%ﬂmox Application Note

The Imbedded Solutions Company.

Report No:
AN122
Title:

In-System Programming (ISP) of Atmel
AT91SAM7 FLASH Microcontrollers using the
JTAG Programming Interface

Author: Date: Version Number:
John Marriott 25" January 2010 1.13

High-speed JTAG ISP Programmers...

-]
L

...designed for Production Programming

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the copyright owner. The
information presented in this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be
changed without prior notice. No liability will be accepted by the publisher for any consequence of its use. Publication thereof does not
convey nor imply any license under patent or other industrial or intellectual property rights

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 1
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



Btno Application Note

TECHNOLODIES

The Imbedded Solutions Company.

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 2
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



%ﬂlm Application Note

The Imbedded Solutions Company.

Contents
L0 INTFOAUCTION ettt te e e e e e e e e e e e e e e e aeas 7
R =T B €= TP PUPPPPPPTTRN 7
1.2 Programmers supporting ATOLSAMT7 EVICES .....uiiiiiiiiiieiiiiie e et e e e e e e e e e e aaaan s 8
1.2.1 Complete AT91SAM7 Programming SOIUtIONS............ccoeoeviiiiiii e, 8
1.2.2 Upgrading an existing programmer for ATOLSAMY7 SUPPOIT........uuviriiiieeeiniiiiiiiiiieeeeeenaees 9
1.3 Programmer firmware versions for ATOLSAMT SUPPOIT.......uuuuuuiuueieiiiiieiieiiiieiieeiinenenneennnnnnnnnnes 10
I TV o TS T U o] o 0 o S 11
R @Y1 YT PR 11
1.4.2 ATOLSAMT — “S” FAMILY ...iiiiiiiieee ettt e e e e e e st e e e e e e e s s s nsnreeeeeeeeeeannnnes 11
1.4.3 ATOLSAMT — “SE” FaMIlY .....uiiiiiiiiie ettt e e e e e e et e e e e e e e e nnnes 11
1.4.4 AT91SAM7 —“L” (Low Power) Family ...........ccc 11
1.4.5 ATOLSAMT — “A” FAMILY ...ttt e e e e e e e e e e e e e e s st r e e e eeeeeeaannes 12
1.4.6 ATOLSAMT — “X” FAMILY ...ttt e e e e et e e e e e e s st eeeeeeeeannnes 12
1.4.7 ATOLSAMT — “XC7 FAMIIY.....utieiiiiiee ittt e e e e e e e e e e e e e aanns 12
1.5 Upgrading your Equinox Programmer to support AT91SAM7 JTAG Programming................. 13
L5, L OVBIVIBW .. 13
1.5.2 Purchasing an ATOLSAMYT LICENSE .....cccceuiiuii i e et s e e e e e et e e e e e e e naenaaas 13
1.5.3 How do | enable the programmer for ATOLSAM7 JTAG?.....ccciiiviiiiiiiieeeeiiieeeeee e 13
1.5.4 Upgrading an Epsilon5, FS2003 or FS2009 Programmer to support AT91SAM7 JTAG
[T (0T | = 1t T 11 T PP 14
1.5.5 Upgrading a PPM3-MK2 or PPM4-MK1 Programmer to support AT91SAM JTAG......... 15
1.5.6 Entering the License String to upgrade your programmer .............eeeeeeeeeeniniireereeeeeesnnnnnns 16
2.0 AT91SAMY - JTAG Programming INTErfacCe ...........ooeuiiiiiiiiiiiiiiiiieeiiieiieeieeetieeeieeeeeeeeeeeeeeeneeeneennne 17
P2 R O A= V= PP T O TPPPPPPR 17
2.2 JTAG FRATUIES ...ttt e ettt e e e e e e et ettt e e e e e e e e e eebbba e e e e eeeeeebeeaebeannns 18
2.3 JTAG single-chip In-System Programming (ISP) Schematic ..............cccoooo i, 19
2.4 JTAG PiINS CONSIHEIALIONS ... 20
2.5 Erase PiN CONSIOBIALIONS........uuuiiiiieeiiiiiitii ettt e e e ettt e e e e s s s bbb e e e e e e e s e nnnbeaeee s 20
B2 G TN I8 =2 ) I o PP 21
2.7 JTAGSEL PN ..ottt e et e e e e e e e ettt e e e e e e e e e e bt r e e e e e e e e e nanereaaee s 21
2.8 RESET (NRST) PN ceeeiiiiiiiiiiiii ettt ettt e ettt e e e e e s et e e e e e e e e e e nnbbeaaee s 21
2.9 EXternal OSCillator SOUICE .....ccciiii e e e e e e e e e e e 22
2.10 Target VCC reQUINBMENTS ... e e e e e e e e e e e e e e e e e e e e e e aaaaaaa s 22
2.11 JTAG-in-a-chain In-System Programming (ISP) Schematic.................cccccce . 23
2.12 ARM JTAG Debug INtErface (20-WaY) ........ueeieeeiiiiiiiiieieee ettt e e e e e e eeeee s 24
3.0 Creating an EDS (DeVvelopment) ProjeCt........ccuuuiiiiiiieiiiiiiiiii et 26
oL OVBIVIBW .o 26
3.2 Information required to create a AT91LSAMY7 Project.........cccceeiiii 26
3.3 Creating an EDS (DeVelOPMENT PrOJECL) .....vuiiiieiiiiiiiiiiiiiee e e ettt 27
3.4 Selecting the correct Target DEVICE ......occiiieeiiiie e e e e e e e s 27
3.4.1 DEVICE SEIBCHION . .....uuiiiiiiie ettt e e e e et e e e e e e e s s bbb e e e e enane 27
3.4.2 Silicon revision and Chip ID / SIgNATUIE...........coiiiiiiiiiiiiii et 28
3.5 Target OSCIllator SettiNGS ....cccce i 29
3.6 Target System — POWer SUPPIY SEHINGS ...coviuiii e e e e s 30
3.7 Specifying the FLASH (C0d€) File ..o 31
3.8 Launching EDS at the end of the EDS Wizard .........cccoooiiiiiioiio e 32
4.0 Testing a Project in Development (EDS) MO ........ooooiiiiiiiiii 33
4.1 INtrodUCHION 0 EDS ....oiiiiiiiiiiiiie ettt e e e e e st e e e e e e e e a e e e 33
4.2 EDS - Default settings for JTAG, statemaching etC..........ccceeeeeiii 34
A3 ITAG SOINGS oo 35
O T R I 7 I 1= To [ 1= o VPP 35
4.3.2 JTAG CRAIN SEIINGS -...ttteeeieeeeee ittt e et e e e e e r e e e e e e s e bbb e e e e e e e e e e s nnnbeneeeas 36

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 3
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



%ﬂlm Application Note

The Imbedded Solutions Company.

4.4 Checking the AT91SAMY7 — Target Voltage ........coooeei e 37
4.5 Testing JTAG communication with the AT9LSAM7 device..........ccceeeiiiiii 38
TN O 1Y =T 1= P 38
YA B T = Te | [0 13 1o | (o 39
4.5.3 POSSIDIE failure MESSAQES. .. ..ui i e 39
4.5.4 Error 3044 / 3039 — Failed to enter programming Mode ..........c.coevvvevvieveieeiieeeeeeeeeeeeeeen, 40
4.5.5 Error 41 or 3041 — Signature FAIL MESSAQE.......cciiiiiiiiiieeeeee e 42
4.6 Erasing the FLASH ArEa.......c.ccouuiiiiii it e ettt s s e e e e e e et s e e e e e e e e e reaa s 43
Z.6. 1 OVEIVIBW. ...eeeeeieeeeeeeiitee et e e e e e e e sttt et e e e e e e e bbb ettt e e e e e e e b bbbttt e e e e e e e e nbbbb bt e e e e e e e e s annbbbneeeeeaanns 43
4.6.2 Erasing the FLASH ArEa..........ccuuiiiiiiiiiiiiiiiie ettt 43
4.7 Programming the FLASH Area ... 44
4.7.1 Overview of ATOLSAMT7 MEMOIY MAP ...ccvviviiiiiiiiiiieiieeeeeee ettt 44
4.7.2 Instructions to program the FLASH @r€a..........coioiiiiiiiiiiiiiieee e 45
4.8 Programming the Configuration FUSES ........ccooiiiiiiiiiie e a7
T R O A =T 1= P 47
4.8.2 Reading the Fuses from a Target DeVICe...........cccccvvveiiiiii e, 48
4.8.3 Writing the FUses into @ Target DEVICE ..........uuiiiiiiiiiiiiiiiiieee et 49
4.8.4 FUSE WITE FaIlUIrE MESSATES ... i i e eeieeeiitiis i e e e eeeeeiiitas e s e e e e e eett s e e e e e e e eeaae s e e e e e eeeaeaaneaeeees 49
4.8.5 Verifying the Fuses of a Target DEVICE .........cocovvviiiiiiiiie 50
4.8.6 Using a ‘Fuse File’ to import Fuse settings iNt0 & ProjecCt..........ccuvvveeveeeeiiiiiiiiiiieeeeeee e 50
4.9 Programming the ATO1SAMY7 “Security Bit".........coooiiii e 51
e T R O =T 1 PP 51
4.9.2 Programming the “SeCUILY Bil” .........cooiiiiiiiiiiiiiii e 51
4.9.3 Recovering a ATILSAMT dEVICE........ooiiiiiiiiiieii ettt 52
4.9.4 Reading the “Security Bit” from a Target DEVICE ..........ccvvvvveiiiiiiiiee e 53
4.10 Reading the FLASH Page LOCK BitS .........coooiiiiiiii e, 54
4.11 Exporting an EDS Project to a Standalone Project.........ccccoviiiiiiiiiiiiiiiiiieeeeee e 55
5.0 Exporting / Importing Fuse Settings to / from File ... 56
ST @ A= V= TSP 56
5.2 Exporting the Fuse SettingS t0 @ FUSE Fle .......ooooiiiiiiiiee e 56
5.3 Copying the Fuses from @ Target DEVICE........cco i 56
5.4 Importing the Fuse Settings from a FUSE File ..o e, 56
6.0 Creating a Standalone Programming PrOjECT .......ccoiiiiiiiiiiiii e 57
L0 YT o= 57
6.2 Creating a Standalone Project from EDS (Development Mode).........ccccoevvieiiiiiiiiiiiin e, 57
6.3 Add Project File to a new Project COlECHION ...........uueeiceececce e 58
6.4 Uploading a ProjeCt t0 @ ProgramMET ..........eueiieeeiiiiiiieieeeee e e e st e e e e e e e s e e e e e e e s eannnenees 58
6.5 Re-testing a Project in EDS (Development MOAE) .....ccoco oo 59
Appendix 1 — AT91SAM7 ISP Cable for Epsilon5, FS2003 and FS2009 programmers ............... 60
O YT T 60
L L FBAIUIES ...ttt e oottt et oo e e e et e ettt et e e e e et et b b e e e eeeeeebba e e e e e e aeeeerens 60
1.2 Programmer COMPAtiDIlItY .......cooe oo e e e e e e 60
1.3 Power SUPPIY - SEIECTION JUMIPET .......veiireieieeeieeteeeeieestasseeeeeraeseesseessresraeerrrerrrerreernrrrrrrrrrennrrnnne 61
1.4 Cable Installation INSIIUCTIONS .........uuiiiieiieiiiieeeieeeeeeeeeeereeeeeeeeeeeeeeseeeeeeeeereeereereresreeeneeensesnnseneeeees 61
I =] 1] T TS = = PP 62
1.6 ARM JTAG DEDUQY HEAUEN.......uuuiiiiiiiiiiiiiiiiiiitiieetieesteessaeeseesseesseesssesseesseessesssssessssssesssessssnnnensnes 62
Appendix 2 — ATILSAMT DEDUQG BYLES ....uuiiiieecc e 63
O YT QT 63
1.1 Explanation of each Debug Byte ValUE ...........oooeiiiiiiii e 63
1.2 Debug 0x00 — Failed to halt ARM GEVICE.........ccuuiiiiiiiieeeeeeee et 64
1.3 Debug 0x01 — Failed to change ARM {0 SUPErVISOr MOUE...........uuuuueuuureiiierieeeeeeeeenneeeeneenneeenees 64
1.4 Debug 0x02 — Failed to read the target ARM device ‘Chip ID’........cccovviiiiiiiiieiiieeice e 65
1.5 Debug 0x03 — Failed to load EqQuInox demon into ARM ...........cevviviiiiiieeiiieiieeereeeieeeeeeeseesaeeneee 65
1.6 Debug 0x04 — Failed to execute ‘EQUINOX TEMON’........ccoiiiiiiiiiiiiieeee et e e 65
1.7 Debug 0x05 — ‘Equinox Demon’ did not respond within 250mMS...............euevieiiiiiiieiiieiiiiiiiienenns 66

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 4
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



%ﬂlm Application Note

The Imbedded Solutions Company.

1.8 DEBUG OX0B — OX09 ...ooeeeiiiiiiiiiiiiie e e e e e e ettt e e e e e e e e st e e e e e e e e s s nsb b e e aaaeeeeeassssaneaeeeeeeeaannneeaaaens 66
Appendix 3 — Target OSCIllator SEIHINGS ..oovviiiiiii e e e e 67
O @ 1T T 67
1.1 ATOLSAMYT - OSCIllatOr MOUES .....uveieiiiiiiiiiiiiiiiie e 68
1.1.1 Internal RC OSCIllatOr......ccooiiee e, 68
1.1.2 External crystal 0SCIllator .........ccoooei i 68
1.1.3 External oscillator SIgnal..........cooooeiiooi oo 69
1.2 How to check which oscillator source is available..................uuuiiiiiiiie 69
2.0 Oscillator Selection iN EQTOO0IS .....uuuiiiii ittt et e e e e e ra s e e e e e e e e err b aaes 70
0 R O 1Y =P 70
2.2 Clocking the AT91SAM7 device during programming ........ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 70
2.3 AT91SAM7 — Target CIOCK MOde ... 70
2.4 AT91SAMT — Target OSCiIllator FIEQUENCY ........cvviiiiiiiiiiiiiiiiee et 70
2.5 Target Oscillator Settings (EQTools < build 1151) ..o, 71
2.6 Target Oscillator Settings (EQTools > build 2000) ......cooviieiiiiiiiiie e 72
2.7 Testing the Oscillator SettiNgS ........coooeeieiiii 74

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 5
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



Btno Application Note

TECHNOLODIES

The Imbedded Solutions Company.

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 6
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



%ﬂlm Application Note

The Imbedded Solutions Company.

1.0 Introduction

Equinox Technologies manufacture a range of programmers suitable for high-speed programming of
Atmel AT91SAM7 FLASH microcontrollers via the ‘ARM JTAG Debug Interface’. This application
note describes how to develop and implement In-System Programming (ISP) support for the Atmel
AT91SAM7 FLASH microcontroller families using the ‘ARM JTAG Debug Interface’. The document
details how to make a JTAG ‘Programming Project’ which will operate on any Equinox ISP
programmer including a full description of how to implement JTAG In-System Programming (ISP) of
the Atmel AT91SAM7S, AT91SAM7SE, AT91SAM7X and AT91SAM7L families.

1.1 Features

The Equinox programming range includes solutions for development, low / mid / high volume
production and field programming of Atmel AT91SAM7 microcontrollers.

General features.....

e High-speed In-System Programming (ISP) support of Atmel AT91SAM7 microcontrollers
e Programming solutions for development, low / mid / high volume production and field
programming of Atmel AT91SAM7 microcontrollers

Programs the on-chip FLASH Memory of AT91SAMY7 microcontrollers

Uses industry standard ‘ARM JTAG Debug Interface’ port as the ISP interface

Very high-speed programming due to local data storage and optimised programming
algorithms

Programmers can be used in "Standalone Mode" (no PC required)

Supports high-speed program / verify of the on-chip FLASH in a singe operation.
Optimised Erase operations - blanks the on-chip FLASH in less than 200ms

Supports programming of non volatile ‘Fuse Bits’

Supports blowing of the ‘Security Fuse’ to protect code from being read out

Supports reading back / logging of all ‘FLASH Page Lock Bits’

Supports programming of AT91SAM7 devices when placed in a ‘JTAG Chain’ (JTAG daisy-
chain mode)

In ‘Development Mode'.....
e Powerful yet simple-to-use Development Suite called ‘EDS’
e All aspects of programming the AT91SAM7 device can be controlled from EDS

In ‘Production Mode’.....

e Programmers can be used in "Standalone Mode" (no PC required)

¢ Asingle ‘Standalone Programming Project’ can Erase the device, program /verify the
FLASH, program the Fuse Bits and blow the ‘Security Fuse’ in a single operation.

e Upto 64 x AT91SAMYS ‘Standalone Programming Projects’ can be stored inside an
FS2003, FS2009, PPM3-MK2, PPM4-MK1 or ISPnano programmer.

e Programmer can store multiple versions of firmware for different ‘customer product versions’.
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1.2 Programmers supporting AT91SAMY7 devices
1.2.1 Complete AT91SAM7 Programming Solutions

The table below lists the off-the-shelf AT91SAM7 programming systems available from Equinox....

Order Code Description

EPSILON5(SAMY) e Portable high-speed In-System (ISP) Programmer for JTAG
programming of Atmel AT91SAM7 ARM7 microcontroller family.

e Standalone capability (1 project)

e USB /RS232 connectivity

¢ Includes AT91SAM7Y ISP Connector Cable

EPS-AT91SAM7JTAG- e Portable high-speed In-System (ISP) Programmer for JTAG
BUNDLE programming of Atmel AT91SAM7 ARM7 microcontroller family.
¢ Standalone capability (1 project)

e This bundle pack includes a standard EPSILONS Programmer
which is enabled for SPI programming of Atmel AVR devices and
also JTAG programming of Atmel AT91SAM7 microcontrollers.

e USB/RS232 connectivity

e Includes AT91SAM7 ISP Connector Cable

FS2009(SAM7) e Portable high-speed In-System (ISP) Programmer for JTAG
programming of Atmel AT91SAM7 ARM7 microcontroller family.

e Standalone capability using LCD / keypad (64 projects)

e USB /RS232 connectivity

e Includes AT91SAM7Y ISP Connector Cable

Please note:
e The AT91SAMY Device Library is pre-enabled on each programmer.
e The AT91SAMY ISP Connector Cable is included with each system.
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1.2.2 Upgrading an existing programmer for AT91SAM7 support

Most Equinox ISP Programmers can be upgraded to support high-speed programming of Atmel
AT91SAM7 microcontrollers via the ‘ARM JTAG Debug Interface’ .The table below lists all the
Equinox ISP programmers which are capable of programming AT91SAM7 microcontrollers.

Programmer AT91SAM7 Requirements Upgrade Order
Support Code
EPSILON5(UN) Upgrade License upgrade EPSILON5-UPG15
+ CAB-ARM7-20W ISP Cable
FS2003(UN) Upgrade License upgrade FS2003-UPG15
+ CAB-ARM7-20W ISP Cable
FS2009(UN) Upgrade License upgrade FS2009-UPG15
+ CAB-ARM7-20W ISP Cable
PPM3-MK2 Upgrade License upgrade PPM3A1-UPG15
+ EQ-10-CON-10 Connector
Module
+ EQ-SFM-MAX-V1.3 High-speed
I/O Driver Module
PPM4-MK1 Upgrade License upgrade PPM4MK1-UPG15
+ EQ-10-CON-10 Connector
Module
+ EQ-SFM-MAX-V1.3 High-speed
I/O Driver Module
ISPNano Series 1 Upgrade License upgrade ISPNano-UPG15
ISPNano Series 2 Upgrade License upgrade ISPNano-UPG15
ISPNano Series 3 Upgrade License upgrade ISPNano-UPG15
ISPNano Series 3 ATE | Upgrade License upgrade ISPNano-UPG15

Please note:

e A chargeable ‘License Upgrade’ is required to enable the AT91SAM7 support on any of
these programmers.
e A suitable ‘AT91SAMY ISP Connector Cable’ is also required to connect from the
programmer to the AT91SAM7 Target Board. This is provided with the License Upgrade.
e The programmer firmware will probably also need to be upgraded in order to support
AT91SAM7 device programming — see section 1.3.
e Itis also recommended that EQTools build 1156 or above is used when programming
AT91SAMY devices.

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using
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1.3 Programmer firmware versions for AT91SAM7 support

Most Equinox ISP Programmers can be upgraded to support high-speed programming of Atmel
AT91SAMY7 microcontrollers via the ‘ARM JTAG Debug Interface’ .The table below lists all the
Equinox ISP programmers which are capable of programming AT91SAM7 microcontrollers. A
chargeable ‘License Upgrade’ is required to enable the AT91SAM7 support on any of these
programmers. A suitable ‘AT91SAM7 ISP Connector Cable’ is also required to connect from the
programmer to the AT91SAM7 Target Board. This is supplied with the License Upgrade.

Fig. 1.3 Programmer firmware versions for AT91SAM7 JTAG In-System Programming Support

Programmer AT91SAM7 | Requirements
Support
EPSILONS 5.22 Contains all algorithms
FS2003 5.22 Contains only AT91SAM7 and AVR JTAG algorithms
FS2009 5.22 Contains only AT91SAM7 and AVR JTAG algorithms
PPM3-MK2 5.21 Contains all algorithms
PPM4-MK1 5.21 Contains all algorithms
ISPnano Series /Il 5.22 Contains all algorithms
ISPnano Series Il 5.22 Contains all algorithms
Please note:

e Due to limited firmware storage space on the FS2003 and PPM3-MK2 programmers, these
programmers cannot support both the AT91SAMY firmware and other microcontrollers at the
same time.

e Itis necessary to upload a special version of firmware for programming AT91SAM7 devices
which will then not support programming of any other devices e.g. Atmel AVR
microcontrollers.

e ltis possible to switch between the conventional firmware and ‘AT91SAM7’ firmware at any
time by simply uploading the relevant ‘Firmware upgrade project’ to the programmer.
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High-speed In-System Programming (I5P) support

1.4 Device Support
1.4.1 Overview

There are various different families of Atmel AT91SAM7 microcontrollers, each with a different
performance / peripheral mix. The Device Support is now split into a different section for each

different family.

1.4.2 AT91SAM7 —*S” Family

The AT91SAM7 — “S” Family contains the following devices:
Device On-chip FLASH Minimum | Programming | Tested on
FLASH Page Size | firmware Support actual
Size (kb) (bytes) version available device
AT91SAM7S16 16 64 4.00 YES -
AT91SAM7S161 161 64 4.00 YES -
AT91SAM7S32 32 128 4.00 YES -
AT91SAM7S321 321 128 4.00 YES -
AT91SAM7S64 64 128 4.00 YES YES
AT91SAM7S128 128 256 4.00 YES -
AT91SAM7S256 256 256 4.00 YES YES
AT91SAM7S512 512 256 4.00 YES YES
1.4.3 AT91SAM7 — “SE” Family
The AT91SAMY7 — “SE” Family contains the following devices:
Device On-chip FLASH Minimum | Programming | Tested on
FLASH Page Size | firmware Support actual
Size (kb) (bytes) version available device
AT91SAM7SE32 32 128 4.00 YES -
AT91SAM7SE256 256 256 4.00 YES -
AT91SAM7SE512 512 256 4.00 YES YES
1.4.4 AT91SAM7 —“L"” (Low Power) Family
The AT91SAM7 — “L” Family contains the following devices:
Device On-chip FLASH Minimum | Programming | Tested on
FLASH Page Size | firmware Support actual
Size (kb) (bytes) version available device
AT91SAM7L64 64 256 4.00 - -
AT91SAM7L128 128 256 4.00 - -

Application Note 122 —
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1.4.5 AT91SAM7 —“A” Family

The AT91SAM7 — “A” Family contains the following devices:
Device On-chip FLASH Minimum Programming Tested on
FLASH Page Size | firmware Support actual device
Size (kb) (bytes) version available
AT91SAM7A3 256 256 4.00 YES YES
1.4.6 AT91SAM7 —“X” Family
The AT91SAM7 — “X” Family contains the following devices:
Device On-chip FLASH Minimum | Programming Tested on
FLASH Page Size | firmware Support actual device
Size (kb) (bytes) version available
AT91SAM7X128 128 4.00 YES -
AT91SAM7X256 256 4.00 YES -
AT91SAM7X512 512 4.00 YES YES
1.4.7 AT91SAM7 — “ XC” Family
The AT91SAMY7 — “XC” Family contains the following devices:
Device On-chip FLASH Minimum | Programming Tested on
FLASH Page Size | firmware Support actual device
Size (kb) (bytes) version available
AT91SAM7XC128 128 5.07 YES -
AT91SAM7XC256 256 5.07 YES -
AT91SAM7XC512 512 5.07 YES -

Application Note 122 —
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1.5 Upgrading your Equinox Programmer to support AT91SAM7
JTAG Programming

1.5.1 Overview

The Atmel AT91SAM7 JTAG algorithms are not supported as standard on any Equinox programmers
(except for the options described below?*). It is necessary to purchase a ‘License Upgrade’ for
‘AT91SAM7 JTAG’ support from Equinox. Equinox will then send you a ‘JTAG Upgrade License
String’ which will upgrade your programmer to support programming of this device family.

Please note
The following standalone programmer and ‘Bundle’ options have the license pre-installed, therefore
these instructions are not necessary:

e Epsilon5(SAM7)

e EPS-AT91SAM7JTAG-BUNDLE

e FS2009(SAM7)

1.5.2 Purchasing an AT91SAMY License

All Equinox ISP programmers require the purchase of a ‘License Upgrade’ to enable AT91SAM7
JTAG support. Please see the table in section 1.1 for the relevant upgrade for your programmer.

1.5.3 How do | enable the programmer for AT91SAM7 JTAG?

To enable your programmer to support JTAG ISP programming, please purchase the relevant JTAG
Upgrade from Equinox or an Equinox distributor:

1. If you purchase the upgrade directly from Equinox
e Equinox will email you a ‘JTAG License String'.
e This string can be entered directly into the <Enter License> screen in EQTools.

2. If you purchase the upgrade from a distributor

e The distributor will send you the Upgrade Pack by courier.

e Within the Upgrade Pack you will find an Upgrade Form with a Code String on it.

e Email this Code String plus your programmer Serial Number to support@equinox-
tech.com

e Equinox will then send you a ‘AT91SAM7 JTAG License String’ which is keyed to
your programmer Serial Number.

e This string can be entered directly into the <Enter License> screen in EQTools.

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 13
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1.5.4 Upgrading an Epsilon5, FS2003 or FS2009 Programmer to support
AT91SAM7 JTAG programming

To upgrade an Epsilon5, FS2003 or FS2009 programmer to support AT91SAM7 JTAG programming,
please follow the steps below:
e Order an ‘AT91SAM7 JTAG License’ from Equinox
e Enter the ‘AT91SAM7 Upgrade License String’ given to you by Equinox into EQTools
¢ Make sure you have the required version of Programmer Firmware to support the device you
wish to program — see section 1.2.
e You will also receive a special ‘'SAM7 Programming Cable’ with this upgrade.
See Appendix 1 for full details of how to connect this cable to your programmer.

e This cable has a small circuit board on one end which plugs into the ISP headers inside the
programmer. On the other end it features a 20-way IDC plug which will plug into the 20-way
IDC “ARM Debug Connector” socket on any ARM Target Board.

e Remove the top cover of the programmer

e Plug the circuit board end of the ‘SAM7 Programming Cable’ into the programmer ISP
headers — see example FS2003 / FS2009 picture below.

MAhddRgdnAdinain
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e Plug the 20-way IDC plug end of the cable into the mating IDC socket on your Target System.
e You are now ready to program an AT91SAM7 device via JTAG.

1.5.5 Upgrading a PPM3-MK2 or PPM4-MK1 Programmer to support
AT91SAM JTAG

To upgrade a PPM3-MK2 or PPM4-MK1 programmer to support AT91SAM7 JTAG, please follow the
steps below:
e Order a ‘AT91SAM7 JTAG upgrade’ from Equinox Technologies
e Enterthe 'JTAG Upgrade License String’ given to you by Equinox into EQTools
e The JTAG upgrade also includes a new ‘I/O Connector Module’ for the PPM4-MK1 called the
‘EQ-IO-CON-10’. This module features a 20-way JTAG header for connection to the
AT91SAMY7 Target Board. It also includes the High Speed / High Current Special Function
Module ‘EQ-SFM-MAX-V1.3'. This significantly reduces the overall programming times for
many high capacity devices. For full instructions on fitting this module please refer to
Application Note AN115 provided with your upgrade
e Make sure you have the required version of Programmer Firmware to support the device you
wish to program — see section 1.2.
e Plug the ‘EQ-IO-CON-10" module into the PPM3-MK2 / PPM4-MK1 programmer
e Plug the 20-way ISP cable supplied with the programmer into the ‘JTAG’ ISP Header on the
‘EQ-IO-CON-10’ module.
e Connect the other end of the 20-way ISP cable to the JTAG port on your Target Board
e You are now ready to program a Target Chip via JTAG

EQ-IOCON-10 |I/O Connector Module 10 (AT91SAM7 JTAG) — Fast Connect Version
O I/O connector module for In-System Programming (ISP) of Atmel AT91SAM7
¢esnsneeeneeeey | | Microcontrollers using JTAG protocol

o %, Features:
D e Plugs into suitable Equinox programmer e.g. PPM4-MK1
@, e Generic 20-way ARM JTAG IDC connector
oo e Single-in-line header with all programmer 1/O brought out for wire-wrapping
ol | to bed-of-nails probe wires
atad) | oo ) o e Screw terminals for power connections
— | O e Target Vcc Status LED
b e Link to connect/ isolate the programmer Vcc from the Target Vcc
(o
'| - - 1) | RS
O
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1.5.6 Entering the License String to upgrade your programmer

Once you have received the License String from Equinox, please follow the steps below to apply the
upgrade to your programmer:

e Launch EQTools - The EQTools ‘Welcome Screen’ is displayed.

e Close down the EQTools ‘Welcome Screen’

e From the top menu bar, select <Programmer><Programmer Info>
-> the Programmer Information screen is displayed

e Click the <Enter License> button

- The <Enter License Key> screen is displayed.

Enter Licence key x|

It iz pozzible to purchase Licensze pgrades fram Equinos for thiz product which
will enable certain utilities or Device Libranes. Pleasze refer to the Equinos
YWiehszite [hitp: / fwia. equinos-tech.com) for a full izt of upgrades for thiz product
ar e-mail supparti@equinos-tech. com.

Pleaze enter the 24 character Hexadecimal licence key provided by E quinos o
enable certain options.

Key |[EAFIS7545585EE 8458542450

ok Cancel

Enter the License String you were sent by Equinox
e Click <OK>
- EQTools should acknowledge that the attached programmer has been upgraded.

Information x|

Operation: Update Programmer Licence information
Resulk; Pass

Press <0K > to view the updated programmer information.

e Click <OK>

e If you now check the Programmer Info screen, you should find that the entry for
‘AT91SAM7 ARM7 JTAG’ is now ENABLED.

e Your programmer is now upgraded to support JTAG programming of Atmel AT91SAM
ARM microcontrollers.
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2.0 AT91SAM7 - JTAG Programming Interface

2.1 Overview

There a number of different methods of programming the on-chip FLASH of an AT91SAM7
microcontroller as detailed in the table below.

Interface
FFPI Fast FLASH The FFPI Interface is a special programming interface
Programming designed for off-board programming of the AT91SAM7
Interface devices. It is not suitable for ISP programming as it uses
too many processor I/O pins.
usB USB Interface Uses the Atmel SAM-BA Boot Loader stored in ROM /
FLASH.
SPI SPI Interface Uses the Atmel SAM-BA Boot Loader stored in ROM /
FLASH.
JTAG ARM Debug Port Uses the ARM Debug Port for both In-System
Debugging and Programming.

The Equinox range of programmers use the ‘ARM Debug JTAG Interface’ for programming
AT91SAM?Y devices. This interface provides a method for both In-System Debugging (ISD) and In-
System Programming (ISP) of Atmel AT91SAM7 Microcontrollers. The JTAG Interfaces uses an
industry-standard set of signals to provide the connection between the programmer / debugger and
the AT91SAMY7 microcontroller. The actual JTAG Header (connector) used by Atmel and Equinox is
the standard 20-pin JTAG connector used for most popular ARM7 microcontrollers.

In the development environment, the JTAG Interface can be used for In-System Debugging of the
code running on the actual Target System. This method of operation requires the use of a third party
In-System Debugger. Using this equipment, it is possible to download code (firmware) to a Target
Chip and then execute and debug this code under PC control. The Debugger Software allows you to
set breakpoints in the code, read / write memory locations, look at register contents etc. This
functionality is not supported by any Equinox programmer.

In a production environment, the JTAG Interface can be use for high-speed In-System Programming
(ISP) of the Target Microcontroller. This method of operation requires the use of any Equinox ISP
Programmer which has been enabled to support the ‘AT91SAM7 JTAG’ algorithms.

The Equinox ISP Programmer range supports high-speed In-System Programming (ISP) of a single
or multiple AT91SAM7 microcontrollers on a Target Board using the 4-wire JTAG bus. Support has
now been added for programming of any AT91SAM7 microcontroller when connected as part of a
‘JTAG Chain’. This mode allows multiple JTAG devices to be in-system programmed using a single
JTAG bus.
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2.2 JTAG Features

e Fast Programming speeds

e Simple 4-wire JTAG bus connection + RESET signal

e JTAG programming does not depend on the AT91SAM7 oscillator frequency so JTAG
programming will always work

e JTAG interface is compatible with any third party In-System Debugger so same interface can
be used for development and production.

e Both ‘Single microcontroller’ and ‘JTAG-in-a-chain’ implementations are supported

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 18
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2.3 JTAG single-chip In-System Programming (ISP) Schematic

The diagram below details the connections required to implement JTAG In-System Programming of a
single Atmel AT91SAM7 microcontroller using an Equinox ISP programmer.

Fig 2.3 —~AT91SAM7 — JTAG Programming Interface connections
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AT91SAM7 — JTAG Programming Interface - signal names and directions
Programmer Signal description Signal Connect to Signal direction
Signal Name direction AT91SAM7 (from
(from Microcontroller | Microcontroller)
Programmer) | Pin
PROG TCK Test Clock Pin Output TCK Input
PROG_TDI Test Data Input Output TDI Input
PROG _TDO Test Data Output Input TDO Output
PROG TMS Test Mode Select Output TMS Input
PROG RESET RESET Output NnRST Input / Output
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2.4 JTAG Pins considerations

The JTAG port on an AT91SAM7 device is made up of the following pins: TDI, TDO, TCK and TMS
and nTRST (optional). On the AT91SAM7 Target System, it is recommended that a pull-up resistor to
the main microcontroller Vcc (e.g. 3.3V) is placed on the TCK, TMS and TDI pins. The TDO pin can
be left floating.

Programmer Signal description Signal Pull-up resistor | Pull-up resistor
Signal Name direction on on
(from Programmer Target System
Programmer) | Interface Cable
PROG TCK Test Clock Pin Output 47k ohm 47k — 100k ohm
PROG TDI Test Data Input Output 47k ohm 47k — 100k ohm
PROG_TDO Test Data Output Input 47k ohm Floating
PROG TMS Test Mode Select Output 47k ohm 47k — 100k ohm
Please note:

e The Equinox ‘SAM7 ISP Cable’ which connects the Equinox Epsilon5, FS2003 and FS2009
programmers to the AT91SAM7 Target System features 47k ohm pull-up resistors on the
TCK, TMS and TDI pins. These resistors can be removed if required.

e The Equinox ‘EQ-IOCON-10’ /0O Connector Module which connects the Equinox PPM3-MK2
and PPM4-MK1 programmers to the AT91SAM7 Target System features 47k ohm pull-up
resistors on the TCK, TMS and TDI pins. These resistors can be removed if required.

2.5 Erase Pin considerations

The ‘ERASE’ pin of an AT91SAM7 device is used to force a complete hardware ‘Chip Erase’ of the
device.

Erase pin Connect to: Comment

During normal Connect ERASE pin to GROUND (0V). This protect the ERASE pin from

operation spurious noise in harsh
environments.

To perform a Connect ERASE pin to Vcc for > 300ms This causes the device to erase the

Chip Erase GPNVM Fuse Bits, the entire
FLASH contents and the “Security
Bit”.

If you do not plan to lock the AT91SAM7 device by programming the “ Security Bit”, then you can
simply connect the ‘ERASE’ pin to GROUND on the Target System.

Warning!

o Ifthe “Security Bit” of the AT91SAMY7 device is programmed to a ‘1’, then the JTAG Port of
the device is then disabled. The device will no longer respond to any JTAG programmer which
is connected to the JTAG Port. This means that you cannot reprogram the device again!!!

e If you require a method to “unlock” an AT91SAMY device once the “Security Bit” has been
programmed, then it is recommended that provision for a link on the ERASE pin to both Vcc
and GROUND is made.
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2.6 TEST Pin

The *‘TST’ pin of an AT91SAMY7 device is used to enter ‘Fast FLASH Programming Mode (FFPI)’ or
‘SAM-BA Boot Recovery’ mode. The Equinox SAM7 programmers do not use either of these modes
so the use of the ‘TST’ pin is not required. It is therefore recommend that this pin is connected to
GROUND.

Please note:
If you wish to be able to use the Atmel SAM-BA software then you may want to make the ‘TST’ pin
user-selectable.

2.7 JTAGSEL Pin

The ‘JTAGSEL’ pin is used to force the AT91SAM7 device to enter ‘JTAG Boundary Scan’ mode.
This mode is NOT used by Equinox ISP programmers for programming these devices. The
‘JTAGSEL’ pin can therefore be connected to GROUND.

Please note:
If you wish to be able to use a third party Boundary Scan Tester on an AT91SAM7 Target Board, then
you may want to make the ‘JTAGSEL’ pin user-selectable.

2.8 RESET (NRST) Pin

The ‘NRST’ pin on an AT91SAMY device is controlled by the on-chip ‘RESET Controller (RSTC)'.
The external Equinox ISP programmer does not actually need control of the ‘NRST’ pin for
programming purposes but control of the ‘NRST’ pin may be required to control the execution of user-
firmware once it has been programmed into the FLASH.

Important notes:

e Equinox programmers do NOT drive the RESET pin (nRST) as standard. Instead the RESET
pin is tri-stated so the programmers has no control over the reset timing of the AT91SAM7
device.

e The '‘NRST’ pin on an AT91SAMY7 device is actually disabled as a RESET pin as standard.

e Itis up to the user firmware running in the AT91SAM7 device to enable the RESET pin in
order to allow an external RESET event.

e This means that the ‘NRST’ pin cannot be used to guarantee that user code will not execute
after a POR (Power-on-RESET) condition.

e ltis therefore very important to make sure that the user firmware does not place the
AT91SAMY device into any type of ‘Sleep Mode’ immediately after reset otherwise an external
JTAG programmer may not be able to enter programming mode.

e This can also mean that the very first time a virgin device is programmed, it will program OK.
However on subsequent programming attempts the nRST pin may force the device into the
reset condition thus stopping the external programming from connecting to the device.
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2.9 External Oscillator source

The AT91SAM7 devices initially use their ‘Internal Oscillator’ to execute from after a POR (Power-
on-RESET) condition. This oscillator runs from anywhere between 22 kHz and 46 kHz so the
AT91SAM7 will execute code but this execution will be very slow. An Equinox JTAG programmer will
use this ‘Internal Oscillator’ to initially ‘connect to’ the target AT91SAM7 device via JTAG. Once this
connection has been made, the programmer will then attempt to switch to a faster external oscillator
source such as a crystal or an oscillator signal which must be connected to the XIN / XOUT pin of the
device — see example connection of external crystal in the illustration below.

AT91SAM7S Microcontroller

XIN XouT GND

_———daaa

If a suitable external oscillator is not available then the programmer will use the ‘Internal Oscillator’
instead. This will make any programming operation very slow!

Please note:
An external oscillator source with a frequency of >= 3 .0 MHz is required for fast programming.

Please refer to Appendix 2 for further details about configuring the oscillator for programming.

2.10 Target Vcc requirements

The power supply to the AT91SAM7 device must meet very stringent power-up slope requirements
otherwise the device may not function correctly. These devices require a fast power-up slope
otherwise the device may not start-up correctly leading to erratic execution of code. Please refer to
the device datasheet and any relevant errata sheet for more detailed information.
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2.11 JTAG-in-a-chain In-System Programming (ISP) Schematic
The diagram below details the connections required to implement JTAG In-System Programming of
either a single or multiple Atmel AT91SAM7 Microcontrollers which are connected in a JTAG Chain’
arrangement.

Fig 2.6 — AT91SAM7 — JTAG Programming Interface connections
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The TDI signal is fed into the TDI input on the first JTAG Device in the chain. The data path then goes
through the first device and comes out on the TDO pin. The TDO pin is connected to the TDI pin of
the next JTAG Device in the chain.

AT91SAM7 — JTAG Programming Interface - signal names and directions

Programmer Signal description Signal Connect to Signal direction
Signal Name direction AT91SAM7 (from
(from Microcontroller | Microcontroller)
Programmer) | Pin
PROG_TCK Test Clock Pin Output TCK Input
PROG_TDI Test Data Input Output TDI Input
PROG_TDO Test Data Output Input TDO Output
PROG _TMS Test Mode Select Output TMS Input
PROG_RESET RESET Output RESET Input
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2.12 ARM JTAG Debug Interface (20-way)

All Equinox SAM7 ISP programmer solutions offer the use of the standard 20-way ‘ARM JTAG
Debug Header’ to connect to an AT91SAM7 Target System. This connector is a 20-way 2.54mm
female IDC (Insulation Displacement Connector).

19 1715 13 11 9 7 5 3 1 ARM JTAG Debug Header

The connector is a 20-pin bump-polarised IDC
sssscssssss connector with 0.1” pin spacing.

000000606 O0GS0 Pin 1 is the top right pin as shown in the diagram
opposite.

20 18 16 14 12 10 8 6 4 2

The pin-out of this connector is detailed in the table below:

Pin |Signal Type Description
No
1 VTref Input Target System Reference Voltage

This pin is used by the programmer to sense / power the
programmer Line Driver circuitry.

2 Vsupply No connect Not used by Equinox Programmers

3 NTRST Output No connect to Equinox Programmer

This signal is not used by Equinox Programmers.

It is pulled high with a 47k ohm resistor on the programmer
cable / connector module.

4 PROG_GND Passive Ground Connection
Common ground connection between programmer and
Target System.

5 PROG_TDI Output JTAG TDI — Test Data Input pin
Data signal from programmer to Target Device JTAG port.
6 PROG_GND Passive Ground Connection

Common ground connection between programmer and
Target System.

7 PROG_TMS Output JTAG TMS — Test Mode Select pin
Mode Select Signal from programmer to Target Device JTAG
port.

8 PROG_GND Passive Ground Connection

Common ground connection between programmer and
Target System.

9 PROG_TCK Output JTAG TCK — Test Clock Signal pin
Clock signal from programmer to Target Device JTAG port.
10 |PROG_GND Passive Ground Connection

Common ground connection between Programmer and
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Target System.

11

RTCK

No connect

Input Return Test Clock signal from Target System
This signal is not used by Equinox programmers.

12

PROG_GND

Passive

Ground Connection
Common ground connection between Programmer and
Target System.

13

PROG_TDO

Input

JTAG TDO - Test Data Output pin

JTAG data output from Target device JTAG port to
programmer. Typically connected to TDO pin on AT91SAM7
device.

14

PROG_GND

Passive

Ground Connection
Common ground connection between Programmer and
Target System.

15

PROG_RESET

Microcontroller RESET control signal

This pin connects to the main RESET pin of the Target
AT91SAM7 microcontroller or to the AT91SAM7 RESET
circuit on the Target System.

16

PROG_GND

Passive

Ground Connection
Common ground connection between Programmer and
Target System.

17

No connect

No connect to Equinox Programmer

18

PROG_GND

Passive

Ground Connection
Common ground connection between Programmer and
Target System.

19

No connect

No connect to Equinox Programmer

20

PROG_GND

Passive

Ground Connection
Common ground connection between Programmer and
Target System.
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3.0 Creating an EDS (Development) Project

3.1 Overview

This section describes how to make a ‘Programming Project’ for an Atmel AT91SAM7 device.

3.2 Information required to create a AT91SAMY7 Project

The following information is required about the Target Board in order to create an AT91SAM7 JTAG
Programming Project:

# | Information / data required Example

1 | AT91SAMY Device part number AT91SAM7S256

2 | JTAG connections / connector on Target board | 20-way IDC connector

3 | JTAG configuration i. Single JTAG device
or
ii. JTAG device is part of a ‘JTAG chain’

Devices before: 0
Devices after: 0
Bits before: 0
Bits after: 0

4 | JTAG chain configuration parameters

These parameters are required if the device to
be programmed is part of a ‘JTAG chain’. If a
single device is to be programmed via JTAG,
then simply set all the 'JTAG Chain’
parameters to ‘0’.

Internal RC Oscillator
External crystal oscillator
e External clock signal

5 | Target oscillator configuration to be used
during programming — see appendix 3

6 | Target external device oscillator frequency e.g. 12 MHz

7 | Target System Vcc voltage e.g. 3.3V

8 | Target System maximum current consumption | e.g. 100mA

9 | FLASH area ‘Program File’ Binary (*.bin) or Intel Hex (*.hex)

10 | Configuration Fuse values i. Boolean fuse values:

e.g. GPNVMO, GPNVML1 etc
These fuse values describe how the
‘Configuration Fuses’ in the AT91SAM7 device
are to be programmed.

11 | “Security Bit” settings The “Security Bit” is used to disable the
JTAG port after programming is complete.
12 | Reset circuit parameters e.g.

e Capacitor / Resistor circuit
e Watchdog supervisor circuit
e Voltage monitoring circuit
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3.3 Creating an EDS (Development project)

The simplest way to create a Programming Project for a JTAG device is to use the EDS
(Development Mode) Wizard.

The steps required to create a project are as follows:
e Select <Create a new Development (EDS) Project>
- the EDS (Development) Wizard will launch
Select the correct AT91SAMY device
Select the correct AT91SAM7 ‘Oscillator Source’ and ‘Oscillator frequency’
Set up the correct ‘Target Voltage’ and any other Voltage / Current related parameters
Specify the data file to be programmed into the FLASH (optional at this stage)

3.4 Selecting the correct Target Device

It is important to select the correct ‘Target Device’ when programming an AT91SAM7 device.
The part number of the device should be printed on the top of the chip e.g. ‘AT91SAM7S256'.

3.4.1 Device selection

e Click <Next> - the <Select Target Device> screen will be displayed.
e Typein the ‘Device Part Number’ e.g. AT91SAM7S256 into the ‘Search for Device’ field
-> a list of all matching devices will be displayed in the box underneath.

Select Target Device... E

Search far Device Micra Details | Notes

ATITSAMTS Manufacturer:
% ATIISAMTSTET ~ Atmel
B ATTISAMTS5E 1o A Family
M ATIISAMTS256 1ev B ATFISAMTS
8 ATTISAMTS25E 10vB-2 O —

B ATIISAMTSIZ rev A

* ATASAMTSI2 1w B AT SAMTS25E rev B

R ATIISAMTSIZT Flash Size:
R ATIISAMTIEIZ 1ev & 2627144 [0+40000]
R ATIISAMTIE Z-EXTT EEPROM Size:

@ AT SAMTSE2-EXT2

0 [0x0
B ATIISAMTSES rev & izl
% ATT15AM7SES rev B Slignature:
5[] ATHISAMTSE 0x0E 0341
R ATTISAMTSEZSE Viersion:
% ATIISAMTSES? T
B ATTISAMTSES2
’ b
Library: AT91SAM7.LIE Description: AT91SAMT ARM Microcontrollers Version: 0,22

] l [ Cancel

e Select the required device from the list and then click <OK>

Application Note 122 — In-System Programming (ISP) of the Atmel AT91SAM7 FLASH Microcontroller Families using 27
the JTAG Programming Interface. Version: V1.13 — 25" Jan 2010



%ﬂlm Application Note

The Imbedded Solutions Company.

- The device is now selected.

3.4.2 Silicon revision and Chip ID / Sighature

¢ On the next screen, check that the device selection and all other device parameters are

correct
Target Device H
Select the required target device from the lizt and device signature(z] to be checked
Selected Device
Manufacturer: Family: Device Code:
Atmel ATIISAMTS ATINS5AM7S256 rev B '% Select Deviceé
Device Algorithm Yerzion:  Silicon Bevizion: Signature;
0.28R ? [x0B0941
Flazh Size: Flazh Fage:
262144 [Dx40000) 286
T arget Programming Interface
JTAG [Atmel AT 9154M) W
Check Signature Fead JTAG [D:
C=0B 0947 C0F OFOF OF

e The project is set to automatically read and validate the ‘JTAG ID’ of the Target Device by
default. The ‘JTAG Revision’ is not validated if the first digit of the ‘JTAG ID’ is ‘0’.

e Atmel may have released multiple ‘silicon versions’ of the same AT91SAM7 device. Each of
these versions usually has a different / unique ‘Chip ID’ / Signature.

e The actual ‘Chip ID’ for the AT91SAMY device being programmed can be found in the Atmel
datasheet. Alternatively, it can be read from the target device using EDS.

Check Signature Read JTAG ID:
O=000340 D=0FOFOFOF

e If you are unsure of the actual ‘Chip ID’ for the AT91SAM7 device being programmed, select
the nearest device for now and then read the actual ‘Chip ID’ back using EDS.
e Click <Next> to advance to the next screen
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3.5 Target Oscillator Settings

When creating a ‘Programming Project’ for an Atmel AT91SAM7 device using the Equinox EQTools
software, it is necessary to specify the correct oscillator source and oscillator frequency in the
‘Target Oscillator Settings’ section of the project. These settings are used to calculate the correct
‘FLASH timing parameters’ for the AT91SAM7 device which are then used during the programming
process. The programmer requires the fastest possible oscillator in order to program the FLASH as
fast as possible.

If you are using EQTools build 2000 or above and programmer firmware >= 5.20, then the
programmer supports selection of all possible AT91SAM7 oscillator sources. It also supports the
option to automatically detect the fastest oscillator available.

Supported oscillator sources:
e Internal RC Oscillator
e External crystal oscillator
e External oscillator signal

The screen below allows you to set up the ‘Target Clock Mode’ and the ‘Target Oscillator
frequency’.

Overview | Programmer | Target Device | Target Osdillator | ITAG Settings || Target

Target ARM Device - Osdllator Settings
Target Clock Mode

Autodetect osdllator b

The programmer will attempt to automatically detect the fastest osdllator
souce available for programming the target ARM device.,

This could either be an external crystal osdllator (XTAL) or the ARM internal
RC osdillator.

The frequency of the fastest osdllator source will be measured and returned

Please refer to Appendix 3 for detailed instructions of how to select the correct oscillator source
and oscillator frequency.
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3.6 Target System — Power Supply Settings

This screen allows you to set up the Power Supply characteristics of your Target System.

™ Equinox Development Suite(EDS) Wizard... - Untitled

Target System Power Supply Settings
Select Target System Yoltage and Current Consumption
Target Yoltage Settings Programmer Controlled Power Supply
Voltage Programmer controlled T arget Power Supply: O
a3 ilJ M awirmurm Current [rmé] Powerdown Time [ms]
Tolerance [mt] 200 il 1000 il
500 il Current Settle Time [me]  PSU Ouk 0K Delay [mg] Yoltage Settle Time [msz]
Stabilise: Time (ms) 100 -3 500 -3 100 -3
00 il Paoweer Status at end of project:
Power Supply iz left switched OM at end of project L

Target Discharge Circuit
[ ] Target Discharge Circuit OM

External Target Yoo Switch

[ ] Extemnal Target Yoo Switch DM

Set Default

i. Select the Target Voltage

e This should be the voltage at which the Target Device itself e.g. AT91SAM7 IC is being
powered at during the programming operation. This is usually 3.0 — 3.3V.

e Set the ‘Voltage Tolerance’ to be as wide as possible e.g. 500mV to allow for power supply
variations. If the programmer is powering the Target System, this will also give a faster power-
up time.

e It may also be possible to power the entire Target System by feeding in a higher voltage e.g.
+5V into the power supply input on the Target System.

ii. Set up the Target Powering and current parameters
e This option is only available for the PPM3-MK2, PPM4-MK1 and ISPnano programmers.
e If the programmer is to power the Target System, select <Programmer controlled Target
Power Supply: ON>
e Setthe ‘Maximum Current’ to the maximum possible current which the Target System could
draw from the programmer.
e Leave all other settings as default.
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3.7 Specifying the FLASH (Code) File

This screen allows you to specify the Code (firmware) file which is to be programmed into the FLASH
area of the Target Device. This is an optional step — you can also specify the file once you are in the
Development Suite (EDS).

#  Equinox Development Suite(EDS) Wizard... - Untitled

FLASH Area Programming Options
Select the required programming options for the FLASH memory area

[ Blank Check Flash

Operation: () None (8) Programerify () Verify Only
Flazh File Timings

Flash File:  |C:\tempsJTAG_TestingFLASH. hex

Status: Loaded OF, Type: |Intel Hex [Genenc)
Minadd Q0000 Maw Add. |0w3FFF Bytes: 16384 [0:4000] CRC |0x6205
Buffer: Dizcard leading 0=FF Dizcard trailing 0«FF

wirite: @ Ao Range () Custom:  write Fram| 0:0000 To |O=3FFF Bytes; | 16304

Hotes:

< Back ][ Iemt > ][ Cloze

i. Blank Check the FLASH

e If the chip has been erased at the start of the programming cycle, then the FLASH should
already be blank (i.e. all locations contain the value OxFF).

e If you want to be absolutely sure the FLASH is blank, you can enable the ‘Blank Check
Flash’ option. This will perform a full Blank Check of the FLASH area to check that all
locations are set to OxFF.

e Warning — this check can be time-consuming and will increase the overall programming time!

ii. Selecting the FLASH File
e Click the <Browse> button
e Browse to and select the file you wish to load and then select <OK>
e If the input file is a BINARY file then the wizard will load the data in from file starting at address
0x0000 and continuing contiguously to the end of the file.
o Iftheinputfile is an ‘INTEL HEX' or ‘Motorola S-Record’ file then the wizard will load in from
file from the start address specified in the file to end address specified in the file.

Important note:

The ‘Internal FLASH Memory’ of an AT91SAM7 device can be mapped to two different address
ranges. EQTools expects the start address of data in the ‘INTEL HEX' or ‘Motorola S-Record’ file to
be 0x000000. If the start address in the file is 0x100000 then it will be necessary to resave the file
with an offset of 0x000000.
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3.8 Launching EDS at the end of the EDS Wizard

Once you reach the end of the EDS Wizard, click the <Test> button to launch the project in the
Equinox Development Suite (EDS).

Congratulations!

‘t'ou hawve now created a Development [EDS) project. This can be fully tested under PC contral
with the EDS Development Ervironment. The Project can then be uploaded to a programmer
and erecuted in ‘Standalone Mode'. Totest this project in D evelopment Mode:

- Click the < Test> button below

- Save your project with a suitable name eq. myproject. ppm

- Your project will launch in the Equinox Development Suite [EDS).

-You can now interactively program the Target Chip under PC control,

Pleaze note:
“'our project will be saved in the EQT ools installation directory by default.
Fleaze select an alternative directony to save pour projects when you save the EDS project.

To prograrm:

- FLASH area of the Target Chip, select the <FLASH: tab.
-EEPROM area of the Target Chip, select the <EEPROM:> tab.
- Configuration Fuses of the Target Chip, select the <Fuses: tab
- Secunity Fuzes of the Target Chip, select the <Security> tab

To upload thiz project to a programmer:

- Oneein EDS mode, test all agpects of the Programming Project

- Select the <Owerview: tab

- Click the <Add Project to a new Project Collection: button

- se Project Manager to upload the Pragramming Project ta the attached programmer.

Enter a name for the EDS project e.g. AT91SAM7S256 and click the <Test> button
-> Your project will now launch in EDS (Development) Mode.
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4.0 Testing a Project in Development (EDS)
Mode

4.1 Introduction to EDS

If you have clicked the <Test> button at the end of the EDS Wizard, then an EDS (Development
Mode) session will now launch.

“> Equinox Development Suite (EDS)... - C:\temp\SAM7Examples\AT9 15AM7XC512.EDS

verview | Programmer | Target Device | Target Oscillator | JTAG Settings || Target Power Supply | Flash | Fuses | Security | S4M7T Options

Praject Information:

pen £ Modify Base Programming Project | Qu!-

=0
|:,—'E, Add Project file to a new Project Collection |

q%'luf Update this project in an existing Project Collection |

C:\temphSAMYE RampleshsT 91 SAMTXCE1 2 PPM

Project Mame: Author:
Project Werzion: LCreation Date
1.0.0.0 2RM042009 w

Please note: To upload this project to a programmer, please either add the project to
an existing Project Collection or create a new Project Collection.

b ain Settings:
O ptiot; W alue ~
Target Device AT SAM =12
Programming Interface JTAG [Atmel ATI1SAM]
Target Waltage 2.2+~ B00mw
Frogrammer Powerz T arget Mo
Fre-Programming State M achine 24 - ikmel AT 54807 Microcontroller - JTAG 15P
Flazh file MHane zelected
JTAG Settings:
Speed Setting: SLOW
JTAG Frequency: B33 kHz b
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4.2 EDS - Default settings for JTAG, statemachine etc

The following default settings will be used:

e SLOW JTAG speed at maximum SLOW frequency

e Single JTAG device (no JTAG Chain)

e Target System not powered by programmer (unless enabled during the EDS Wizard)

e The default AT91SAMY7 - JTAG pre-programming state machine — Statemachine ‘24’ will be
used.

e The RESET pin will NOT be driven by the programmer by default. Instead it will be tri-stated at
all times.

e The “Configuration Fuse” Write is disabled (can be enabled in EDS)

e The “Security Bit” Write is disabled (can be enabled in EDS)

At this stage there are still a few parameters which may need to be set up / checked before the
programmer will communicate with the Target Device on the Target Board.

Please follow the instructions in the next sections which explain how to set up the:
e JTAG Frequency
e JTAG chain settings
e Oscillator source and frequency
e Test the Target Voltage
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4.3 JTAG Settings

The JTAG Frequency must be set up before any programming operation can take place.

To set up the JTAG Frequency, select the <JTAG Settings> tab.

Owerview | Programmer | Target Device | Target Oscillator | JTAG Settings | Target Power Supply | Flash || Fuses

JTAG Frequency
() Fast Frequency: (%) Slow Frequency: Maxirmum Slow Frequency

1,266 kHz 833 kHz 833 kHz

JTAG Daisy Chain Mode - supported by ATI15A [ JTAG Mizcellaneous Settings

[ ] Tanget Dievice iz part of aJTAG chain Read ID OPCODE
0000
= = IR Length
004

= 4

4.3.1 JTAG frequency

There are two choices of JTAG frequency setting:

i. Slow JTAG (default setting)
e Selecting the SLOW JTAG option allows you to specify a JTAG frequency from 30 kHz up the
maximum SLOW JTAG frequency.
e This option should be used if there are reliability problems with JTAG programming using the
‘FAST JTAG’ option. If the JTAG frequency is slowed down, the reliability of programming
often increases.

ii. FAST JTAG
e Selecting the ‘FAST JTAG’ option selects a single high-speed JTAG frequency which is fixed
for the selected programmer.
e This option should be tried to see if reliable programming of the Target System is possible. If
programming proves to be unreliable, then try using the ‘SLOW JTAG’ instead.
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4.3.2 JTAG Chain settings

To set up the position of the Target AT91SAM7 Device in a JTAG Chain, select the <JTAG Settings>
tab.

JTAG Daisy Chain Mode - supported by AT315AM 75256
[ Target Device iz part of a JTAG chain

2 2
2 2

i. Single JTAG Device
If the programmer is only connected to ONE JTAG device, then you can leave all the settings as their
default value of ‘0’. This means the Target Device is the first and only device in the JTAG Chain.

ii. Device is part of a JTAG Chain

If the Target Device to be programmed is connected so it is part of a JTAG chain, then it is necessary
to specify the number of ‘JTAG devices’ and ‘Instruction Bits’ both BEFORE and AFTER the
Target Device in the Chain — see example JTAG Chain below.
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4.4 Checking the AT91SAMY7 — Target Voltage

It is a good idea to check that the target AT91SAM7 device is powered at the correct voltage before
trying to program it. An AT91SAM7 device normally runs at between 3.0 and 3.3V with the core
running at 1.8V. The programmer ‘Target Vcc’ pin should be connected to the 3.3V rail on the Target
System allowing the programmer to measure the Target Voltage (even if the programmer is not
powering the Target System).

To check the Target Voltage using the programmer, please follow the instructions detailed
below....

e Select the <Target Power Supply> tab

Owerviews | Programmer | Target Device | Target Oscillator | JTAG Settings | Target Fower Supply | Flash | Fuzes

Target Yoltage Settings Programmer Controlled Power Supply
Yaltage Frograrrmer controlled Target Power Supply: OM w
33 le Maximum Cumrent [ma]  Powerdown Time [ms]
Tolerance [mY] 500 il 1000 jl
500 jl Current Settle Time [mz]  PSU Qut OF. Delap (ms) Yoltage Settle Time (ms)
Shetale T (il 500 % 800 -3 500 -3
200 il Power Status at end of project:
Power Supply iz switched OFF at end of project w
i Bower up... | Meazure V... | ¥ Rezet |

If the programmer is going to power the Target System.....
e Set up the voltage / current parameters accordingly (see programmer User Manual for detailed

instructions)

e The ‘Target Voltage’ should be set the actual voltage which the AT91SAMY device is running
ate.g. 3.3V.

e The programmer will then generate JTAG signals which swing between OV and the ‘Target
Voltage'.

e Click the <Power up> button to power up the Target System.

e > The programmer will then switch on the programmer controlled power supply and the
Target System should power up to the specified voltage.

e The measured ‘Target Voltage’. will be continuously displayed. If it is not, then you can
simply click the <Measure V/I> button.

e The voltage should be within 3.0 and 3.3V.

If the programmer is NOT powering the Target System...

Switch on the independent power supply which is connected to the Target System.
Click the <Measure> button to measure the ‘Target Voltage'.

e The voltage should be within 3.0 and 3.3V.
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4.5 Testing JTAG communication with the AT91SAM7 device
4.5.1 Overview

To make sure that the programmer can communicate to the Target JTAG device, try reading back the
Device Signature (SAM7 Chip ID) and JTAG ID as follows:

e Select the <Target Device> tab

e Click the <Check ID> button
- The programmer will now try to communicate with the Target Chip via the JTAG Interface
-> If the Target Chip responds correctly, then EDS will report ‘Signature and JTAG ID Check —
Result: Pass’.

Information @

- COperation: Signature and JTAG ID Chedk
\]}) Result: PASS

Signature Read: 0x5C0A40

JTAG ID: Ox3F0FOFOF
Revision: 3

Part Mumber:  OxFOFO
Manufacturer: 0x0787

Diagnostic Info ==

e The Device Signature (Chip ID) is displayed e.g. 0xD0940

e The full ITAG ID is displayed: e.g. 0x3FOFOFOF

e The JTAG ID is then split into the ‘Silicon Revision’, ‘Part Number’ and ‘Manufacturer’.
This is not relevant for AT91SAM7 devices. The ‘Chip ID’ holds this information instead.

This message means that the programmer has established a connection via the JTAG interface to the
specified target AT91SAM7 device and that the device has the correct ‘Chip ID’ as specified in the
device library.
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4.5.2 Diagnostic Info

Every time the programmer enters programming mode, it will return detailed diagnostic information
about the target device. This information includes the Target Voltage, oscillator frequency and FLASH
timings.

To view the ‘Diagnostic information’:
e Click the <Diagnostic Info> button on any EDS screen
e Select the <Diagnostic Information> tab
- The diagnostic information is displayed as shown below.....

Target Details | Diagnostic Information

43 diagnostic bytes returned

LSS (s M ES A S s R [
Flazh Retry= 0

EEPROM Retp=10

Prog Retry=0

Target Voltage=3.26

T arget Current=0.00 mé,

Signature= 0=5C0440

JTAGRead D= 0x3FOFOFOF

ATI15AMY Page Lock Bits [only read during a Standalone Project]
ATI1SAMY Page Lock Pre-Erase Bits= Mot Wald

ATHSAMY Page Lock Pozst-Eraze Bitzz= Mot VW alid

AT SAMY Page Lock Post-Lock Bitz= Mot W alid

Target Clock Settings
Target Ozcillator Frequency=18.94 MHz

Flazh wait states [PafS)=10
Flazh cycle number [FMCH)= 23

Please note:
The detailed ‘Diagnostic Information’ requires that firmware 5.15 or above is installed in the
programmer.

4.5.3 Possible failure messages

The action of performing a <Check ID> can produce any of the following error messages:

i. Error 3039 / 3044 — Failed to enter programming mode

These errors are discussed in the next two sections.
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4.5.4 Error 3044 / 3039 — Failed to enter programming mode

This error message means that the programmer attempted to place the target AT91SAM7 device into
programming mode, but the operation failed for some reason.

@ Dperation: Signature and JTAG ID Check

Result: FaIL
Signature Read: Failed to read back signature
Expected Signature: 0x5C0A40
Read JTAG ID: 0x917C5000
Expected JTAG ID: 0x0FOFOFOF
Read Expected
Revision 9 0
Part Mumber 0x17C5 0xFOFD
Manufacturer  0x0630 0x0787

Error 3039 - Failed to Enter Programming Mode, fried 1 times!
Debug Info - 001, Ox04, OxFF

Diagnostic Info >

This could be due to many things including incorrect JTAG / power wiring, no power on the Target
System, JTAG frequency too high, incorrect oscillator source specified etc. etc.

Please note:
The error message also displays 2 or 3 ‘Debug Info’ bytes.

Operation: Signature Check
Result: FAIL

Error 3039 - Failed to Enter Programming Mode, tried 1 times!
Debug Info - Ox01, Ox04, OxFF

The first ‘Debug Info’ byte indicates where in the sequence of entering programming mode that the
process failed and can be useful in pin-pointing where the problem lies. You can look up what these
bytes mean in appendix 2 of this application note.

If you receive this error, please check the following:

Hardware checks.....

e The JTAG connections between the programmer and the Target System are correct.

e There is definitely power applied to the Target System and to all the JTAG devices if the
Target Device is part of a JTAG chain. (Please note — The error message will display the
Target Voltage — click the Diagnostic Info button.)

e The TST pin on the AT91SAMY device is connected to 0V.

e The JTAGSEL pin on the AT91SAM7 device is connected to OV.
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e The ERASE pin on the AT91SAMY device is connected to 0V.

e Check that the RESET pin of the AT91SAM7 device is not being held low by an external reset
circuit on the Target Board. This will prevent the device from running the debugger code.

o Ifthere is a RESET button or RESET jumper on the Target Board, try resetting the device.

e Try removing power from the Target Board and then switching power back on again.

EQTools checks.....

e The ‘Communications Timeout’ is set to at least 1000ms in the ‘Communications and
Scripting setup’ screen.

e The ‘JTAG Chain’ settings are correct for the Target Device being programmed.

e Try slowing down the ‘JTAG Frequency’ and then try to check the Device Signature again.

If none of the above suggestions prove to be successful, then the problem could be related to
one of the issues listed below:
e The “Security Bit” in the target AT91SAM7 devices is not already programmed to a ‘1’ — see
section 4.9 for further details.
e Check that any ‘'SAMY firmware’ which is already in the FLASH of the SAM7 device does not
continuously reset the processor or stop an external programmer from entering debug mode.
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4.5.5 Error 41 or 3041 — Signature FAIL message

This error message means that the programmer managed to communicate OK with (connect to) the
target AT91SAMY7 device via the JTAG interface, but the Device Signhature (Chip ID) read back does
not match the Chip ID in the device library.

@ Oper ation: Signature and JTAG 1D Check
Fezsult: Signature FAIL

‘ Signature Read: (080941
Expected Signature: 0000940

| ITAG ID: Ox3F0F0FOF

| Revision: 3
Part Number:  [xFOFD
Marufacturer:  Ox07B7

Jisgriostic Info <
Target Details | Diagnostic Irfior mation

111 diagrioshic bebes rethuired

k20 2 O 2 OO R O OB O i CO i DDV 2
Flash ﬂl:ﬂg,*- 0

EEPROM Retry=0

‘Prog Reby=10

Please note:
To view the full diagnostic information about this error, click the <Diagnostic> info button.

This message confirms the following:
e The connections between the programmer and AT91SAM7 device are OK.
e The programmer is correctly communicating with (connecting to) the AT91SAM7 device.

If you receive this error, please check the following:

e The problem is simply that the ‘Chip ID’ (Signature) read back from the AT91SAM7 device
does not match the ‘Chip ID’ in the programming project.

e Check that you have selected the correct AT91SAM7 device in your project.

e Check if the ‘Chip ID’ read back from the AT91SAM7 device matches one of the ‘Chip IDs’
from a different silicon revision of the same device. This information can be found in the Atmel
device datasheet.

e The 'JTAG Chain’ settings are correct for the Target Device being programmed.

e Try slowing down the ‘JTAG Frequency’ and then try to check the Device Signature again.

o If the Signature looks like a valid ‘Chip ID’, make sure that you have selected the correct
JTAG Device in the chain. It is possible that the programmer is actually communicating with a
different device by mistake and hence reading the wrong signature.

e For further diagnostics information, click the [Diagnostic Info>>] button.

If you still cannot find a device with the correct ‘Chip ID’:
e Try disabling the ‘Signature Check’ option on the Target Device tab.
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4.6 Erasing the FLASH area
4.6.1 Overview

The FLASH area must be erased so that each location contains the value OxFF before any new data
can be programmed into it. It is possible to erase the area of a Target Device by clicking the <Erase>
button. This send the ‘Chip Erase’ command to the target AT91SAM7 device which will then erase
the entire FLASH.

Please note:
e The Configuration Fuses (GPNVM fuses) are not affected by a Chip Erase operation.
e The Erase operation will automatically unlock any locked sectors of the FLASH memory.

4.6.2 Erasing the FLASH area

The only way to erase the FLASH area of the Target Device under programmer control is to use the
‘Chip Erase’ command:

e Select the <FLASH> tab

e Click the <Erase> button

e This will send the ‘Chip Erase’ command to the Target Device.

e The Target Device will then erase the FLASH

¢ To confirm that the FLASH area is definitely blank, you can choose to perform a ‘Blank

Check’ operation.
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4.7 Programming the FLASH Area
4.7.1 Overview of AT91SAM7 Memory Map

The ‘Internal FLASH Memory’ of an AT91SAM7 device can be mapped to two different address
ranges. EQTools expects the start address of data in the ‘INTEL HEX’ or ‘Motorola S-Record’ file to

be 0x000000. This is the default value before the device remaps the FLASH — see memory map
diagram below.

4 0x0000 0000 o Boore Reman | &L
ash Before Remap 1 MBvies
OXOOOF FFFF SRAM After Remap y
0x0010 0000 /= -======F=---cmcmcmecnaea--
Internal Flash 1 MBytes
0x001F FFFF
o0xo0020 o000 P mmmmel e e.
256 MBytes Internal SRAM 1 MBytes
Ox002F FFFF
0x0030 0000 p—-—--ooe e e emeecenee e aaaa

Undefined Areas
(Abort) 253 MBytes

V  OXOFFF FFFF

Important note:

If the start address of the data in the ‘Intel Hex’ or ‘Motorola S-Record’ input file is 0x100000 then it
will be necessary to resave the file with an offset of 0x000000.
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4.7.2 Instructions to program the FLASH area

The instructions detailed below describe how to program the contents of a file into the FLASH area of
the Target AT91SAM7 device:

e Select the <FLASH> tab
e If you have not already selected a data file to program, click the ‘Edit buffer’ check box and
then click the <Load> button to select a suitable Binary or Intel Hex file.

Important note:
If the start address of the data in the ‘Intel Hex’ or ‘Motorola S-Record’ input file is 0x100000 then it
will be necessary to resave the file with an offset of 0x000000.

e The contents of the specified file should now be displayed in the Buffer Window.
e Click the <Write> button

Write Block to Flash X]

Electronic Chip Eraze
IJze file start and end addrezses

[ Entire Device ]

[Hemu:uve preceeding 'EI:-:FF']

[ Remove traling '0«FF' ]

] l [ Cancel

e EDS will automatically perform a Chip Erase by default which will erase the entire FLASH
before programming any data into it.

e Select the address range you wish to program.

e EDS will automatically use the ‘Start’ and ‘End’ address of the FLASH input file unless
otherwise specified. This reduces the total data actually programmed to the number of bytes in
the input file rounded to the end of the nearest FLASH Page.

e If you want to program the entire FLASH range, click the <Entire Device> button.

e Click <OK> to program the FLASH of the Target Chip.

e The programmer should now start to program the chip.

e If any of the AT91SAMY7 ‘Sector Lock Bits’ are enabled, the programmer will automatically
disable them so the relevant pages of FLASH can be programmed.

e The BUSY LED will illuminate on the programmer.
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e The programmer will program the contents of the Buffer Window into the FLASH area of the
Target Device.

e Each block of data is programmed and then verified so if a failure occurs it will be notified
immediately.

e To verify that the data has been programmed correctly, click the <Verify> button.
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4.8 Programming the Configuration Fuses
4.8.1 Overview

The Configuration Fuses of an Atmel AT91SAM7 device can be programmed / read using the
<Fuses> tab.

Instructions:
e Select the <Fuses> tab
o If thisis a new EDS project, then the Fuses will be disabled.
e Check the ‘Program Pre-Lock Bits’ box - the Fuses can now be programmed

Overview | Programmer | Target Device | Target Oscillator | JTAG Settings || Target Power Supply || Flazh | Fuses
Program Pre-Lock Fuse Bitz PLC Fuses:

Fuse Programming Action:

- Set Default
Proaranm erify w
[C] Read from Fuse file. Enter Hex...
Impart....
Fuzes [Boolean Walues] | PC Fuse State Target Fuze State Dezcription Erport...

GPMYMO 0 - UNPROGRAMMED Enable Brovwn out Detectar (=1]

GPrNWRI 0 - UNPROGRAMMED Enable Brown out RESET [=1) Target Fuses:
¥ Bead
¥ Wiie
-1' Wity

<4 Copy
Local Fuses [Hex Walues): Target Fuzes [Hes Values]:
Byt 0:0=00

e The values of the Fuses which could be programmed into the Target Chip are shown in the
‘PC Fuse State’ column. The initial Fuse values are the default Fuse values for a virgin chip.

e The ‘Target Fuse State’ column displays the current value of the Fuses of the actual Target
Device. They are initially set to be blank or *?" until the first read or write operation is
performed.

e The Fuse Hex values are shown for the ‘PC Fuse State’ at the bottom of the screen.
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e Ared ‘X nextto a fuse indicates a ‘Dangerous Fuse’. Programming one of these fuses
incorrectly could result in the chip no longer responding to the programmer.

4.8.2 Reading the Fuses from a Target Device

To read the Fuse Values from a Target Device:
e Click the <Read> button

e The Hex values of the ‘Fuse Bytes’ which are read back are displayed as follows:
Information g|

Result; PASS

i() Operation: FUSE Read
i Fuszes Values Read: Ox04

Diagnostic Info ==

e The Fuse values from the Target Device are now displayed in the ‘Target Fuse State’
column.
Fuses [Boolean Walues] | PC Fuse State Target Fuze State Dezcrption

GPHYIO 0- UNPROGRAMMED 0O- UNPROGRAMMED Enable Erown out Detector [=1]
GPHYRT 0- UNPROGRAMMED 0O-UNPROGRAMMED Enable Brown out RESET [=1]
GPHWZ 1 -PROGRAMMED 1 - PROGRAMMED B oot Wector [0=R0OM, 1=FLASH]

Local Fuges [Hex Walues); Target Fuses [Hex Walugs):

Byte 0:0x04 Byte 0:0x04
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4.8.3 Writing the Fuses into a Target Device

e To program the Fuses values in the ‘PC Fuse State’ column into the Target Device, click the
<Write> button
e The programmer will then report a PASS or FAIL for programming the Fuses.

Information

ot Operation: FUSE Write

1 Result: PASS
Fuse Bits have been programmed jverified OK
Fuses Values Read Back: 0x04

Diagnostic Info ==

Warning!
e Atmel state that for many of the AT91SAM7 microcontrollers the ‘GPNVM Fuse Bits’ can only
be programmed up to a maximum of 100 times.
e To avoid ‘wearing out’ of the ‘GPNVM Fuse Bits’, it is therefore recommended that the fuses
are only programmed when absolutely necessary.

4.8.4 Fuse Write Failure messages

The Fuse Write operation can fail for the following reasons:
e The Target Device will not enter programming mode (Error 3039).
e One of the fuses will not program for some reason. E.g. The fuses have ‘worn out’ because
they have been programmed more than 100 times.

If you receive ‘Error 3039 — Failed to enter programming mode’, please refer to section 3.7.3 for
help.

Operation: FUSE Write
Result; FAIL

Error 3039 - Failed to Enter Programming Mode, fried 1 times!
Debug Info - Ox01, Ox04, OxD3

Diagnostic Info ==
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4.8.5 Verifying the Fuses of a Target Device
To verify the Fuse Values in a Target Device with the Fuse Values in the ‘PC Fuse State’ column:
e Click the <Verify> button

e Any differences in the Fuse Values between the ‘PC Fuse State’ settings and the ‘Target Fuse
State’ settings will now be displayed.

4.8.6 Using a ‘Fuse File’ to import Fuse settings into a project

It is possible to export the ‘Fuse Values’ for a particular device to a so-called ‘Fuse File’ so that a
single copy of the fuses is stored in one place. This ‘Fuse File’ can then be shared amongst many
projects if required. See section 4 for further details about using ‘Fuse Files’ .
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4.9 Programming the AT91SAMY7 “Security Bit”
4.9.1 Overview

The AT91SAM7 microcontroller families all feature a single “ Security Bit”. Once this fuse it enabled
(setto ‘1’), then the AT91SAMY device will no longer respond to any command sent to the device
from the programmer. This allows you to lock the AT91SAM7 device so that it is then no longer
possible to read the program data from the device or to write an further data to the device.

Warning!

e If the “Security Bit” of the AT91SAM7 device is programmed to a ‘1’, then the JTAG Port of
the device is then disabled. The device will no longer respond to any JTAG programmer which
is connected to the JTAG Port. This means that you cannot reprogram the device again!!!

e If you require a method to “unlock” an AT91SAM7 device once the “ Security Bit” has been
programmed, then it is recommended that provision for a link on the ERASE pin to both Vcc
and GROUND is made.

4.9.2 Programming the “Security Bit”

The instructions below detail how to enable the AT91SAM7 “Security Bit”:

Instructions:
e Select the <Security Bits> tab
e If thisis a new EDS project, then the ‘Security Fuses’ will be disabled.
e Check the ‘Program Device Security Fuses’ box - the Security Fuses can now be
programmed

Overview | Programmer | Target Device | Target Dscillator | JTAG Settings | Target Power Supply | Flash | Fuses | Security

Program Device Security Fuges / Security Level FC Fuses:
Fuze Prograrming Action:
Set Default
Frogram Only W
] Read from Fuse file. Enter Hex...
Impart...
Fuzes (Boolean Walues)  PC Fuze State Target Fuse State D escription Expart...
€3 Secuity Bit 0 - UNPROGRAMMED 7 Device Security Bit
Target Fuses:
¥ Bead
B wiie
P Veiity
\:ff' Erase
<< Copy
Local Fuses [Hex Values): Target Fuses [Hex Values]:
Byte 0:0x00 "

e Set the ‘Fuse Programming Action’ to ‘Program only’
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e Double-click the " fuse to change its value to ‘1’

Fuzes [Boolean Walues] | PC Fuse State Target Fuze State Dezcription

Security Bit 1 - PRDGRAMMED D evice Security Bit

Click the *Write’ button to program the “Security Bit” to ‘1’.
- The programmer can no longer communicate with the target AT91SAM7 device.
- A ‘Security Write’ error message is displayed.

Operation: SECURITY Write
Result: FAIL

Error 3033 - Failed to write Lock Bytes 1!

e The Target Device is now locked
e Itis nolonger possible for the programmer to communicate with the target AT91SAM7 device.

4.9.3 Recovering a AT91SAMY7 device

Once the AT91SAMY7 “ Security Bit” has been programmed to a ‘1’, then the target device will no
longer respond to any command sent by the programmer via the JTAG port.

The only way to recover the AT91SAM7 device is as follows:
e Connect the ERASE pin of the AT91SAM7 device to Vcc (e.g. 3.3V) for > 300ms
e Re-connect the Erase pin to OV
- The AT91SAMY device has now been erased and the “ Security Bit” has been set back to a
‘0.
- The programmer should now be able to communicate with the AT91SAM7 device again.
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4.9.4 Reading the “ Security Bit” from a Target Device

To read the Security Bit Values from a Target Device:
e Click the <Read> button

e The Hex values of the ‘Fuse Bytes’ which are read back are displayed as follows:

& Cperation: SECURITY Read
J;) Result: PASS

Security Fuse Values Read: 0x00

e The Security Bit values from the Target Device are now displayed in the ‘Target Fuse State’

column.
Fuses [Boolean Yalues]  PC Fuse State Target Fuse State Drescription
€3 Security Bit 0- UNPROGRAMMED 0O-UNPROGRAMMED Device Securty Bit
Please note:

If the “ Security Bit” has been programmed to a ‘1’, then reading back of the fuse will fail as the
device is now locked.
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4.10 Reading the FLASH Page Lock Bits

The Atmel AT91SAM7 devices feature special ‘FLASH Page Lock Bits’ which are used to lock
certain pages / sectors of the FLASH memory area. EQTools supports reading back of these bits and
displays them as hex bytes.

To read the ‘FLASH Page Lock Bits’:
e Select the <SAM7 Options> tab in EDS

Overview | Programmer | Target Device || Target Osdillator | JTTAG Settings | Target Power Supply | Flash | Fuses | Security | SAMT Options

SAMT Page Lock Bits

e Click the <Read> button
e The 'FLASH Page Lock Bits’ are now displayed as four hex bytes.

Information g

= Operation: Read ATS1SAMT FLASH Page Lock Bits
\]}) Result: PASS

Lock Bits Read: [0x00] [0x00] [0x00] [0x00]

Diagnostic Info ==

Some devices feature 16 x ‘FLASH Page Lock Bits’ and other feature 32 x ‘FLASH Page Lock
Bits’ Lock Bits. The hex bytes are displayed in lowest address first.

Please note:

e Some devices feature 16 x ‘FLASH Page Lock Bits’ and other feature 32 x ‘FLASH Page
Lock Bits’ Lock Bits.

e The hex bytes are displayed in lowest address first.

o Ifthe AT91SAMY device is a virgin (never programmed before) device then all lock bits should
be ‘0.

e This functionality requires that firmware version 5.14 or above is installed in the programmer.

e Itis NOT possible to write the ‘FLASH Page Lock Bits’ using EQTools. This should be
handled by your own AT91SAM7 firmware.
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4.11 Exporting an EDS Project to a Standalone Project

Once you have fully tested your EDS Development Project, it is possible to add the project to a
Project Collection and then upload it to a programmer as a so-called ‘Standalone Project’. The
project can then be executed on a programmer without requiring any form of PC control.

Please follow the instructions detailed in Section 6 to upload your EDS project to a programmer.
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5.0 Exporting / Importing Fuse Settings to /
from File

5.1 Overview

One of the new power features of EQTools is the ability to export the ‘Fuse Settings’ for a
Programming Project to a Fuse File (*.eff). This allows the settings for all the fuses to be contained in
one Fuse File which can then be imported into any of the Fuse tabs in Project Manager or in the
<Fuses> tab in EDS. In this way, the values of all the Fuses for a particular project can be shared
with other projects. This helps to ensure that the correct fuse values are specified in all projects.

5.2 Exporting the Fuse Settings to a Fuse File

To export the settings of the ‘Local Fuses’ column to a fuse File:
e Select the EDS <Fuses> Tab
e Set up the ‘Local Fuses’ to the correct values for your Target Device.
e Click the <Export> button - a file browser is displayed.
e Enter a suitable name for your Fuse File e.g. project_fuses.eff
e Click <Save> - The ‘Local Fuses’ column is transferred to your specified Fuse File (*.eff).

5.3 Copying the Fuses from a Target Device

To copy the Fuses from the Target Device to a Fuse File:

e Select the EDS <Fuses> Tab

e Click the <Read> button
-> the Fuses are read from the Target Device and are then displayed in the ‘Target State’
column.

e Click the <<Copy button
- the Fuse settings read from the Target Device are copied into the ‘Local State’ fuse
column.

e Click the <Export> button - a file browser is displayed.

e Enter a suitable name for your Fuse File e.g. project_fuses.eff

e Click <Save> - The ‘Local Fuses’ column is transferred to your specified Fuse File (*.eff).

5.4 Importing the Fuse Settings from a Fuse File

To import the settings of the ‘Local Fuses’ column from a Fuse File:
e Select the EDS <Fuses> Tab
e Click the <Import> button > a file browser appears
e Browse to and select your Fuse File (*.eff)
- The Fuse settings are then automatically copied from the Fuse File to the ‘Local Fuses’
column.
e To program these settings into a Target Device, click <Write>.
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6.0 Creating a Standalone Programming
Project

6.1 Overview

Once you have tested your project fully in EDS (Development Mode), it is possible to then make this
project into a ‘Standalone Project’ which can be uploaded to a programmer. This single standalone
project file (*.prj) will contain all the information required to program the Target Device including
FLASH file, EEPROM file, Fuse settings, Security Settings etc.

6.2 Creating a Standalone Project from EDS (Development Mode)

In EDS (Development Mode), select the <Overview> tab

Overview | Programmer | Target Device | Target Oscillator | JTAG Settings | Target Power Supply | Flash | Fuses || Security

Project Information:

= Open / Modify Baze Programming Project

a1k -

Add Project file to a new Project Collection

G &

Gy |pdate thiz project in an existing Project Collection

C:Atemphd T 91 SAM 7S 206 PPM
Project Marne: Author:
Project Wersion: Creation D ate

1.0.00 14/11/2008 b

Please note: To upload this project to a programmer. please either add the project to
an exizting Project Collection or create a new Project Collection.

b ain Settings:

Option: Walue

Target Device ATI5AMTS 256
Frogramming Interface JTAG [Atmel AT3154M]
Target Yoltage 3.3+ 500

Prograrmmer Powers T arget Mo

Pre-Programming State Machine 24 - kel AT SAMT Microcontroller - JTAG [SP
Flazh file Chbempha T SAMTEST hex
JTAG Settings:

Speed Setting: SLOW
JTAG Frequency: 333 kHz

Target Device iz not part of a JTAG chain

o If this is the first time the EDS Project has been uploaded to a programmer, click the
<Add Project File to a new Project Collection> button.

e If the EDS Project has already been uploaded to a programmer before, click the
<Update this project in an existing Project Collection> button.
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6.3 Add Project File to a new Project Collection

When the <Add Project File to a new Project Collection> button is pressed, the EDS project will be
automatically added to a new ‘Project Collection’.
e The EDS Project will appear in a ‘Project Manager’ window.

Tarom—

Mumber | Unigue |d Werzion Build Date Target Device Mir Firmware | Size [pagesz] Mame
E——,L}EI ATHISAMTSZEE 1.0.0.0 1441/2008 at 2333 ATIISAMTSZRE 307 a7

Information

\i}) Cperation: Project has been added to a new Project Collection.

You now need to Save the Project Collection file with a suitable name e.g. myprojectcollection.ppc.
The name can contain up to 128 characters and can be a mix of upper, lower and alphanumeric characters.

e You will then be prompted to save the ‘Project Collection’.
e Choose a suitable name e.g. Test.ppc and click the <Save> button.
e The Project Manager window is now displayed — see section 6.4.

6.4 Uploading a Project to a programmer

The Project Manager window displays all the projects in your Project Collection.

E® Project Manager - C:\temp\Test.PPC E@@
Mumber | Unique Id Wergion Build D ate Target Device Min Firmware | Size [pages]  Mame Authar Fielative Path
et Xl ATHISAMTS286 1.0.0.0 14411/2008 at 2233 ATHSAMTS286 307 27

Programmer Type: F52009 Total FLASH usage - Used: 7.0 KB (0.2%), Free: 4.0 MB bytes (39.8%)

In this example we have only one project called ‘AT91SAM7S256'.
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The ‘Unique ID’ is the ‘Project Name’ which is also the file name you saved the project with in EDS.

To upload the project to the programmer:
e Click the <Upload all projects> button
-> uploads all the projects in the collection to the programmer.
or
e Click once on the project you wish to upload in the Project Manager window and then click
the <Upload selected project> button
- uploads only the selected project in the collection to the programmer.

Follow the on-screen Upload Wizard instructions to complete the uploading of the project(s) to the
programmer(s).

6.5 Re-testing a Project in EDS (Development mode)

If you want to re-test a Programming Project in EDS (Development Mode), the simplest method to do
this is as follows:
e Use Project Manager to open your Project Collection (*.ppc file)
¢ Click once on the project which you wish to test in EDS mode. This will select the project.
e Click the <Test in EDS> button
- The selected project will now be opened in EDS (Development Mode).
- You can now test your project in EDS (Development Mode).
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Appendix 1 - AT91SAM7 ISP Cable for
Epsilon5, FS2003 and FS2009 programmers

1.0 Overview

It is necessary to use a special ‘AT91SAM7 ISP Cable’ to connect between an Epsilon5, FS2003 or
FS2009 programmer and an AT91SAMYS ‘Target System’. This cable converts the programmer pin-
out to the standard 20-way ARM JTAG pin-out suitable for plugging into a 20-way IDC socket on an
AT91SAMY7 Target System. It also provides a safe way of powering the Target System from the
programmer at 3.3V if required.

1.1 Features

e Compatible with Equinox Epsilon5, FS2003 and FS2009 programmers

e Converts the programmer pin-out to the standard 20-way IDC ARM JTAG connector suitable
for plugging into an AT91SAMY7S Target Board

e Supports powering of the Target System with a regulated 3.3V supply from the programmer

e Supports powering of the programmer from a Target System running at 3.0 - 5.V

e Provides 47k ohm pull-up resistors on the JTAG signal lines

1.2 Programmer compatibility

The ‘AT91SAMY7 ISP Cable’ is compatible with the following Equinox programmers:
e Epsilon5 MK2, Epsilon5 MK3
e FS2003
e FS2009
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1.3 Power Supply - Selection Jumper

If you have version ‘V1.1’ of the ‘AT91SAM7 ISP Cable’ then you will find a ‘3-way Jumper Link’ on
the circuit board. This jumper is used to configure how the Programmer and Target System are
powered. The jumper is labelled ‘IN’ and ‘OUT’ on the actual PCB. Please refer to the table below to
select the correct powering method for your application.

Link Link | Powering scenario Voltage (V)
pins pos
1-2 IN Target System powers the Programmer 3.0-5.0v

e The Target System voltage is fed directly to the
programmer and will be used to power the
programmer.

2-3 OUT | Programmer powers the Target System at 3.3V (default) 3.3V

e The programmer must be powered from an external
power supply via the DC Jack Socket in the range of
3.5t0 5.0V.

o A 3.3V regulator on the ‘AT91SAM7 ISP Cable’ then
feeds 3.3V down to the Target System.

Warning!

If you select link position ‘IN” and then input +5V into the DC Jack Socket of the programmer, this will
feed +5V directly to the Target System. This +5V could damage circuitry on the Target System if it is
only designed to run at 3.3V.

1.4 Cable Installation Instructions

These instructions detail how to fit the'AT91SAMY7 ISP Cable’ to an Epsilon5, FS2003 or FS2009
programmer.
Instructions:

e The ‘SAM7 Programming Cable’ has a small circuit board on one end which plugs into the

ISP headers inside the programmer. On the other end it features a 20-way IDC plug.

e Remove the top cover of the programmer.

e Make sure the both the programmer and your Target System are powered OFF.

e Plug the circuit board end of the ‘SAM7 Programming Cable’ into the programmer ISP
headers — see example picture of cable fitted to FS2003 / FS2009 programmer below.
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e Make sure that the 2 x 10-way connectors are correctly aligned so that the 2-way header J9
aligns with the 2-way header on the cable.

e Decide on how you wish to power the programmer and Target Board — set the ‘Power Supply
— Selection Jumper’ accordingly — see section 1.3

e You are now ready to program an AT91SAM7 device via JTAG.

1.5 Getting Started

Once you have the installed into the programmer and connected to your Target System, then you are
ready to program an AT91SAM7 device.

Instructions:

e Check that you have selected the correct position for the ‘Power Supply — Selection
Jumper’ — see section 1.3

e To be on the safe side, measure the voltage on pin 1 of the 20-way IDC connector. If the
programmer is powering the Target System, then this voltage should 3.3V.

e Connect the ‘SAM7 Programming Cable’ to the 20-way IDC connector on your SAM7 Target
System

e Power up the programmer first - this makes sure that the programmer Line Drivers are
powered BEFORE you power up the Target Board.

e Power up the Target Board

e Check that the programmer and Target Board power up OK.

1.6 ARM JTAG Debug Header

The pin-out of the 20-way IDC connector end of the cable is shown in the diagram below.

19 1715 13 11 9 7 5 3 1 ARM JTAG Debug Header
—J
The connector is a 20-pin bump-polarised IDC
sssssssssas connector with 0.1” pin spacing.
0000000000 Pin 1 is the top right pin as shown in the diagram
opposite.

20 18 16 14 12 10 8 6 4 2
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Appendix 2 - AT91SAM7 Debug Bytes

1.0 Overview

When an Equinox programmer is attempting to enter programming mode with (connect to) an
AT91SAM7 ARM device, it must work through a sequence of actions to force the device into the
correct mode for JTAG programming. If the programmer cannot connect with an Atmel AT91SAM7
device, it will output a series of ‘Debug Bytes’ which can be used to help to find out why the
connection failed. These ‘Debug bytes’ are displayed as series of 2 or 3 bytes depending on where
in the connection sequence the connection failed.

Example — EDS displaying the Debug Bytes

. Operation: Signature Check
Result: FAIL
Error 3039 - Failed to Enter Programming Mode, tried 1 times!
Debug Info - Ox0 1, 0x04, OxFF

The first debug byte indicates where in the sequence of entering programming mode that the process
failed. The table below details the meaning of each possible value of the first debug byte displayed.

1.1 Explanation of each Debug Byte value

The table below details the meaning of each possible value of the first debug byte displayed.

1% Corresponding Error Message See

Debug section

Byte

0x00 e Failed to halt the target ARM device and read registers. 1.2

0x01 e Failed to change the target ARM device to supervisor mode and 1.3
optionally from THUMB mode.

0x02 ¢ Failed to read the target ARM device ‘Chip ID’ (Signature) immediately 14
after changing to internal clock

0x03 e Failed to load ‘Equinox demon’ into the target ARM device internal 1.5
memory.

0x04 e Failed to execute ‘Equinox demon’ 1.6

0x05 e ‘Equinox Demon’ did not respond within 250ms 1.7

0x06 e Equinox Demon’ is not ready to receive a command 1.8

0x07 e ‘Equinox Demon’ did not respond correctly to ‘Config command’ 1.8

0x08

0x09
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1.2 Debug 0x00 — Failed to halt ARM device

If the first debug byte is 0x00, then this means that the programmer has attempted to communicate
with the target ARM device via the JTAG interface, but the programmer was not able to halt the
execution of the ARM core.

Possible causes of this error:

e Power supply problems with the AT91SAM7 device.

e Poor signal integrity of the JTAG signals from the programmer

e The JTAG signals from the programmer are not at the same voltage as the AT91SAM7 device
is running at.

e The AT91SAMY device already has some firmware running in it which is somehow locking out
the JTAG port e.g. it is sending the AT91SAMY7S device into ‘Sleep Mode’.

e The AT91SAMY device is running from its internal 32 kHz oscillator — see errata information
from Atmel about this problem.

Check list:

e Check the JTAG connections between the programmer and the AT91SAM7 device.

e Check the voltage on the ‘VDD_IN’ and ‘VDD_FLASH’ on the AT91SAM7 device. Is it
approximately 3.3V?

e If the programmer should be powering the Target System, check that the ‘Programmer
controlled Target System’ in ON and set to eg. 3.3V.

e Check that the firmware which is being programmed into the AT91SAM7 device does not
somehow disable the JTAG port. The JTAG port can be disabled by placing the device in
certain ‘Sleep Modes'.

1.3 Debug 0x01 — Failed to change ARM to supervisor mode

If the first debug byte is 0x01, then this means that the programmer has communicated with the target
ARM device via the JTAG interface, halted the ARM core, but then was not able to switch the ARM to
‘Supervisor Mode’. This error is usually caused by power supply issues or poor JTAG signal
integrity.

Possible causes of this error:

e Power supply problems with the AT91SAM7 device.

e Poor signal integrity of the JTAG signals from the programmer to the AT91SAM7 device.

e The JTAG signals from the programmer are not at the same voltage as the AT91SAM7 device
is running at.

e Firmware which has already been programmed into the AT91SAM7 device on a previous
programming attempt is constantly resetting the processor or perhaps putting it into a ‘Sleep
Mode’. This will prevent an external JTAG programmer from communicating with the chip.

e Firmware which has already been programmed into the AT91SAM7 device on a previous
programming attempt is switching to an oscillator which is either not fitted on the Target Board
or not supported by the Equinox algorithm.
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Check list:

e Check the JTAG connections between the programmer and the AT91SAM7 device.

e Check that there is a separate GROUND wire directly from the programmer GROUND (0V)
connection of the Programmer 1/0O Connector to the GROUND of the Target Board. Make sure
this is the same GROUND to which the AT91SAM?7 is referenced to.

e Check that there are resistor pull-ups on the JTAG TDI, TCK, TMS signals lines to the voltage
rail from which the AT91SAM7 device is powered. These pull-ups should preferably be
mounted on the Target Board itself. If they are missing, then they should be mounted as close
to the Target Board as possible i.e. on the Test Probes.

e Check the integrity of the JTAG signals using an oscilloscope.

e Try reducing the JTAG frequency in the programming project to e.g. 100kHz and see if this
fixes the problem. If it does, then it is likely that there are signal reflections on the JTAG lines.

e Check with your ‘AT91SAM7 Firmware Developer’ to see whether they have enabled the
AT91SAM7 RESET (nRST) pin in their firmware.

e Check if the nRST pin on the AT91SAMY7 device (if enabled) is spuriously resetting the
processor.

e Check with your ‘AT91SAM7 Firmware Developer’ to see whether they are doing any form of
‘Software RESET’ in their code which would prevent an external programmer from
communicating with the device.

1.4 Debug 0x02 — Failed to read the target ARM device ‘Chip ID’

If the first debug byte is 0x02, then this means that the programmer has communicated with the target
ARM device via the JTAG interface, halted the ARM core, switched to ‘Supervisor Mode’ but was
then not able to read the ‘Chip ID’ from the ARM core. The ‘Chip ID’ identifies the actual device and
also specifies the core type, size of FLASH etc.

Possible causes of this error:
e Same as when debug byte is 0x01.

Check list:
e Same as when debug byte is 0x01.

1.5 Debug 0x03 — Failed to load Equinox demon into ARM

If the first debug byte is 0x03, then this means that the programmer has communicated with the target
ARM device via the JTAG interface, halted the ARM core, switched to ‘Supervisor Mode’ and read /

validated the ‘Chip ID’. It has then attempted to load the ‘Equinox demon’ into SRAM on in the ARM
but this process has failed for some reason.

1.6 Debug 0x04 — Failed to execute ‘Equinox demon’

If the first debug byte is 0x04, then this means that the programmer has communicated with the target
ARM device via the JTAG interface, halted the ARM core, switched to ‘Supervisor Mode’ and read /
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validated the ‘Chip ID’. It has successfully loaded the ‘Equinox demon’ into SRAM in the ARM
device but when it has tried to execute the ‘Equinox demon’ the process has failed.

Check list:
e Check that a valid external oscillator is available on the AT91SAM7 device. This oscillator
must be an external crystal or clock signal running at >=1MHz.

1.7 Debug 0x05 — ‘Equinox Demon’ did not respond within 250ms

If the first debug byte is 0x05, then this means that the programmer has communicated with the target
ARM device via the JTAG interface, halted the ARM core, switched to ‘Supervisor Mode’ and read /
validated the ‘Chip ID’. It has successfully loaded the ‘Equinox demon’ into SRAM in the ARM
device and execution has started. However, when the programmer has tried to communicate with the
‘Equinox demon’ but no response has been received back within the timeout period of 250ms.

Check list:
e Check that a valid external oscillator is still available / running on the AT91SAM7 device. This
oscillator must be an external crystal or clock signal running at >=1MHz.
e Check that there is still power on the AT91SAMY7 device.
e Check that the AT91SAM7 device has not rebooted due to eg, an external RESET on the
NRST pin.

1.8 Debug 0x06 — 0x09

If the first debug byte is 0x06, 0x07, 0x08 or 0x09 then please report this problem to Equinox.
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Appendix 3 — Target Oscillator settings

1.0 Overview

The AT91SAMY7 microcontroller features a fully user-configurable ‘Clock Generator Module’ which
allows the device to select from various different clock sources including internal oscillator, external
crystal and external oscillator signal. The device always starts to run from its internal oscillator after
power-up (Power-On-RESET) which means that it always has a safe clock to run from. It is then up to
the user firmware (or an external programmer / debugger) running on the microcontroller to select any
other oscillator source. As the internal oscillator is very slow, most applications demand that a faster
external crystal or external oscillator signal is selected.

The block diagram below shows the functional layout of the oscillator selection / routing logic inside
an AT91SAMY device.

Clock Generator

E"‘bﬂeg""d Slow Clock
" BLCK
Oscillator
XIN | Main _ Main Clock
Oscillator MAINCE
XouT |
I: PLL and o PLL Clock
PLLRC | I Divider PLLCK

Status i Control
y

Power
Managameant
Controller

An AT91SAM7 device can be clocked from any of the different sources detailed below.

# | Oscillator source Frequency | Comment
range
1 | Internal RC Oscillator 22 — 46 kHz e This oscillator is always available as it is an

on-chip peripheral.
e It can be used for programming but the
programming will be very slow.

2 | External Crystal Oscillator | 3 -20 MHz e An external crystal oscillator should be
connected across the Xin and Xout pins.
3 | External Oscillator Signal 3 -20 MHz e An external oscillator signal should be

connected to the Xin pin.
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1.1 AT91SAMY7 - Oscillator modes

This section gives a brief overview of the different ‘Oscillator Modes’ which the AT91SAM7 devices
support.

1.1.1 Internal RC Oscillator

An AT91SAMY device initially runs from a very slow ‘internal RC oscillator’ when it is first powered
up (Power-on-RESET) or after a firmware reset. This oscillator is usually in the range of 22 — 46 kHz
and varies slightly with batch, voltage and temperature. This oscillator is always present and so can
always be used for programming. However, because the ‘internal RC oscillator’ is very slow, the
programming process will be extremely slow eg. > 3 minutes for a 512 kb FLASH device.

1.1.2 External crystal oscillator

An AT91SAMY device can be clocked by an External crystal oscillator connected across the Xin
and Xout pins as shown in the diagram below.

AT915AMTS Microcontroller

XIN XouT GND

_———daaa

N

The oscillator could be a ‘crystal oscillator’ or a ‘crystal oscillator module’.

It will usually have the *oscillator frequency’ printed on it in MHz e.g. 16.00 MHz. You will need to
know this frequency as the programmer needs the value so that it can calculate the correct ‘FLASH
timing parameters’.

Please note:

The programmer can measure the frequency of this crystal at the start of a programming operation
and can then automatically switch the device to use the crystal. This allows the programmer to
program the device at a much faster speed.
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1.1.3 External oscillator signal

An AT91SAMY7 device can be clocked by an external oscillator signal connected to the Xin pin. This
oscillator signal could be generated from a self-contained ‘oscillator module’ or from any other logic
device on the same Target Board e.g. another microcontroller or a CPLD / FPGA.

The programmer can switch the device to this external clock signal which will yield much faster
programming times. The AT91SAM7 devices do not support measurement of the frequency of this
oscillator source so the user must manually measure the frequency with eg. a frequency counter. This
measured frequency is then specified in the ‘programming project’ allowing the programmer to
calculate the correct ‘FLASH timing parameters’ for programming the FLASH.

1.2 How to check which oscillator source is available

An AT91SAM?7 device can be clocked from any of the different ‘oscillator sources’ as detailed in
section 1.3. It is very important to select the correct ‘oscillator source’ and ‘oscillator frequency’ in
the EQTools ‘Programming Project’ as these parameters are used to calculate the correct ‘FLASH
timing parameters’ for programming the FLASH. If you are not sure exactly how the AT91SAM7
device on your Target Board is clocked, you will need to find out in order to program the device
correctly.

Please use the techniques below to establish the type and frequency of the oscillator connected to the
AT91SAMY device.

e Check what components are connected to the Xin and Xout pins of the AT91SAM7 device.

o If the device is clocked by a crystal oscillator, then you should find a crystal (XTAL) or crystal
pack will be connected across the Xin and Xout pins of the AT91SAM7 device. The crystal
value is usually written on the can of the crystal.

o If the device is clocked by an external oscillator signal, then you should find some sort of
oscillator circuit will be connected to the Xin pin of the AT91SAM7 device. The oscillator
frequency should be marked on the circuit schematic, but if it is not then you will need to
measure the frequency on the Xin pin of the AT91SAMY7 device.

e |If there are no components connected to the Xin and Xout pins of the AT91SAM7 device,
then the device can only run from its internal RC oscillator.
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2.0 Oscillator Selection in EQTools
2.1 Overview

When creating a ‘Programming Project’ for an Atmel AT91SAM7 device using the Equinox EQTools
software, it is necessary to specify the correct oscillator source and oscillator frequency in the
‘Target Oscillator Settings’ section of the project. These settings are used to calculate the correct
‘FLASH timing parameters’ for the AT91SAM7 device which are then used during the programming
process. The programmer requires the fastest possible oscillator in order to program the FLASH as
fast as possible.

2.2 Clocking the AT91SAMY device during programming

Equinox AT91SAM7 programmers work by downloading a highly optimised ‘programming agent’
into the SRAM on the target AT91SAMY device via the ARM JTAG debug interface. This
‘programming agent’ is then executed by the target AT91SAM7 device from SRAM and is used to
sequence the programming / verifying of the internal FLASH of the device. The agent will execute at
whatever speed the device is currently being clocked at. The faster the oscillator frequency then the
faster the agent will execute and hence the faster the FLASH programming time. As an AT91SAM7
device boots from a very slow internal oscillator, it is desirable to switch the device to a faster
external crystal or other external oscillator signal as this will yield much faster programming times.

2.3 AT91SAM7 — Target Clock Mode

The EQTools software / programmer firmware supports selection of the following AT91SAM7
oscillator sources:

e Internal RC Oscillator

e External crystal oscillator

e External oscillator signal

2.4 AT91SAMY7 — Target Oscillator Frequency

The ‘Target Oscillator frequency’ is the frequency which the target AT91SAM7 ARM Device is
being clocked at during the In-System Programming (ISP) process. It is essential to know how the
AT91SAM?7 device is being clocked so that the correct ‘FLASH timing parameters’ are selected for
programming the FLASH.
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2.5 Target Oscillator Settings (EQTools < build 1151)

If you are using EQTools build 1150 and programmer firmware < 5.18 or below, then the programmer
will only support ‘internal RC oscillator’ or ‘External Crystal oscillator’. It will try to auto-detect the

‘External Crystal oscillator’ but if it does not find a crystal then it will automatically use the ‘internal
RC oscillator’.

Supported oscillator sources:
e Internal RC Oscillator

e External crystal oscillator (auto-detect frequency)

The screen below allows you to set up the ‘Target Oscillator’ settings.

® Equinox Development Suite(EDS) Wizard... - Untitled

Target Chip Oscillator Settings
Select the Ozcillatar Tepe [Intermal or External] and Frequency of the Target Chip
{*) External Ozcillator Programmer OP4 Clock
External Dscillator Frequency OP4 Clock Frequency
3.00 MHz 1.8432 MHz w

Dzcillatar Frequency: To enable OP4 Clock, select

Min 'SCEZ_IM' fallowed by 'SCK2_EN'
0.0Hz in Pre-Program State Machine
L

20.0 kHz

Instructions:

e Setthe ‘External Oscillator Frequency’ to the external crystal oscillator frequency (if there is
one fitted on your Target Board).

e Many AT91SAM7 microcontrollers actually run from an Internal Oscillator to start with. The
programmer then automatically swaps the oscillator settings of the Target Device to use the
fastest available oscillator for programming. This is usually an external crystal oscillator.

¢ You do not need to change any other parameters on this screen.
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2.6 Target Oscillator Settings (EQTools > build 2000)

If you are using EQTools build 2000 or above and programmer firmware >= 5.20, then the
programmer supports all possible AT91SAM7 oscillator sources. It also supports the option to
automatically detect the fastest oscillator available.

Supported oscillator sources:
¢ Internal RC Oscillator
e External crystal oscillator
e External oscillator signal

The screen below allows you to set up the ‘Target Clock Mode’ and the ‘Target Oscillator
frequency’.

Overview | Programmer | Target Device | Target Osdllator | ITAG Settings || Target

Target ARM Device - Osdllator Settings
Target Clock Mode

Autodetect osdllator w

The programmer will attempt to automatically detect the fastest osdllator
souce available for programming the target ARM device.

This could either be an external crystal oscillator (XTAL) or the ARM internal
RC osdillator.

The frequency of the fastest osdllator source will be measured and returned

Select the ‘Target Clock Mode’ from the options below:

i. Auto detect oscillator (default)
e The programmer will attempt to automatically detect the fastest oscillator source available for
programming the target ARM device.
e This could either be an external crystal oscillator (XTAL) or the ARM internal RC
oscillator.
e The frequency of the fastest oscillator source will be measured and returned in the
'Programmer diagnostics'.

e This mode is equivalent to the older EQTools build <1150 and firmware <5.20 standard
operation.

Target ARM Device - Osdllator Settings
Target Clock Mode
Autodetect osdllator W

The programmer will attempt to automatically detect the fastest osdllator
source available for programming the target ARM device.

This could either be an external crystal osdllator (XTAL) or the ARM internal
RC osdillator.

The frequency of the fastest osdllator source will be measured and returned
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ii. Internal RC oscillator

The programmer will use the ARM internal RC oscillator for programming the target ARM device.

This should mean that programming will always work. However, because the internal RC oscillator is
very slow, the programming will also be very slow.

Target ARM Device - Oscillator Settings
T arget Clock Mode

Internal RC osdllator w

The programmer will use the ARM internal RC osdllator for programming the
target ARM device,

This should mean that programming will always work, However, because the
internal RC osdllator is very slow, the programming will also be very slow,

iii. External crystal (XTAL)

The programmer will use the external crystal oscillator (XTAL) which is connected to the target ARM
device.
Target ARM Device - Osdllator Settings
Target Clock Mode

External crystal (XTAL) - spedfy frequency

The programmer will use the external crystal osdllator (XTAL) which is
connected to the target ARM device,

The frequency of the crystal must be spedified in the Target Oscillator
Frequency' field.

T arget Ozcillator Frequency
16 MHz

The frequency of the crystal must be specified in the ‘Target Oscillator Frequency’ field.
The programmer does NOT perform a measurement of the oscillator frequency.

iv. external oscillator signal
The programmer will use the external oscillator signal which is connected to the target ARM device.

Target ARM Device - Oscillator Settings
Target Clock Mode

External oscillator signal - specify fregquency
The programmer will use the external osdillator signal which is connected to
the target ARM device,

The frequency of the external osdillator signal must be specified in the
Target Oscillator Frequency' field.

Target Ozcillator Frequency
26 MHz

The frequency of the external oscillator signal must be specified in the ‘Target Oscillator
Frequency’ field.
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V. specialx - custom algorithm
This is a custom algorithm.
Please do not use unless instructed to by Equinox.

2.7 Testing the Oscillator Settings

Once you have selected the correct ‘oscillator source’ and ‘oscillator frequency’, it is then possible
to perform a simple check to make sure that the target AT91SAM7 device.

Instructions:

e Go to the <Target Device> screen

e Click the <Check ID> button - the programmer will try to connect to the target AT91SAM7
device.

e If EDS connects OK, it should display the following message ‘Signhature and JTAG ID Check:
PASS'.

e Click the <Diagnostics> button on this message

e Select the <Diagnostic Information> tab

- The diagnostic information is displayed as shown below.....

Target Details | Diagnostic Information

43 diagnostic bytes returned

[0 Q0L Q00 [ Do 0[O0 O OO0 J[ Qe D[ D 00 ) D000 ][ D0 [ Q00 ][ Do D0 [0 OO 0O Ot
Flazh Rety=0

EEPROM Retp=10

Prog Retry=0

Target Woltage=3.26 %

Target Current=0.00 md,

Signature= 0=AC0A40

JTAGRead D= D«3FOFOFOF

ATI15AMY Page Lock Bits [only read during a Standalone Project]
AT SAMY Page Lock Pre-Erase Bitz= Mat % alid

ATI1SAMY Page Lock Post-Eraze Bitzz= Mot Y alid

AT SAMY Page Lock Post-Lock Bitz= Mot alid

Target Clock Settings

Target Ozcillator Frequency=18.94 MHz
Flazh wait states [FfS)=0

Flazh cycle number [FMCH )= 23

e The ‘Target Clock Settings’ read from the target AT91SAM7 device are displayed.

e These should match the oscillator settings in the project.

e If the project is set to measure the crystal frequency, then the measured frequency will be
displayed on this screen.
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