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Purpose
This document describes an application which demonstrates programming the ADuC703X series device's
integrated Flash/EE using CANoe.LIN from Vector (http://www.vector-informatik.de).

This is a draft document and is subject to change.

It is assumed that the user is familiar with Vector CANoe and with the LIN 2.0 specification.

Overview

The ADuC703X series of microconverters from Analog Devices Inc. support the programming of the
device’s integrated Flash/EE via LIN [1]. This feature is targeted towards automotive applications where
the ADuC703X can be integrated into a LIN network cluster as a LIN slave node, thereby enabling the
device to be programmed as required without the need to physically dismount the electronic control unit
(ECU) that houses the ADuC703X device.

This document describes a demo application that enables the programming of an ADuC703X device via
LIN. The application uses Vector's CANoe with the LIN bus option (referred to as CANoe.LIN) and the
CANcaseXL hardware with a single LIN channel.

The LIN downloader application adheres to the LIN Flash/EE programming requirements specification [1].
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Introduction

This document provides the user with a simple step-by-step procedure on how to program the ADuC703X

using the CANoe.LIN-based LIN downloader application.

Setup

The first step is the connection and configuration of the physical hardware involved. This section
describes the setup of the hardware components used in the application. The ADuC703X device, acting
as a LIN slave, should be connected via the LIN bus to the LIN Master, which in this case is emulated by
the Vector CANcaseXL hardware. As LIN messages are transmitted on the bus by the LIN Master
according to a predefined schedule, all LIN traffic will be traced and can be observed on the PC using

CANoe.LIN. The hardware interconnection is illustrated in figure 1.

Vector
CANcaseXL

Rx @ ADuC7032

pc
>

Figure 1 - Hardware setup for CANoe.LIN LIN downloader application

Tx &

o |]|]
asn
Channel 2

Errd

Vector CANcaseXL
The Vector CANcaseXL hardware with LIN channel is connected to the PC via USB. The CANcaseXL, or

equivalent Vector hardware, is configured via the ‘Vector Hardware Config’ window, which is accessed by

going to:

e Start > Control Panel > Vector Hardware

£ Vactor Hardware Config g@@
File Edit Tools Window Help
=% Hardware Details
#- B Vitual CAN Bus 1 B CEN 1 CANcaseL 1 (005737) Channel 1
=6 CANcasel 1 [005737) B C&Neasel 1 (005737) Channel 2

+-4 CAMpiggy 1054 [Lowspeed)
=48 LINpiggy 52550pta
B8 CaMoe LIN 1
= i‘, Application
i‘ CaMalyzer
o= CA
CaMNoe
Default
* General information
* é License

&t Application CAN channels 1
& Application LIN channels 1

vector”

Figure 2 - Vector CANcaseXL hardware configuration
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Figure 2 shows the CANcaseXL configuration for the CANoe application. The LIN bus, named LIN 1, is
active on Channel 2 (via the LINpiggy 62590pto).

Note: Interconnecting Pin3 and Pin4 of the D-Sub connector on the XL Interface causes the internal
voltage supply of the LINpiggy to be disconnected. Since the recessive level on the bus depends on the
supply voltage of the Master it is advisable to operate the LINpiggy with an external supply voltage that is
also used by the other bus nodes. Only then cross currents can be prevented between the individual
nodes on the LIN bus.

ADuC703X Microcontroller
The ADuC703X series microcontrollers contain a kernel which implements the LIN Flash/EE
Programming protocol as described in [1].
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Procedure
The step-by-step procedure of programming the Flash/EE on the ADuC703X device via LIN using
CANoe.LIN is described in this section.

How to...

1. Open the CANoe configuration file: “Protocol6FlashEEProgramming.cfg”
Fﬁ' Vector CANoe.LIN L__Jm

ile View Start Mode Configuraton Window Help

NEHE B vOEHALn| s 8o sntes| [Fedbs  [v] 2 &
- h — - — |
= Data (1= @ 04 statistics e |19 {mf| <
in &y [msae] B E LN
2 20.0 20.0 Busload [%] -
| Name value | Rawvale | |18.0 18.0 Peakload [%]
@ 3c:MasterReqB0 - — || 5.0 16.0 Data [frfs] -
@ 3c:MasterReqB1 = = | 140 ia Data [tatal] -
. = = . ; Transmrr [errs] -
@ 3c:MasterReqB2
- 12.0 12.0 Transmerr [total] -
@ MasterReq::MasterReqB3 - -
o = T |we 10,0 CSErr [errfs] -
@ 3c:MasterReqB4 CsErr [total] -
@ 3ci:MasterRegBS - - 8.0 8.0
RevErr [errfs] -
o 5 6.0 5.0
@ 3c:MasterRegBs - - ! - RevErT [total] £
& MasterReq: MasterRegB? - - || %0 4.0 SyncErr [errfs] -
20 2.0 SyncErr [total] -
@ 3d::SlaveRespBO - =l oo t—ﬂ o i Wakeups [frfs] -
@ 2d::SlaveRespB1 = g 8 10 18 20 38 30 38 D™ CSE TE SMC BE SE WE Wakeups [total]
@ 3d::SlaveRespB2 - — [f A ] LT Chip state -

@ SlaveResp::SlaveRespB3

gi SlaveRespBd B Write L__I[E_]m

SlaveRespB5

; SlaveRespBa . = Source Meszage
@ SlaveResp::SlaveRespE7

CHERICRY. K System )\CAPL )\ Inspect )\. Call stack )\Test f

El| Time Event Type Frame Name Dir | Length| Id | Data

o

=

(= 4
Chfe] i | B
144+ b \Setup } Analyse AIG

Ready ProtocoléFlashEEProgramming... | [Protocol&FlashEEProgramming.cfg] REAL MUM HEX
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S Vector CANoe.LIN =<
gﬁi\a view Start Mode Configuration Window Help
IDEHE BE YREPLE F smjb| [Redbs v/ 2 &
53 Simulation Setup g@ & e e
=
- Stavistics
=% Networks -
-5 LIN Networks ris]
| =~ %% Protocol6FlashEEProgramming
i = B Nodes Bus Statarics
FlashEEProg B ADUCT03%(ADUCT703x IBS) = %
P 7 B FlashEEProgrammer (FlashEE Progra
g @ C? @ = ® Interactive Generators
Dst
B =
4 Replay blocks Real
. - ¥5! Databases lw
Bus 3 ProtocolsFlashEEProgramming?. . Tine
Proteeierd &l = Channels — o
L1
o=
I-Generator 5
16
oy - [ " .
AN \ProtooolSFlashEEProg_rammmq il | 12
44 \Setup fAnalyse BIG ]
||Ready Protocol6FlashEEProgramming... [ProtocoléFlashEEProgramming.cfg] | REAL NUM HEX

Figure 3 - CANoe.LIN configuration for LIN Flash/EE Programming application

This application is configured for two nodes: FlashEEProgrammer (LIN Master) and ADuC703X (LIN

Slave).

The CANcaseXL is setup to simulate the LIN Master and the ‘ADuC703X’ is implemented by a real
ADuC703X node.

Note: the state of the node is indicated by the color of the bus line

to which the node is connected:
Simulated

Real

2. Specify the file to be Flash/EE programmed via LIN
Firstly the user should generate the required binary file using either the ‘Binary LIN Data Generator

(BLDGenee)’ GUI application [3], or the ‘Binary LIN-downloadable File Generator (BLFGenee) command
line version [2]. The generated ‘.bIf file is a binary formatted file which contains the data that is to be
programmed to the ADuC703X’s integrated Flash/EE via LIN.
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Note: The generated “.bif’ file should be saved to the same directory as that of the CANoe
application’s configuration (.cfg) file.

The user must then manually code the filename of this ‘.bif file into the CAPL program block that
represents the LIN Master. The file that implements the LIN Master CAPL program block is
‘Protocol6FlashEEr.can’. In order to open ‘Profocol6FlashEEr.can’:

e Left-click the pencil icon on the ‘FlashEEProgrammer’ node in the ‘Simulation Setup’ window of
CANoe.LIN as shown in figure 4.

& Vector CANoe.LIN

%Eile View Start Mode Configuration Window Help
D=EE B EE T LE

| -
23 Simulation Setup

ECU
FlashEEProg
Master

J & g &

Figure 4 - Opening the LIN Master CAPL program block

The location where the “.blf filename is to be coded into ‘Protocol6FlashEEr.can’ is shown in figure 5.
This depicts the ‘Variables’ window and the ‘char caAppCode[32]’ variable that is to be edited.
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[F CAPL Browser - [Protocol6FlashEEr.can]

=2 Fle Edit Compiler Optons Window Help

B Syste
Bl System
=

@ PreStart

CAN Mess
[ LIN Mess.

B4 LIN1.

B LIni.
"v Signal Change
"~ Signal Update
& Timer

nalCheckaum ()

col6FlashEEProgramming7032::

::MasterBeq (0x:

5

eReap (0x:

DEeEdag @+ BE o LR
&4 Include files
B Variables 7

variables

writeLineEx imFrogWnd, 3, "'LINSendSleepModFrm' (Silent Mode)
Stop () ;

failed to put LIN hardware in sl

Ready

ProtocoléFlashEEProgramming 7032 FlashEEPrograr |Ln 50

Figure 5 - LIN Master CAPL program block (LinMaster.can)

3. Enter download mode of the ADuC703X microconverter
For convenience, a typical entry procedure is briefly described here:

i. Ensure location 0x14 in Flash/EE memory is set to the 32 bit value: OXFFFFFFFF

ii. Hold the nTRST pin low (e.g. connect Pin 11 on the ADuC703X to ground)

ii. Perform areset.

After a reset the kernel checks the nTRST pin to see which state it is in. If it is held low the kernel

monitors location 0x14. If the 32 bit contents at that location equal OxFFFFFFFF the kernel download

mode is entered.

4. Start the simulation

To start the LIN Flash/EE programming application, on the CANoe.LIN window click the ‘Start’ icon or

press the F9 key.
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% Vector CANoe.LIN

File Wiew 5Start Mode Configuration Window Help
heEdE BE FEaE L8 ¢
8 -]

The ADuC703X Flash/EE Programming via LIN begins automatically.

5. Observe the ‘ADuC703X Flash/EE Programming via LIN’ sequence
Two useful methods of observing the progress of the Protocol 6 Flash/EE Programming via LIN are

described in this section. These can be found by going to the CANoe application desktop labeled

‘Analyse’.

i. When the CANoe application is started a tab called ‘Flash/EE Programming’ is added to the write

window. Information about the progress of the download is output here, including:
» The status of the current Flash/EE page programmed

> When all pages have been programmed, the checksum across all pages is calculated
and output to this tab

> Error information

» Required user action prompt

The following figure illustrates these points.

-
Write

Meazsage

@ 'A331ignlAD" regquest. New NHAD: 0x44
Programmed & Verified Flash/EE page 0 - OK

Programmed & Verified Flash/EE page 1 - OK

-
11
-
11
» Programmed & Verified Flash/EE page 0 - OK
11
® Successfully Erased, Programmed s Verified ADuC7033
@E:ess 'r' to request 'ECUReset'...

\AII .}\ System™ ,‘*\CAPL .}\ Inspect .}\ Call stack ,‘*\Test ,‘*\Flas-h,.'EE Programming |

ii. The user can observe all LIN messages transmitted and received over the entire Flash/EE

programming sequence in the ‘Trace’ window.
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| Evertt Type Frame Name Dir | Length | Id | Data ~
=] {3ilent go-to-3leep) starting up in sleep m 5
&= ke-up request) king up due te inte
= = Tx 9 us
= SchedChangeEvent starting with schedule table Id=0 (R33ignNADTzble)
+ E LIN Frame (Configuration Request) MasterReq ("R33ignNAD"™) Iz & 3C 7F 06 BO 3R 00 32 00 4&
= SchedChangeEvent table Id=0 (A3signlll le) --> table Id=1 (FlashEEProgrammir
w- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 06 31 FF 00 00 04 01
w- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 04 34 00 04 01 FF FF
&= SchedChangeEvent table Id=1 (FlashEEProgrammingTable) --> table Id=2 (Transfe:
w- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 05 36 18 FO 9F E5 FF
o LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 05 36 18 F0 9F E5 FF
o LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 05 36 18 F0 9F E5 FF
- LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 05 36 18 F0 9F E5 FF
- LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 05 36 18 F0 9F E5 FF
- LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx & 3C 46 05 36 FF FF FF FF FF
- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx 8 3C 46 05 36 14 FO 9F E5 FF
- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx 8 3C 46 05 36 14 FO 9F E5 FF
- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx 8 3C 46 05 36 3C 00 08 00 FF
- B LIN Frame (Diagnostic Request) MasterReq ("single frame") Tx 8 3C 46 05 36 OC 02 08 00 FF
+ 8. LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix 8 3C 46 05 36 D& 01 08 00 FF
+ 8. LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix 8 3C 46 05 36 40 02 08 00 FF
+ 8. LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix 8 3C 46 05 36 74 02 08 00 FF
+ W LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix & 3C 46 05 36 70 01 08 00 FF
+ W LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix & 3C 46 05 36 A4 01 08 00 FF
ﬁ + W LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix & 3C 46 05 36 8C 00 9F E5 FF
Elnlz + E. LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix & 3C 46 05 36 OB FO 21 E3 FF
;ﬁ, + E. LIN Frame (Diagnostic Request) MasterReq ("single frame™) Ix & 3C 46 05 36 00 DO A0 E1 FF
@_+_ 5 o, LIN Frame (Diagnostic Request) MasterRea ("single frame") Tz 8 3C 46 05 36 04 00 40 E2 FF __ (i
< I bd
iSetup )\Analy'se IG
| Ready 0:00:04:08 ProtocolsFlashEEProgramming... [ProtocoléFlashEEProgramming.cfg] REAL MUM HEX

6. Request adhoc LIN diagnostic commands
All LIN diagnostics commands specified in the “Protocol 6 Flash/EE Programming via LIN” specification

may be requested manually by the user. This functionality is provided via the ‘Interactive Generator’
feature of CANoe, which enables the user to specify the values of a particular LIN Diagnostic command

prior to requesting it. This feature is located on the CANoe application desktop labeled ‘IG’.
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3 Vector CANoe.LIN - [IG] | ==
ilFle View Start Mode Confiuration Window Help -8 x
: W EE ® P 2@
Message Parameters Triggering Data Field -~
Message Name
|dentifier | Channel Frame DLC | Active Send ey Cycle Time [ms] (i} 1 2 3 4 5 () 7
» | MasterReq ol LN1 ~| Resporse = |8 = |3 |update |[]Test (| a |[J/10 |[=—eff——— 7% |6 |BO [3A [0 |32 [0 |45
MasterReg | 3 LINT ~| Header ~ now K| 2 (010 |=—]ff—
SlaveResp .| LINT +| Header - now B s |[[0]10 |=—ff—
MasterReg - ES LIN1 ~| Response - |8 -|[x] update | e |[J 10 —u—iE & 31 |FF |0 ] 4 BC
MasterReq o K LINT +| Header it now x| e |[] 30 —u—
MasterReq o3 LINT | Response ~|8 ~|[X] | update | d || —{f— %6 |4 |34 4 |1 FF | FF
MasterReq e LUN1 +| Header = now X 400 |—J—
MasterReq | 3c LINT ~| Response ~ |8 ~|[X] update Bt |10 —u—iE 5 36 |F1 |E2 |D3 |C4 |FF
MasterReq - E3 LINT +| Header - now Bt [[0]10 | o
MasterReq K LINT ~-| Response = |8 -|[¥] update | < |[J]1 —u—éE & 31 |FF |1 4 1
MasterReg mES LINT ~| Header = now Bl c |02 |=—f—
[w
<> Bl A LN < >
[ New vH Clone ” Special Frame '][ Delete ] l Cut ][ Copy H Paste ] l Lapout
SE Signal Name Raw Value | Phys Value | Unit | Dec | Phys Step|lInc Wave form generation
0 | MasterReqBO 7F 21127 - 13 1 MNone Define
2 | MasterReqB1 6 =16 - [13 + None Define
16 | MasterReqB2 B0 {176 - 13 - None Define
24 | MasterReqB3 3A =158 - |13 - None Define...
32 | MasterReqB4 0 ~ Bk B None Define...
40 | MasterReqB5 2 =150 - |13 + None Define...
48 | MasterfieqB6 : BE + || Nore  Define.. |
- ]
56 | MasterReqB7 45 =470 - 13 + MNone Define
-
Deefault input mode: LIN
L A ATver ) 1G
| Ready 0:00:06:02 Protocol6FlashEEProgramming. ... [Protocol6FlashEEProgramming.cfg] REAL. NUM | HEX

Figure 6 — CANoe Interactive Generator for Protocol 6 Flash/EE Programming via LIN

Note: If the ‘AssignNAD’ command is requested, whereby a new NAD is assigned, the NAD byte (which
is the first byte in all LIN diagnostic frames) of each subsequent LIN diagnostic command request must
be changed individually to match the new NAD value.

With the CANoe application running and Flash/EE programming of the specified file completed (and prior
to an ‘ECU Reset’ request), the user may request LIN diagnostic commands by pressing keys as shown
in table 1. The values that are transmitted are specified in the ‘Data Field’ is illustrated down the right

hand side of figure 6.
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LIN Diagnostic Key | Description Returns

Command

AssignNAD a | Assigns a new NAD to the ADuC703X No response

ECUReset r | Resets the ADuC703X No response

SlaveResp s | Requests a response frame from the Depends on the
ADuC703X. Must be sent after previous Master
transmitting a Master Request frame Request Frame
that requires a Slave Response frame

ReadByldentifier::0x0 i Requests identification of the ADuC703X Supplier
ADuC703X slave node ID, Function ID &

Variant

ReadByldentifier::0x32 i Requests 5 bytes of customer-specific 5 bytes stored at
data from Flash/EE memory 0x977ED-0x977F1

ReadByldentifier::0x33 i Requests 5 bytes of customer-specific 5 bytes stored at
data from Flash/EE memory 0x977F2-0x977F6

ReadByldentifier::0x34 i Requests 5 bytes of customer-specific 5 bytes stored at
data from Flash/EE memory 0x977F7-0x977FB

RequestDownload d | Requests the programming of a No response
specified range of Flash/EE pages

EraseRoutine e | Erases a specified range of Flash/EE No response
pages

CheckRoutine ¢ | Calculates the checksum over a Calculated checksum
specified range of Flash/EE pages

Table 1 - Interactive Generator LIN Diagnostic command keys

7. Reset the ADuC703X node
The ADuC703X microconverter is reset via requesting an ‘ECU Reset’ diagnostic frame, as described in

table 1.
further LIN diagnostic commands can be sent until the next Flash/EE Programming via LIN sequence is
started.

Requesting a reset automatically implies that the simulation is stopped. Following a reset no
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Known Issues/Assumptions/Omissions

Issue 1: User reset request
The user must request the reset upon finish of download by manually pressing the ‘r' key on the PC

keyboard.

Issue 2: Configuration LDF file must be specific to part
If the parts being programmed are ADuC7032’s, the following LDF must be used:

e Protocol6FlashEEProgramming7032.Idf
Alternatively, if the parts being programmed are ADuC7033’s then the following LDF must be used:
e Protocol6FlashEEProgramming7033.Idf

The existing LDF must first be removed before the new LDF can be added. This action is performed in
the right-hand-side pane of the ‘Simulation Setup’ window on the ‘Setup’ tab of the ‘Protocol 6 Flash/EE

Programming’ configuration.

Step 1:

% Vector CANoe.LIN

EE“E View Start Mode Configuration Window Help

N & WEE R E F smber || Realbus  [w| 2 &
I3 Simulation Setup g@ &
x|
=5 Networks A
- L
=5 LIN Networks [ B3|
=4 Protocol6FlashEEProg i
220 = B Nodes Bus Statist
FlashEEProg : B ADUC703%(ADUCTO3x [BS) 2 %
Master H M FlashEEProgrammer (FlashEE Progrz X
ﬂ @ ﬁ @ = B Interactive Generators
5 Data
Rl H 816 G B
3 Replay blocks Real =)
. =-FH Databases S T ;
Bus - B! [FrofocoléTlashERProgrammingZ..  view... -
ProtocolsFl - = Channels Edit Schedules. .. L =
LN 1 Mode synchronization... r—

Rename...
Remove... =
I-Generator |_—

1c

Step 2:
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ECU
FlashEEProg

Master

J &

g &

Bus

Protocol6Fl

I-Generataor
1G
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=~ 8 Interactive Generators
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