z30
742
Z29
741

— Current controlled PWM
with boost voltage drive

— 76, 7218, 730, 742
driven from injector high-
side Z1

— 717,729, 741, 753
driven from injector high-
side Z5

Not connected, use pins
Y18 and Y53 instead

— Current controlled,
PWM control

— 15A maximum
controlled current

— Saturating (hon-current
controlled), PWM control
— 76, 718, 730, 242
driven from injector high-
side 71

— 717,729, 741, 753
driven from injector high-
side Z5
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Pins

Boosted peak and hold
a

M670B

Non-boosted peak and
hold
M670N

Saturating
M670S

Z53

— 65V boost (up to 120W
capable), 25A peak, 15A
hold maximum controlled
current

— 60A drive-from-boost
over-current trip on the
high-sides

— 30A drive-from-battery
over-current trip on the
high-sides

— Each bank of four
injector may only drive
one injector at a time

— Each bank may overlap
injector drive with the
other bank

— 718, 7230, Z42 driven
from injector high-side Z1
— 729, 741, 753 driven
from injector high-side 25
— 30A over-current trip on
the high-side outputs

— All injector channels
may overlap

— 3A per channel nominal
current capability

— 6A shared over-current
trip on each pair of
channels

— 30A over-current trip on
the high-side outputs

— All injector channels
may overlap

Y18
Y53

— Current controlled,
PWM control

— 6A peak, 4A hold
maximum controlled
current

— Driven from general
high-sides Y1 and Y5
respectively

— 7.5A low-side over-
current trip

— Both channels may
overlap

— Current controlled,
PWM control

— 6A peak, 4A hold
maximum controlled
current

— Driven from general
high-sides Y1 and Y5
respectively

— 7.5A low-side over-
current trip

— 30A over-current trip on
the high-side outputs

— All injector channels
may overlap

— Not separately available

— Current controlled,
PWM control

— 6A peak, 4A hold
maximum controlled
current

— Driven from general
high-sides Y1 and Y5
respectively

— 7.5A low-side over-
current trip

— Both channels may
overlap

4.37

& Note: injector drive profiles must be set up with some drive-from-boost time. A M670B should not be used if
application injectors do not drive from boost.

Digital outputs — injection

The injector control pins (Y18, Y53, Z1, Z5, Z6, Z17, Z18, Z29, Z30, Z41, Z42 and Z53) are
capable of driving software configurable peak and hold current waveforms through solenoid
based injectors and valves. There is one adjustable voltage boost power supply shared
between two independently controlled banks (bank A Y18, Z1, Z6, 218, Z30 and Z42 and
bank B Y53, Z5, Z17, Z29, Z41 and Z53). Each bank is capable of driving four boosted peak
and hold injectors and one non-boosted peak and hold injector or valve.

For boosted peak and hold outputs, there is one high-side output pin per bank (bank A Z1
and bank B Z5) which is capable of supplying either battery or boost voltage through a load
connected to one of the four low-side outputs on the same bank (bank A Z6, 218, Z30 and
Z42 and bank B 217, Z29, Z41 and Z53). Bank A controls the 120 W boost power supply
for both banks.

For the non-boosted peak and hold output, there is one low-side output per bank (bank A
Y18 and bank B Y53). which must be pulled up to either battery directly or to one of the high-
side actuator outputs (Y1 and Y5) through the load.
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Figure 4.22. Injector boosted peak and hold bank diagram
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Figure 4.23. Injector non-boosted peak and hold bank diagram
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For boosted peak and hold injector outputs, the high-side is switched to regulate current, and
the low-side is switched to control recirculation current in the load. The boosted peak and
hold injector outputs on one bank must be driven sequentially (may not overlap) and injector
outputs on different banks may be driven in parallel (may overlap). When no injector on the
bank is active, the high-side and low-side pins are biased to between 3.8V and 5V, this allow
for detection of electrical faults on the high-side and low-side pins. Failure to adhere to these
requirements may result in malformed injector drive signals.

For non-boosted peak and hold injector outputs, the low-side is switched to regulate current.
The non-boosted peak and hold injector outputs can overlap with either with boosted peak
and hold injector outputs on the same bank, or with outputs on the other bank.

Each injector must be configured to drive a waveform (as described in Section 4.35, “Digital
outputs — waveform control”) before it can be used. The C-API and Sim-API support port and
direction injection, including multiple pulses, application based late fuel injection adjustment
and ECU based fuel-rail pressure injection adjustment.

4.38. Digital outputs — injection driver
protection

Each injector bank must be enabled by setting the output enable pins for the respective bank
(e.g. DOT enable). The enable pin can be turned off to quickly disable all injections on a bank
if necessary. The enable pin can be overridden with certain hardware configurations and
other internal devices. The state of the enable pin can be monitored (e.g. Monitor (enabled))
to check if the pin is overridden or otherwise faulted. The injector outputs are driven from a
smart IC with built-in protection from external and internal faults.

The following injector faults are detectable for boosted peak and hold injector outputs:

» High-side short-to-battery — A high-side short-to-battery fault will be set for all injectors if
no injectors are active when a fault occurs, or a single injector when only that injector is
active when the fault occurs. This fault will immediately disable the injector (if active). The
fault status will latch and require a rising edge on the reset-fault internal output channel
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(e.g. DOT reset-fault bank A) before the output can be resumed, even if the fault has gone
away.

» High-side short-to-ground — A high-side short-to-ground fault will be set for all injectors if
no injectors are active when a fault occurs, or a single injector when only that injector is
active when the fault occurs. This fault will immediately disable the injector (if active). The
fault status will latch and require a rising edge on the reset-fault internal output channel
(e.g. DOT reset-fault bank A) before the output can be resumed, even if the fault has gone
away.

» Low-side short-to-battery — A low-side short-to-battery fault will be set for a single injector
only when that injector is active and the fault is detected. This fault willimmediately disable
the injector. The fault status will latch and require a rising edge on the reset-fault internal
output channel (e.g. DOT reset-fault bank A) before the output can be resumed, even if
the fault has gone away.

» Low-side short-to-ground — A low-side short-to-ground fault will be set for a single injector
only when that injector is active and the fault is detected. This fault will immediately disable
the injector. The fault status will latch and require a rising edge on the reset-fault internal
output channel (e.g. DOT reset-fault bank A) before the output can be resumed, even if
the fault has gone away.

» Low-side open — A low-side open fault will be set for a single injector only when that
injector is inactive and the fault is detected. An open fault cannot be detected while the
injector is active. This fault will not disable the injector. The fault status will latch and require
a rising edge on the reset-fault internal output channel (e.g. DOT reset-fault bank A) to
clear the fault status, even if the fault has gone away.

» Boost over-current — A boost over-current fault will be set for a single injector only
when that injector is active during a phase where the boost supply has been configured
to be driven and the fault occurs. In practice, the boost over-current fault will typically
be accompanied by another type of electrical short (e.g. short-to-ground). This fault will
immediately disable the injector. The fault status will latch and require a rising edge on
the reset-fault internal output channel (e.g. DOT reset-fault bank A) before the output can
be resumed.

Note

Because all injectors on a bank share a common high-side pin, and injector loads are
typically low resistance, a shorted pin may show up in one or more different injector
faults. For example, with no injectors active or open-load, a short-to-battery or ground
on the low-side of one injector may also appear as a short on the high-side (through
the load), thus disabling all of the injectors on that bank.

The following injector faults are detectable for non-boosted peak and hold injector outputs:

» Current-trip — A current-trip fault will be set for a single injector only when that injector is
active and the fault occurs. The fault will latch and disable the injector. The current-trip fault
can be cleared and the tripped outputs enabled by the pss_OvercurTripReset Simulink
block or by calling the pss_overcur_trip_reset() C-API function.

The following injector bank faults are detectable:

» Checksum fault (checksum fault) — A checksum fault will be detected if the smart IC has
an internal checksum failure. This fault will immediately disable all injectors on the faulted
bank. The fault status will latch and require an ECU reset to clear the fault.

 Clock fault (clock fault) — A clock fault will be detected if the precision reference clock used
by the smart IC has failed. The smart IC will automatically switch to an internal backup clock
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4.39

if this fault occurs. If an injection was active that injection will be aborted and no injections
will be possible until after the switch to the backup clock completes. While running on the
backup clock, injections are still possible with degraded performance. The fault status can
be cleared, by attempting to switch back to the precision reference clock (if not still faulted)
by applying a rising edge to the reset clock internal signal. (e.g. DOT reset clock bank A).

» Under-voltage Vcep (UVCCP) — A UVCCP fault will be set if smart IC detects an under-
voltage on the internal 7V power supply. This fault will immediately disable all injectors on
the faulted bank. If the fault condition clears the smart IC will automatically recover.

* Under-voltage Vs (UVCC5) — a UVCCS fault will be set if smart IC detects an under-
voltage on the internal 5V power supply. This fault will immediately disable all injectors on
the faulted bank. If the fault condition clears the smart IC will automatically recover.

» Over-temperature (ot) — An over-temperature fault will be set if smart IC detects an internal
temperature greater than 177°C nominal. This fault will not disable any injectors. If the fault
condition clears the fault status also will clear.

» Self test run (self-test run) — At ECU initialization, the Built-In-Self-Test (BIST) of the smart
IC is run. This may take a few hundred milliseconds to complete. Once the test is complete,
this signal will be set. All injectors will be disabled while this signal is low.

» Self test pass (self-test pass) — At ECU initialization, the Built-In-Self-Test (BIST) of the
smart IC is run. This may take a few hundred milliseconds to complete. If the (self-test run)
signal is set, the (self-test pass) signal indicates the results of the BIST. If set high, the
BIST successfully passed, if set low, the BIST has failed. If the BIST has failed, all injectors
will be disabled. An ECU reset will be required to clear the fault.

e Current-trip — A current-trip fault will be set for all injector bank high sides when any
injector is active during a phase where the battery supply has been configured to be
driven and the fault occurs on the high side output. The fault will latch and disable all
injector banks The current-trip fault can be cleared and the tripped outputs enabled by
the pss_OvercurTripReset Simulink block or by calling the pss_overcur_trip_reset() C-
API function.

Digital outputs — injection monitors

There are a several monitor signals which can be used for diagnostics purposes for the boost
power supply used for injections. The boost supply has an internal voltage monitor (see AIN
boost-voltage). A large drop in voltage can indicate that the injectors are drawing too much
power from the supply. This can be due to several combining factors, which depends on the
duration that the boost supply is on during each injection, the current limit during the boost
phase, and the total frequency of injections across all injectors. There is also an over-voltage
monitor for the boost supply (see Monitor (ov)). If the boost voltage is greater than 65V this
flag will be set and the boost supply will automatically turn off, until the voltage falls back
below the threshold.

There are also two duration diagnostic measurements useful to determine if the boost supply
cannot maintain the voltage threshold. The Monitor (max recharge time) time is a measure
of maximum time it took to recharge the boost supply since last read. A large value could
indicate that it took longer than normal to restore the boost supply voltage level. The Monitor
(recharge time) time is a measure of the instantaneous recharge time. If the boost supply
cannot recharge back to the voltage set-point it will continue to attempt to recharge, and this
value will continue to increase until it saturates at 6.5535 seconds. This would indicate a
failure in the boost supply.

The non-boosted peak and hold injector outputs have analogue voltage monitors which can
be used for diagnostic purposes. (e.g. Monitor (v)) to detect electrical shorts while the outputs
are not actively driven.
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4.40. Digital outputs — injection variant,
M670N

The M670N ECU has been modified to drive overlapping non-boosted peak and hold solenoid
injectors. Unlike the M670B module, the M670N module can overlap injectors on the same
bank in addition to injectors on different banks. The ECU does not have a boost power supply,
and thus the high-side output pins (bank A Z1 and bank B Z5) will drive only battery (Vpwgr)
to the load when active.

The low-side output pins Y18 and Y53 remain the same on the M670N as on the M670B. The
low-side output pins Z6 and Z17 are disabled on the M670N. The low-side output pins Z18,
Z30 and Z42 on bank A and Z29, Z41 and Z53 on bank B have been modified as overlapping
non-boosted peak and hold injector outputs. Thus the available low-side output pins on the
M670N ECU are Y18, 7218, Z30 and Z42 for bank A and Y53, Z29, Z41 and Z53 for bank B.

All boosted peak and hold injector faults and injector bank faults from Section 4.38, “Digital
outputs — injection driver protection”, except for the Boost over-current fault, also apply
to the M670N ECU. The Y18 and Y53 pins have overcurrent trips, but the remaining pins
(bank A 718, 230 and Z42 and bank B Z29, Z41 and Z53) do not have overcurrent trips.
The overvoltage, max recharge time, and recharge time monitors from Section 4.39, “Digital
outputs — injection monitors” do not apply to the M670N ECU. The boost supply internal
voltage monitor will continue to function, but will return battery voltage.

The M670N module still requires waveform configuration as described in Section 4.35,
“Digital outputs — waveform control” but will ignore any boost voltage settings. Any waveform
configured to drive boost voltage during a phase will drive battery voltage instead. The boost
voltage setpoint will be ignored.

4.41. Digital outputs — injection variant,
M670S

The M670S ECU has been modified to drive overlapping saturating solenoid injectors. Unlike
the M670B module, the M670S module can overlap injectors on the same bank in addition
to injectors on different banks. The ECU does not have a boost power supply, and thus the
high-side output pins (bank A Z1 and bank B Z5) will drive only battery (Vpwgr) to the load
when active. The same low-side output pins for each bank as the M670B are used (bank A
Z6, 218, Z30 and Z42 and bank B Z17, Z29, Z41 and Z53).

Each injector bank must be configured the same as the M670B, as displayed in the
Figure 4.22, “Injector boosted peak and hold bank diagram” diagram, except that the high
side can only supply (Vpwr)-

The high-side is shared between all low-sides on a bank. On the M670S ECU, the high-side
is turned on when at least one injector is active, and stays on until all injectors on the bank are
inactive. When all injectors on a bank are inactive, the bias voltage should be present on all
pins. The high-side and low-side are both turned on at the same time, but neither are PWM'd
to regulate current when an injector is active. The four injectors on a bank are grouped into
two pairs which share a common current sense. On bank A, injectors Z6+218 share a current
sense, and injectors Z30+Z42 share the other current sense. On bank B, injectors Z17+Z29
share a current sense, and injectors Z41+Z753 share the other current sense. If the combined
current through each pair of injectors exceeds 6A, both outputs will be latched off (see the
internal Current-trip monitors bank A Monitor (ct) and Monitor (ct); bank B Monitor (ct) and
Monitor (ct)) These current trips can be cleared with a rising edge on the reset-fault internal
output channel (e.g. DOT reset-fault bank A).
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4.42

The M670S module will ignore any configured waveforms as described in Section 4.35,
“Digital outputs — waveform control” for the saturating injectors.

All boosted peak and hold injector faults and injector bank faults from Section 4.38, “Digital
outputs — injection driver protection”, except for the Boost over-current fault, also apply to
the M670S ECU. The overvoltage, max recharge time, and recharge time monitors from
Section 4.39, “Digital outputs — injection monitors” do not apply to the M670S ECU. The
boost supply internal voltage monitor will continue to function, but will return battery voltage.

The non-boosted peak and hold outputs, remain the same as the M670B ECU (bank A Y18
and bank B Y53) and can be configured as described in Section 4.35, “Digital outputs —
waveform control”.

Digital outputs — ignition

The digital outputs related to smart ignition coils (pins Y37, Y38, Y39, Y40, Y44, Y45, Y49
and Y50) are logic signals used to activate the smart coils. In the standard M670 build, these
outputs provide an internal pull-up to Vgggp XG2.

4.43. Digital outputs — ignition driver
protection

4.44

The digital outputs related to smark ignition coils have the following protection features:

« Over-voltage clamp protection — The potential on the output pin is clamped to a maximum
voltage, of between 40V and 55V (typically 45V).

» Over-temperature protection — The output is cut off when the temperature detected by the
protection circuitry exceeds a threshold. The threshold lies between 150°C and 200°C, with
a typical value of 175°C. The output is re-enabled when the temperature falls to about 15°C
below the cut-off temperature. The temperature cut-off applies to the pairs of outputs that
share the same protection circuitry. The outputs are paired as follows: Y37 and Y38, Y39
and Y40, Y44 and Y45, and finally, Y49 and Y50. Over-temperature protection provides
effective protection against short circuit.

e Current limiting — Individual outputs are rated to 360mA for non-transient operation.
Transient currents are limited to a maximum current of between 1.7A and 3.5A. This
maximum current applies to the total current on the pairs of outputs listed above. In
practice, over-current will rapidly lead to an over-temperature condition being detected,
causing the paired outputs to turn off.

Digital outputs — ignition monitors

Each of the ignition outputs has a corresponding synchronous digital monitor. The ECU
samples the state of the digital monitor (with a delay) each time the requested output
state changes. If the reported output state differs from the requested output state, the
corresponding synchronous digital monitor counter (one for falling edge, one for rising edge)
is incremented. The application can read the counters to determine whether an electrical
fault exists.

For a falling edge, i.e. when the output is activated, the time threshold is 230 us. If the monitor
feedback signal still reads high this long after the output was activated, then the output is
disabled by the platform software, and must be re-enabled by the application. (Independently,
the output device itself will respond to over-temperature as described in the previous section.)

For a rising edge, i.e. when the output is deactivated, the time threshold must be set by the
application. Table 4.11, “Recommended rise-time thresholds with load” provides advice for
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setting the time threshold. The values in this table assume purely resistive loads pulled up
to 5V. Pulling up to battery will reduce the rise-times a little. The ideal time threshold can be
characterized on each system using an oscilloscope. No intervention is made by the platform
software in the case when the monitor feedback failed to read high after this time.

Table 4.11. Recommended rise-time thresholds with load

Load | Threshold
100 Ohms| 250 us
1K Ohms|400 us
5K Ohms|1200 us

Note

These recommended thresholds are currently under review and may be amended in
future versions of this document.

The potentials on the output pin corresponding to guaranteed low and guaranteed high are
2.1 and 4.0 V respectively. The actual thresholds will lie somewhere in between, and will
depend on operating conditions.

4.45. Digital outputs — driver over-current
protection

Some digital outputs (pins XB1, XG2, XH2+Z14, XJ2+Z8, XK2+Y8, XL1, XL3, XL4+XM4,
XM1, XM2+XM3, Y1, Y5, Y6, Y18, Y28, Y29, Y30+Y42, Y37, Y38, Y39, Y40, Y41, Y44, Y45,
Y49, Y50, Y53, Z31, Z36, Z37, Z38, Z39 and Z43) can be monitored for over-current events.
The over-current trip state of an output pin is monitored using a corresponding internal over-
current monitor channel. In normal operation the internal over-current trip channel will be
one. If the output channel experiences an over-current, the output channel will be forced off
by the ECU and the over-current trip channel will be set to zero.

Once an over-current trip occurs, the recommended procedure is to clear the trip and resume
normal operation. If the fault condition is confirmed by another trip, then the recommended
action is to disable the output for the remainder of the ignition cycle.

Repeatedly re-enabling an output driver that has automatically shut off can shorten the
lifetime of that output circuit. This is particularly true for devices with built-in thermal
protection, which shut off well above their rated maximum temperatures in order to
accommodate the tolerances required to operate at their rated maximum temperatures. Once
shut off, these require time to cool down, even after they are thermally re-enabled, so that
total time of temperature excursions is limited to a small number of hours during the life of
the ECU.

The over-current trip latch can be cleared and the tripped outputs enabled by the
pss_OvercurTripReset Simulink block or by calling the pss_overcur_trip_reset() C-API
function.

Note

To help component heat dissipation and to help prevent component stress, the platform
software ensures there is at least 50ms between each request to clear the over-current
trip latches.
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4.46. H-bridge outputs

The H-bridge outputs (pins XL4+XM4, XM2+XM3 and Y30+Y42 in the standard build,
and pins XB4+XC4, XE2+XF2, XE4+XF4 and XJ4+XK4 if the H-bridge and SENT
daughterboard is fitted) are controlled through the pdx_HBridge_Output Simulink block or
the pdx_hbridge_output() C-API function. The outputs are capable of driving actuators of 10
mH up to 500 Hz PWM, of 1 mH between 500 Hz to 5 kHz, and of 500 uH between 5 kHz
and 10 kHz.

Figure 4.24. H-bridge arrangement

freq P———
H-bridge

I

I

I

| : |

duty Driver |
I

I

I

mode Pp——

]
Internal to ECU : External to ECU

The H-Bridge can be driven in four modes:

No Drive
In no-drive mode, the H-bridge is turned off leaving the pins to float.

XM4 Venp

XL4 Venp

Brake
In brake mode, both pins of the H-bridge are driven to Vpyr.

VPWR

XM4 Veno

Vewr

XL4 Veno
Forward

In forward mode, pin XM4, XM2, Y30, XC4, XF2, XF4, or XK4 is driven
to Vpwr and pin XL4, XM3, Y42, XB4, XE2, XE4, or XJ4 pulsed to Vgnp,
resulting in a current flow the opposite from the reverse mode.

Vewr

XM4 Veno

Vewr

XL4 Veno
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Reverse
In reverse mode, pin XL4, XM3, Y42, XB4, XE2, XE4, or XJ4 is driven
to Vpwr and pin XM4, XM2, Y30, XC4, XF2, XF4, or XK4 is pulsed to
Venps resulting in a current flow the opposite from the forward mode.

VPWR

XM4 Veno

Vewr

XL4 Veno

Warning

To avoid unexpected behavior, H-bridges should be set to NO DRIVE mode before
flashing the ECU. This can be done by commanding the actuators to NO DRIVE any
time the engine is not turning.

The frequency and the duty cycle of operation are controlled by the application. Voltage and
current monitors are available, see Section 4.48, “H-bridge outputs — monitors” for details.

In order to ensure accurate over-current protection on some H-bridge outputs (pins XL4,
XM4, Y30 and Y42), certain PWM frequency bands are not allowed by the platform. If the
application software sets the PWM frequency to be within one of the disallowed frequency
bands, the platform will automatically select the closest allowed frequency. The disallowed
frequencies are given in the following table.

Table 4.12. H-bridge disallowed frequencies

Low (Hz) High (Hz)
6253.50 6293.50
3126.75 3146.75
1563.37 1573.38
781.688 786.688
390.844 393.344
195.422 196.672
97.7109 98.3359
48.8555 49.1680
24.4277 24.5840
12.2139 12.2920

6.1069 6.1460
3.0535 3.0730
1.5267 1.5365
0.7634 0.7682

4.47. H-bridge outputs — half-bridge
operation
Some H-bridge outputs (pins XL4, XM4, Y30 and Y42) can be controlled as individual half-

bridge, high-side or low-side outputs. For each of these pins, there is a corresponding internal
control signal that can be used to control the mode (for instance, XL4 and DOT select-hs).
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Half-bridge mode
To drive the pin as a half-bridge, set the digital output to 1 and drive the
internal select-hs digital output as a PWM. This will cause the output pin
to PWM between Vgnp and Vpwg.

DOT (XL4)

DOT select-hs (XL4)

Vewr

Pin XL4

Venp

High-side mode
To drive the pin as a high-side driver, set the internal select-hs digital
output to 1 and drive the digital as a PWM. This will cause the output
pin to PWM between Vpr and open.

DOT (XL4)

DOT select-hs (XL4)

Vewr
Pin XL4 | I | I | I

Veno

Low-side mode
to drive the pin as a low-side driver, set the internal select-hs digital
output to 0 and drive the digital as a PWM. This will cause the output
pin to PWM between Vgnp and open.

DOT (XL4)

DOT select-hs (XL4)

Vewr

w111

Venp

Note

The controlling digital output channels can both be driven as PWM outputs at the same
time. Itis recommended that for determinate behaviour only one of the controlling digital
outputs is driven as a PWM at a time.

Warning

If the ECU is being used in a mixed-voltage system where the external high-side voltage
of the load is different from the high-side voltage of the ECU, then it is recommended
that the half-bridge pin not be used.
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4.48. H-bridge outputs — monitors

All of the H-bridge output pins XL4, XM2, XM3, XM4, Y30 and Y42 (including pins XB4, XC4,
XE2, XE4, XF2, XF4, XJ4 and XK4 if the H-bridge and SENT daughterboard is fitted) provide
voltage monitors. The voltage readings are not synchronised with the on stage of the PWM
drive signal, so care must be taken when using the voltage monitor to diagnose electrical
faults.

When the H-bridge is in no-drive mode, the outputs will float at the bias voltage such that the
voltage monitors read approximately 0.41V to 0.53V. This can be used to diagnose short-
to-ground and short-to-battery faults, when the pin reads OV or battery voltage respectively.
Open-load faults can be detected by driving just one arm of the H-bridge either high or low
and checking if the other arm remains at the bias voltage.

A subset of the H-bridge output pins XL4, XM4, Y30 and Y42 (including pins XB4, XC4,
XE2, XE4, XF2, XF4, XJ4 and XK4 if the H-bridge and SENT daughterboard is fitted) provide
current monitors. These analogue inputs provide a current reading when the corresponding
output is fully switched to the high-side. Thus, when operating the H-bridge with a PWM low-
side, the application must read the current measurement from the monitor on the high-side
pin. If the H-bridge switches direction, the application should switch to reading the current
from the other pin.

The current reading when the corresponding output is fully switched to the low-side, is the
driver device current offset, IS. The value is approximately 0.2V, hence the equation given
with the current monitors. A more accurate current reading can be achieved by substituting
IS for the value 0.2.

4.49. H-bridge outputs — driver protection

The current monitors on the output pins XL4, XM4, Y30 and Y42 also function as over-current
fault flags. When the current monitor input reads above 3.96V, this indicates that the device
has gone into fault mode and shut off. The H-bridge will need to be set to no-drive mode to
reset the device and return to normal operation.

The remaining H-bridge (pins XM2+XM3) provides a fault monitor flag on channel Monitor
(no fault). If an over-current fault occurs, the signal will be set to low indicating the device has
gone into fault mode. The H-bridge will need to be set to no-drive mode to reset the device
and return to normal operation.

4.50

Oxygen sensing

An exhaust oxygen sensor measures the remaining oxygen content in the exhaust gas so
the engine can determine the amount of fuel required to ensure optimal emissions. The M670
provides the capability to sense narrow and wide band oxygen sensors.

4.51. Oxygen sensing — narrow band HEGO

The M670 supports narrow band EGO sensors (often referred to as HEGO sensors, for
Heated Exhaust Gas Oxygen, or two step lambda oxygen sensors) on pins XJ1 and XK1.
A HEGO sensor generates an indication of whether the exhaust gas mixture is lean or
rich. The sensor should return a voltage between 50mV and 900mV, centered around the
stoichiometry control point, typically 425mV. Generally the sensor will return 50mV to 300mV
in the Lean or higher air content condition, and will return between 600mV and 900mV in
the Rich or higher fuel content. Refer to your HEGO sensor data sheet as each sensor may
be different.
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To control the HEGO sensor's internal heater, any of the higher current low-side driver
outputs can be used (pins XL1, XM1, Y6, Y18, Y29, Y41 and Y53). Unlike the UEGO sensors,
which require certain low-side driver outputs to be used, there is no restriction for HEGO

sensors.

As a build option, a M670 ECU can be ordered with four HEGO inputs and zero UEGO inputs.

4.52

Oxygen sensing — wide band UEGO

The M670 supports two wide band EGO sensors (often referred to as UEGO sensors, for
Universal Exhaust Gas Oxygen, or linear lambda oxygen sensor) on pins Z10, Z11, Z22 and
Z23 and Z34, 735, Z46 and Z47. A UEGO sensor generates an indication of the oxygen
content in the exhaust gas mixture. UEGO sensors require careful control of the resistive
heating element to avoid damaging the ceramic heater, and careful control of the pump cell
current to accurately measure the oxygen content.

The ECU provides UEGO inputs processed by Bosch CJ125 ASICs.

Figure 4.25. Connection for UEGO sensors

Device control
(from pcj125_Control block) > _RE+_¢_

Temperature and lambda measurements < Bosch CJ125
(from pai_Analoguelnput block)

! . |
Diagnostic feedback < _ApEf

(from pdx_Digitallnput block)

Heater control
(from pdx_DigitalOutput block) |

VPWR

(And surrounding circuitry) - :

| |
Diagnostic
feedback

Veno

|
|
|
|
|
|
|
|
|
|
|
|
Internal to ECU :
'

=N

$le]

External to ECU

UEGO Sensor

The CJ125 ASICs are controlled through the pcj125_ Control Simulink block or the
pcj125_control() C-API function. This interface gives the application direct control over the
ASIC's internal configuration. The actual control algorithm will need to be defined by the
application. See the OpenECU User Guide for more details.

To control the UEGO sensor's internal heater, each CJ125 device has a corresponding low-
side driver output (pins Y29 and Y41). These outputs are controlled as standard low-side
drivers (see Section 4.27, “Digital outputs” for more) but have internal connections to their
corresponding CJ125 devices, to provide diagnostic information to the ASIC.

Table 4.13. UEGO sensor pin connections

ECU |Function LSU 4.9
Pin 6 Pin
Z10, Z34|Nernst voltage, RE+, UN 6
Z11, 735|Virtual ground, IPN, VM 2
722,746 | Trim current, RT, 1A 5
Document number: 20T-06878 7T Joren/EEE
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ECU |Function LSU 4.9
Pin 6 Pin
Z23, Z47 | Pumping current, APE, IP 1
Y1, Y5|Heater high side 4
Y29, Y41 |Heater low side 3
Note

M670 comes standard with support for the Bosch LSU 4.9 UEGO sensor. If you would
like to use a different UEGO sensor, Contact Pi for further information.

Note

It is recommended that the Bosch LSU 4.9 Heater+ (pin 3) is connected to one of the
actuator supplies (pins Y1 and Y5) rather than directly to Vpyr to allow the heater to
be shut off if a short-circuit fault occurs.

Warning

The application must actively manage the sensor's resistive heater control in order to
ensure the sensor ceramic is not damaged. The Bosch LSU 4.9 sensor can be used
in a 24V system, but the application must actively manage the heater control such that
the heater never sees more than 12V for longer than 20 seconds or damage can occur.
It is recommended that the low-side driver for pins Y29 and Y41 are never run at 100%
duty cycle.

When the Bosch LSU 4.9 sensor is used with a power source greater than 20V,
especially when the sensor is cold, the sensor's heater resistance can be as low as
1.3 Ohms. The resulting current flow for any significant drive duty cycle can exceed
the over-current trip thresholds for pins Y29 and Y41. In turn, the ECU will attempt to
protect itself and the sensor by turning off pins Y29 and Y41 and signalling an over-
current event. To avoid this:

» Use a low-duty, high-frequency drive signal to avoid the output reaching the over-
current trip threshold. This is especially relevant when the sensor is below ambient
temperature. During the condensation water phase of the sensor warm-up, the LSU
4.9 datasheet suggests an effective RMS of 1.5V, which must be matched by the
drive signal to ensure the over-current trip threshold is never met.

» Use a lower voltage source to power the sensor. In this situation, the ECU will
accomodate a mixed voltage system, where the ECU is powered at 24V and the
sensor as 12V (for example).

» Use a higher-current low-side drive pin for the heater control, such as pin Y6 or Y30.
When not using pins Y29 and Y41 for heater control then note that the electrical
diagnostic signals from the CJ125 ASIC (Monitor (ol), Monitor (sb) and Monitor
(sg) for pin Y29, and Monitor (ol), Monitor (sb) and Monitor (sg) for pin Y41) are
inoperative and should be replaced by relevant monitors for the chosen drive pin.

Note that if the ECU is being used in a 24V system, then short-to-battery faults and
voltages above 28V can damage the CJ125 device. The CJ125 device supports up
to 18V.

See the Bosch sensor data sheets, or contact Bosch, for further information.
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Toread the UEGO sensor's temperature for closed-loop control, each CJ125 device provides
a measurement of the UEGO heater's resistance via a UR analogue input channel. The
correct transfer function will need to be used to convert this to engineering units.

To read the UEGO sensor's lambda value, once the device provides a valid value, each
CJ125 device provides a UA analogue input channel. The application is responsible for
making the calculations to determine the actual lambda value.

4.53. Oxygen sensing — wide band UEGO
monitors

The Bosch CJ125 devices (pins Z10+Z11+Z22+7Z23 and Z34+Z35+Z46+Z47) provide
serial diagnostic information which the platform automatically decodes into digital input
channels. The diagnostic information is sampled at the fastest task rate of which one of
the corresponding diagnostic inputs is read (see Section 4.33, “Digital outputs — monitors
(conditioned)” for further details).

e The open-load monitors (channels Monitor (ol) and Monitor (ol)) indicate if the heater pin
is disconnected from the heater load.

» The short-to-ground monitors (channels Monitor (sg), Monitor (sg), Monitor (sg), Monitor
(sg), Monitor (sg), Monitor (sg), Monitor (sg) and Monitor (sg)) indicate if the voltage on the
corresponding UEGO-related pin is at a voltage too close to Vgnp.

e The short-to-battery monitors (channels Monitor (sb), Monitor (sb), Monitor (sb), Monitor
(sb), Monitor (sb), Monitor (sb), Monitor (sb) and Monitor (sb)) indicate if the voltage on the
corresponding UEGO-related pin is at a voltage too close to Vpyr.

Secondary processor

The ECU provides for secondary processor for monitoring and safety purposes as a build
option (the default build does not have the secondary processor populated). The secondary
processor uses an independent clock source, has access to a subset of the input signals, can
communicate with the primary processor and can inhibit the injector circuitry independently
from the primary processor.

4.54

Figure 4.26. Primary and secondary processor arrangement
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Table 4.14. Secondary processor connector pin access

Channel Type Description

Y25 Digital input Allows the secondary processor to inhibit the
injector circuitry if the operator requests shut
down through the ignition sensor pin. Note
that there is a build option to inhibit the injector
circuitry directly from the ignition sense input.

712 Digital input Access to one of two switched digital inputs,
such as the low oil switch.

Z13 Digital input Access to one of two switched digital inputs,
such as the brake switch.

Z20 Analogue input Access to two throttle position inputs for the

Z21 purposes of cross checking with the primary
processor.

z27 Analogue input Access to two pedal position inputs for the

Z28 purposes of cross checking with the primary
processor.

As well as access to a small subset of connector pins, the secondary processor has access
to a small subset of the ECU's internal signals.

Table 4.15. Secondary processor internal signal access

Channel Type Description

AIN +2.5V Analogue input Access to the precision 2.5V reference for
ratiometric conversion of other analogue inputs
(if required).

Monitor (v) Analogue input Access to the voltage monitors for Vrgra and

Monitor (v) Vrers, both for ratiometric conversion of other
analogue inputs (if required) and to monitor the
sensor supply for faults when performing cross
checking.

AIN PCB-temp Analogue input Access to the internal temperature of the ECU,
used for cross checking.

AIN VPWR Analogue input Access to the ECU's power supply voltage, used
for cross checking.

DIN pri-sec-a Digital Access to two digital lines, which can be setup

DIN pri-sec-b as digital inputs or outputs as agreed between

DOT pri-sec-a the applications running on the primary and

DOT pri-sec-b secondary processors. Used for signaling

between the processors.

DOT inhibit (pin
Y18, Y53, 71, Z5,
Z6, 717, 218, Z29,
Z30, 741, 742,
Z53)

Digital output

Access to inhibit the injector circuitry, including
the boost supply (if available) and injector related
outputs.

DOT reset-primary

Digital output

Access to reset the primary processor from the
secondary processor. The primary processor can
similarly reset the secondary processor.

Serial

Communications

Bi-directional communications between the
secondary and primary processor. Used by the
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Channel

Type

Description

primary processor for reprogramming whilst
the ECU is in reprogramming mode. Used by
the secondary processor whilst the ECU is in
application mode to exchange questions and
answers during cross checking.

This option is not yet supported. Contact Pi for further information.

4.55. Secondary processor — E-Gas

monitoring concept

The ECU has been designed to be able apply the E-Gas monitoring concept guidelines as
detailed in “Standardized E-Gas Monitoring Concept for Gasoline and Diesel Engine Control
Units”, v5.5 May 2013. The E-Gas monitoring concept breaks the functionality of the ECU
into three distinct levels across two independent devices.

Level 1 — function

Level 2 — function monitoring

Contains the engine control functions (for instance, requested torque,
component monitoring (for instance, correlated pedal position or a
faulted lambda sensor), input/output variable diagnostics (such as
requests for additional torque from other ECUSs), and the reaction to

detected faults.

Contains the diagnostic functions for level 1 engine control (for instance,
measuring injection pulses to estimate torque and cross check with level
1 requested torgue or vehicle acceleration) and program flow monitoring
(for instance, that software tasks run in sequence and to deadlines), and
the reaction to detected faults.

Level 3 — controller monitoring

Contains the diagnostic functions for level 1 and level 2 software
interactions with hardware (for instance, cyclic testing of RAM cell
content for bit inversions, or processor instruction testing).
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Figure 4.27. E-Gas monitoring concept
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Level 3 is further split into two parts:

Level 3 — monitoring module
Physically independent monitoring device (secondary processor on the
M670) that communicates a series of questions to determine if the
function device (primary processor on the M670) is acting as it should.
The answer to each question is checked for timeliness and correctness,
provoking a reaction if unexpected.

Level 3 — monitoring software
Contains the software to combine the results of level 2 and level 3
responses to the questions from the level 3 monitoring module.

Software support for the secondary processor and to allow implementation of the E-Gas
monitoring concept are not yet available. Contact Pi for further information.
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4.56. Serial inputs and outputs

Some of the internal and external inputs and outputs are classed as serial. The connector
pinout tables and internal channel tables above specify whether a pin or channel is serial
or not.

When a serial input is read, the measurement reflects the value of the input taken last time the
application task ended. l.e., the value of the input is delayed by one cycle of the task period.
When a serial output is set, the driven state is updated at the end of the current application

task. l.e., there is a delay between requesting a change in the output state, and the output
state honoring that request.

4.57. Communication — CAN

The CAN buses (pins Y12+Y11, Y24+Y23, Y36+Y35 and Y48+Y47) are implemented using
high-speed CAN transceivers, compatible with J1939. Only the default CAN bus (pins
Y12+Y11) has a terminating resistor fitted; the other CAN buses require external termination.

Some CAN buses (pins Y11, Y12, Y23 and Y24) have wake-on-CAN functionality (see
Section 4.4, “ECU power — wake-on-CAN" for more details).

4.58. Communication — LIN

The M670 is designed to support LIN communications. However, this option is not yet
supported. Contact Pi for further information.

4.59. Communication — FlexRay

The M670 is designed to support FlexRay communications. However, this option is not yet
supported. Contact Pi for further information.

4.60. Memory — configuration

The ECU supports different memory configurations for application, calibration and RAM
sizes, some of which require a TAB board (see Section 4.62, “Memory — calibration
capabilities”).

Table 4.16. Memory configurations supported

Configuration App size | Cal size RAM External Run-time
(KiB) (KiB) size RAM calibration
(KiB) required? supported?
Al 3072 128 128 N Y
B 3072 64 192 N Y
C 3072 192 64 N Y
D 3072 512 256 N N
3072 512 256 Y Y

® Jf an OpenECU target that supports memory configuration is loaded with an application in which no such
configuration has been specified, then configuration A will be used as the default.
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4.61.

Memory — non-volatile storage and

lifetime

4.62.

4.63.

4.64.

The ECU supports non-volatilie memory storage in Flash. Battery backed RAM is not
supported.

The processor's Flash memory is split into small and large memory blocks. The application
and calibration are stored in large blocks, whilst DTC information, freeze frames and so on
are stored in small blocks.

The largest Flash block can take up to approximately 15 seconds to erase. This occurs
in an environment where the Flash has been erased and programmed many times at its
temperature extreme. The typical erase time is smaller, especially at ambient temperatures.
Reprogramming an ECU (where many large blocks would be erased), or storing DTC
information across power cycles, can therefore take some time. Users and applications
should take this into consideration.

The minimum number of erase cycles is approximately 1,000 for large Flash blocks and
100,000 for small Flash blocks. This occurs in an environment where the Flash has been
erased and programmed many times at its temperature extreme. The typical number of erase
cycles is larger, especially at ambient temperatures.

The minimum data retention is approximately 5 years for blocks which have been erased
less than 100,000 times, and approximately 20 years for blocks which have been erased
less than 1,000 times.

The information about the Flash has been taken from Freescale's MPC5674F Microcontroller
Data Sheet document, revision 9 (dated Nov 2012).

Memory — calibration capabilities

The ECU has the capability to accept calibration changes while the application software is
running. There are two types of calibration options accessible via the memory configuration
selection in software:

* Primary processor's RAM — Dedicates some of the processor's RAM for calibration
purposes. This option reduces the amount of RAM available for the application and
supporting platform library. This option is available on a standard build of the ECU and is
the default if the application does not specify a memory configuration.

» TAB board RAM — Uses a daughter board to add a RAM device to the memory bus of
the primary processor. This option provides all of the processor's RAM for the application
and platform library, whilst adding additional RAM to support calibration. This option is
available as a build option.

Memory — calibration interfaces

The design of the ECU includes support for VertiCal based memory interfaces, such as
ETAS's XETK. These devices provide high speed data logging and calibration, an order of
magnitude better than CCP. Contact Pi for further information.

System modes

The ECU can run in one of two system modes: reprogramming mode and application mode.
In reprogramming mode, both processors of the ECU can be reprogrammed with application
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software from a calibration tool. In application mode, the ECU runs the programmed
application software.

The ECU enters reprogramming mode either by measuring a dedicated external pin called
FEPS (pin Y22) at power up, or when attempting to reflash over CCP when the application
is not inhibiting reprogramming.

Table 4.17. System mode selection

Voltage | System mode

> +17V | Enter reprogramming mode. If valid application software has
previously been programmed, then use the CCP settings from that
application, otherwise use the default CCP settings.

< -16V | Enter reprogramming mode. Use the default CCP settings.

Otherwise | Enter application mode if valid application software has previously
been programmed, otherwise enter reprogramming mode.

4.65. Flash codes

The ECU has a dedicated external pin (pin Y28) for flashing a lamp.

The flash sequence represents a set of codes. Each code is a three digit number, where
each digit is flashed a number of times equal to its value. An example would be the flash
sequence for code 113. The flash sequence is broken down into a series of marks, or on
and off pulses as follows:

Figure 4.28. Flash code sequence

Start of log mark d; (1) d; (1) ds (3)
— —
j |— |— |_|—|_|—|—
Off
— — —
Digit Digit Digit End code
mark mark mark mark

Each of the marks lasts for a specific duration:

Table 4.18. Flash code example

Mark Duration and meaning

Start of log mark 3s — marks the start of the flash code list

Digit mark 1s — marks the start of a digit

dn ns — n digits, where the output is turned OFF for 0.5
second, then ON for 0.5 seconds, n times

End code mark 3s — marks the end of a code (i.e., end of 3 digits)

After the end code mark, the ECU will either flash the next code, or return to the start of the
list and flash the first code. The ECU always has at least one code to flash.

Each code represents information about the ECU state. If there is no flash sequence, or a
malformed flash sequence, then the ECU is malfunctioning. Otherwise, the flash sequence
will represent one of the following codes:
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Table 4.19. Flash codes

Code Meaning

111 In application mode — no other condition has been detected.

112 In reprogramming mode with the FEPS pin negative.

113 In reprogramming mode with the FEPS pin high.

114 In reprogramming mode via a FEPS-less reprogramming request.

115 In reprogramming mode because no valid application software exists.
116 In reprogramming mode due to FEPS pin electrical failure.

117 In reprogramming mode due to repeated reset during application mode.
118 In reprogramming mode due to failed application checksum tests.

128 In reprogramming mode due to failed memory check tests.

119 In reprogramming mode due to a FEPS-less ISO reprogramming request.
121 In reprogramming mode due to an unknown failure.

123 In reprogramming mode due to a watchdog reset.

222 In reprogramming mode due to the application not having a valid license.

4.66. Floating point capabilities

The ECU closely adheres to the IEEE-754 for floating point numbers.

When using Simulink, floating point Simulink models are supported — all calculations are
performed using single-precision (even if the model uses double-precision, the ECU performs
calculations using single-precision).

When using the C-API, floating point applications are supported — all calculations are
performed using single or double precision, as determined by the application code (although
double precision will incur some software overhead — see the compiler reference manual
for further details).

The rounding mode is set to round-to-nearest. In some conditions, the ECU will not adhere
to the IEEE-754 standard:

Table 4.20. Floating point conditions

Condition Result

Underflow The result of a calculation underflow is £0. The sign is based on
the signs of the operands.

Overflow The result of a calculation overflow is £max where max is
approximately 3.4 x 10%. The sign is based on the signs of the

Divide by zero

operands.

The ECU does not generate xInf, NaN or a denormalised number as the result of a
calculation.

4.67. Input/output schematics

Simplified schematics of the input and output circuitry will be made available in a subsequent
release.
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4.68. Customization — build options

To support a variety of sensors and actuators, the ECU is pre-populated with a
default selection of components with varying voltage range, pull strengths, filtering and
other characteristics. In some cases, the default component selection will not meet the
requirements of all customers. Within design constraints, Pi can modify the ECU components
to adjust these characteristics as build options. Contact Pi for further information.

4.69. Customization — daughter board
options

The ECU has been designed for easy configuration by the addition of a plug-in daughter
board. The main circuit board can be configured to route a range of internal processor signals
and external connector pins, XA1, XA2, XA3, XA4, XB4, XC4, XE2, XE4, XF2, XF4, XJ4 and
XK4, to the plug-in location of the daughter card. Within design constraints, Pi can develop
prototype quality daughter board to implement a wide range of functions. Contact Pi for further
information.

The following sections outline the daughterboards which affect channel selection. Other
daughterboards may be available.

4.69.1. H-bridge and SENT daughterboard — part
number 25T-068872

The daughterboard extends the available H-bridges to pins XB4+XC4, XE2+XF2, XE4+XF4
and XJ4+XK4, and adds support for SENT sensors on pins XAl, XA2, XA3, XA4 and
XF3 based on SAE J2716 Revision 2010. To use the additional H-bridge channels, see
Section 4.46, “H-bridge outputs”. To use the SENT channels, see the C-API or Sim-API User
Guide for further details.

The daughtercard utilises unused channels on the PCB as well as repurposing existing
channels. Repurposed channels are non-functional when the daughtercard is fitted.

» LIN and FlexRay communication support is unavailable with the daughterboard.
» The digital input for pin XF3 is unavailable with the daughterboard.

e The digital monitor for injector channels Z42, Z17 and Z29 is unavailable with the
daughterboard.

» The digital monitor for smart spark channels Y44, Y45, Y49 and Y50 is unavailable with
the daughterboard.
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Chapter 5. Dimensions

The ECU has the following mechanical dimensions (mm):

Figure 5.1. Outline of physical dimensions
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Appendix A. Contact information

If you have questions, or are experiencing issues with OpenECU please see the FAQ
website:

website
Support.OpenECU.com [http://Support.OpenECU.com]

If you still have questions after searching through the FAQ, or want to discuss sales or
proposals, you can contact main office:

Tel
+1 734 656 0140

Fax
+1 734 656 0141

during normal working hours (Mon to Fri, 0930 to 1700 EST).
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