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A t l I IeL Programmers and Debuggers

JTAGICE3

USER GUIDE

Introduction

The Atmel JTAGICES is a powerful development tool for debugging and
programming ARM® Cortex®-M based Atmel® SAM and Atmel AVR®
microcrontrollers with On-Chip Debug capability.

*  Programming and on-chip debugging of all Atmel AVR 32-bit
Microcontrollers on both JTAG and aWire interfaces

*  Programming and on-chip debugging of all Atmel AVR XMEGA® 8-bit
Microcontroller Family devices on both JTAG and PDI 2-wire
interfaces

*  Programming (JTAG, SPI, and UPDI) and debugging of all Atmel AVR
8-bit Microcontrollers with OCD support on JTAG, debugWIRE, or
UPDI interfaces

*  Programming and debugging of all Atmel SAM ARM Cortex-M based

microcontrollers on both SWD and JTAG interfaces (firmware version
3.0 and later)
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1. Features

1.1. Atmel JTAGICES3 Features

Fully compatible with Atmel Studio

Supports programming and debugging of all Atmel AVR UC3 32-bit microcontrollers
Supports programming and debugging of all 8-bit AVR XMEGA devices

Supports programming and debugging of all 8-bit Atmel megaAVR and tinyAVR devices with OCD
Supports programming and debugging of all SAM ARM Cortex-M based microcontrollers
Target operating voltage range of 1.65V to 5.5V

Draws less than 3mA from target VTref during operation

Supports JTAG clock frequencies from 32kHz to 15MHz

Supports PDI clock frequencies from 32kHz to 10MHz

Supports debugWIRE baud rates from 4kbit/s to 0.5Mbit/s

Supports aWire baud rates from 7.5kbit/s to 7.5Mbit/s

Supports SPI clock frequencies from 8kHz to 1.875MHz

Supports UPDI baud rates from up to 750kbit/s

Supports SWD clock frequencies from 32kHz to 2MHz

USB 2.0 high-speed host interface

ITM serial trace capture at up to 1MB/s

Supports 10-pin 50-mil JTAG connector, as well as 10-pin 100mil JTAG, 6-pin 50-mil SPI, and 6-pin
100-mil SPI interfaces using adapters

g (P

1.2. System Requirements

The Atmel JTAGICES3 unit requires that a front-end debugging environment as Atmel Studio or AVR
Studio® 5.0 or later is installed on your computer.

The JTAGICES should be connected to the host computer using the USB cable provided.

Atmel
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2. Getting Started with the Atmel JTAGICE3

2.1. Kit Contents
The Atmel JTAGICE3 kit contains these items:

+  JTAGICES3 unit
+  USB cable (1.8m, high-speed, Mini-B)
«  Adapter board containing 50-mil SPI, 100-mil SPI, and 100-mil JTAG adapters
*  50-mil JTAG cable
e 50-mil 10-pin mini squid cable
*  AVR Technical Library DVD
Figure 2-1. JTAGICE3 Kit Contents
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2.2, Assembling the Atmel JTAGICE3

The Atmel JTAGICES3 unit is shipped with no cables attached. Two cable options are provided in the
accessory Kkit:

e 50-mil 10-pin IDC flat cable
e 50-mil 10-pin mini-squid cable with 10 x 100-mil sockets

TECHMICAL UBRAWY
T
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Figure 2-2. JTAGICE3 Cables

For most purposes, the 50-mil 10-pin IDC flat cable can be used along with one of the adapters provided
in the accessory kit. Three adapters are provided in one small PCB panel section. To separate the
adapters, simply break off each one by gently bending the panel backwards and forwards. Take care to
avoid any sharp edges, which may result from the separation process. The following adapters are
included:

* A09-0955 - A 100-mil 10-pin JTAG adapter
* A09-0955 - B 100-mil 6-pin SPI/debugWIRE/PDI/aWire adapter
* A09-0955 - C 50-mil 6-pin SPI/debugWIRE/PDI/aWire adapter

Figure 2-3. JTAGICE3 Adapters

(=]
SEAAR
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Note that a 50-mil JTAG adapter has not been provided - this is because the 50-mil 10-pin IDC cable can
be used to connect directly to a 50-mil JTAG header. For the part number of the component used for the
50-mil 10-pin connector, see target connectors part numbers.

To assemble your JTAGICES into its 'default' configuration, connect the 10-pin 50-mil IDC cable to the
unit as shown below. Be sure to orient the cable so that the red wire (pin 1) on the cable aligns with the
triangular indicator on the blue belt of the enclosure. The cable should connect upwards from the unit.

AtmeL Atmel JTAGICES [USER GUIDE] 6
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Figure 2-4. Atmel JTAGICE3 Cable Connection

Next, snap off the 100-mil 10-pin JTAG adapter from the adapter panel, and connect it to the other side of
the IDC cable. Your Atmel JTAGICES is now ready to use in its basic JTAG configuration.

Figure 2-5. JTAGICE3 Probe Adapter Connection

2.3. Opening the Atmel JTAGICE3

Note: For normal operation, the Atmel JTAGICE3 unit must not be opened. Opening the unit is done at
your own risk. Anti-static precautions should be taken.

The JTAGICES3 enclosure consists of three separate plastic components - top cover, bottom cover, and
blue belt - which are snapped together during assembly. To open the unit, simply insert a large flat
screwdriver into the openings in the blue belt, apply some inward pressure, and twist gently. Repeat the
process on the other snapper holes, and the top cover will pop off.

AtmeL Atmel JTAGICES [USER GUIDE] 7
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24,

2.5.

Figure 2-6. Opening the JTAGICE3 (1)

Figure 2-7. Opening the JTAGICE3 (2)

Figure 2-8. Opening the JTAGICE3 (3)

To close the unit again, simply align the top and bottom covers correctly, and press together firmly.

Powering the Atmel JTAGICE3

The Atmel JTAGICES is powered by the USB bus voltage. It requires less than 100mA to operate, and
can therefore be powered through a USB hub. The power LED will illuminate when the unit is plugged in.
When not connected in an active programming or debugging session, the unit will enter low-power
consumption mode to preserve your computer's battery. The JTAGICE3 cannot be powered down - it
should be unplugged when not in use.

Connecting to the Host Computer

Before plugging in the Atmel JTAGICES for the first time, be sure to install the USB driver on the host
computer. This is done automatically when installing the front-end software provided free by Atmel. See
www.atmel.com for further information or to download the latest front-end software.

The JTAGICE3 must be connected to an available USB port on the host computer using the USB cable
provided. The JTAGICE3 contains a USB 2.0 compliant controller, and can operate in both full-speed and
high-speed modes. For best results, connect the JTAGICES3 directly to a USB 2.0 compliant high-speed
hub on the host computer using the cable provided.

AtmeL Atmel JTAGICES [USER GUIDE] 8

Atmel-42634B-JTAGICE3_User Guide-10/2016



2.6. USB Driver Installation

2.6.1. Windows

When installing the Atmel JTAGICE3 on a computer running Microsoft® Windows®, the USB driver is
loaded when the JTAGICES is first plugged in.

Note: Be sure to install the front-end software packages before plugging the unit in for the first time!

,JIJ Found Mew Hardware
ITAGICES

Proceed with the default ("recommended") options through the New Hardware Wizard.

Figure 2-9. Installing the JTAGICE3 USB Driver

Found New Har dware Wizard

Welcome to the Found New

\‘? Hardware Wizard

YWindows will search for curment and updated software by
looking on pour computer, o the hardware installation C0, or on
thie WWindows pdate ‘Web site [with pour permission).

Fead our privacy policy

Can Windows connect to Windows pdate to search for
goftware?

(31 ez, thiz time only
() Yes, now and gvery time | connect a device
{®) Mo, nat thiz time

Click. Mest to continue.

Mest = l[ Cancel
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Figure 2-10. Installing the JTAGICE3 USB Driver

Found Mew Hardware Wizard

Thiz wizard helps you install softveare for:

JTAGICES

f\':] If your hardware came with an installation CD
22 or Hoppy disk, inzert it now.

YWhat do you want the wizard to do?

{(®)install the software automatically [Fecommended)

{3 Ingtall from a list or gpecific location [Advanced)

Click. Mest to continue.

< Back ” Mest > ][ Cancel ]

If it is not detected automatically, point the wizard to the device driver (provided by Jungo) called
jtagice3.inf which is stored in the <windows_root>\inf folder.

Once successfully installed, the JTAGICES3 will appear in the device manager as a "Jungo" device.

+|-{idg Human Inkterface Devices
+-i=%) IDE ATAJATAPT contrallers
+|-&g IEEE 1394 Bus host controllers
--E& Jungo

EH& ITAGICES

H& WinDriver
+-2z Kevboards
+- ) Mice and other pointing devices
+- & Manitors

Your JTAGICES is now ready to use.

i) Found New Hardware

Your new hardware is installed and ready to use,

Note: Firmware version 3 and later uses a HID interface for communication. The USB driver provided by
the operating system is loaded automatically in this case.

AtmeL Atmel JTAGICES [USER GUIDE] 10
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3. Connecting the Atmel JTAGICE3
3.1. Connecting to a JTAG Target
The Atmel JTAGICES3 probe has a 50-mil 10-pin JTAG connector accessible on the front of the tool's
enclosure. The kit includes a 50-mil 10-pin cable, which can be used to connect directly to a 50-mil JTAG
header on your target board. Should your target board be fitted with a 100-mil JTAG header (e.g.: Atmel
STK®600), the 100-mil adapter provided (A08-0735-A) in the kit can be used. If your target board does
not have a compliant 10-pin JTAG header in 50- or 100-mil, you can map to a custom pinout using the 10-
pin "mini-squid" cable provided, which gives access to 10 individual 100-mil sockets.
3.11. Using the JTAG 10-pin Connector
The pinout for the 10-pin JTAG connector is shown in Figure 4-2.
Be sure to use the correct orientation of the 10-pin header when connecting the JTAGICES3 to the target
application PCB. The red wire on the probe cable indicates PIN1, as does the 'dot' on the 100-mil
adapter.
3.2 Connecting to an aWire Target
The aWire interface requires only one data line in addition to V¢ and GND. The 10-pin mini-squid cable
should be used to connect between the Atmel JTAGICES target connector and the target board. Three
connections are required, as described in the table below.
Table 3-1. Connecting to aWire using the Mini-squid Cable
JTAGICES3 pins Target pins Mini-squid pin
Pin 1 (TCK) 1
Pin 2 (GND) GND 2 6
Pin 3 (TDO) DATA 3 1
Pin 4 (VTG) VTG 4 2
Pin 5 (TMS) 5
Pin 6 (nNSRST) 6
Pin 7 (Not connected) 7
Pin 8 (nTRST) 8
AtmeL Atmel JTAGICE3 [USER GUIDE] 1

Atmel-42634B-JTAGICE3_User Guide-10/2016



3.3.

JTAGICES3 pins Target pins Mini-squid pin

Pin 9 (TDI)
Pin 10 (GND) 0

Connecting to a PDI Target
The pinout for the 6-pin PDI connector is shown in Figure 4-5.

The adapters provided in the kit (A08-0735-B and A08-0735-C) can be used to connect to this pinout in
either 50-mil or 100-mil options.

Be sure to use the correct orientation of the 6-pin header when connecting the Atmel JTAGICES3 to the
target application PCB. A 'dot' on the adapter board indicates pin 1.

When connecting to a target that does not have the standard 6-pin header, you can use the 10-pin mini-
squid cable between the JTAGICES3 target connector and the target board. Four connections are required,
and the table below describes where to connect them.

Note: There is a difference from the JTAGICE mkll JTAG probe, where PDI_DATA is connected to pin 9.
The JTAGICE3 is compatible with the pinout used by the Atmel AVR ONE! and Atmel AVR Dragon™
products.

Table 3-2. Connecting to PDI using the Mini-squid Cable

Pin 1 (TCK)

Pin 2 (GND) GND

Pin 3 (TDO) PDI_DATA
Pin 4 (VTG) VTG

Pin 5 (TMS)

Pin 6 (nNSRST) PDI_CLK
Pin 7 (Not connected)

Pin 8 (nTRST)

Pin 9 (TDI)

Pin 10 (GND)

O ©O©W| 0 N o o b~ W DN
()]
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3.4.

Connecting to a debugWIRE Target
The pinout for the 6-pin debugWIRE (SPI) connector is shown in Figure 4-7.

The adapters provided in the kit (A08-0735-B and A08-0735-C) can be used to connect to this pinout in
either 50-mil or 100-mil options.

Be sure to use the correct orientation of the 6-pin header when connecting the Atmel JTAGICE3 to the
target application PCB. A 'dot' on the adapter board indicates pin 1.

Although the debugWIRE interface only requires one signal line (RESET), V¢, and GND to operate
correctly, it is advised to have access to the full SPI connector so that the debugWIRE interface can be
enabled and disabled using SPI programming.

When the DWEN fuse is enabled the SPI interface is overridden internally in order for the OCD module to
have control over the RESET pin. The debugWIRE OCD is capable of disabling itself temporarily (using
the button on the debugging tab in the properties dialog in Atmel Studio), thus releasing control of the
RESET line. The SPI interface is then available again (only if the SPIEN fuse is programmed), allowing
the DWEN fuse to be un-programmed using the SPI interface. If power is toggled before the DWEN fuse
is un-programmed, the debugWIRE module will again take control of the RESET pin. It is HIGHLY
ADVISED to simply let Atmel Studio handle setting and clearing of the DWEN fuse!

It is not possible to use the debugWIRE Interface if the lockbits on the target Atmel AVR are programmed.
Always be sure that the lockbits are cleared before programming the DWEN fuse and never set the
lockbits while the DWEN fuse is programmed. If both the debugWIRE enable fuse (DWEN) and lockbits
are set, one can use High Voltage Programming to do a chip erase, and thus clear the lockbits. When the
lockbits are cleared the debugWIRE Interface will be re-enabled. The SPI Interface is only capable of
reading fuses, reading signature, and performing a chip erase when the DWEN fuse is un-programmed.

Table 3-3. Connecting to debugWIRE using the Mini-squid Cable
Pin 1 (TCK) 1

Pin 2 (GND) GND
Pin 3 (TDO)

Pin 4 (VTG) VTG
Pin 5 (TMS)

Pin 6 (nSRST) RESET
Pin 7 (Not connected)

Pin 8 (n"TRST)

0 NI oo o b~ W DN

AtmeL Atmel JTAGICES [USER GUIDE] 13

Atmel-42634B-JTAGICE3_User Guide-10/2016



JTAGICES3 pin Target pins Mini-squid pin

Pin 9 (TDI) 9
Pin 10 (GND) 0

3.5. Connecting to an SPI Target

The pinout for the 6-pin SPI connector is shown in Figure 4-8.
The adapters provided in the kit (A08-0735-B and A08-0735-C) can be used to connect to this pinout in
either 50-mil or 100-mil options.

Be sure to use the correct orientation of the 6-pin header when connecting the Atmel JTAGICES3 to the
target application PCB. A 'dot' on the adapter board indicates pin 1.

Note: The SPI interface is effectively disabled when the debugWIRE enable fuse (DWEN) is
programmed, even if SPIEN fuse is also programmed. To re-enable the SPI interface, the 'disable
debugWIRE' command must be issued while in a debugWIRE debugging session. Disabling debugWIRE
in this manner requires that the SPIEN fuse is already programmed. If Atmel Studio fails to disable
debugWIRE, it is probable that the SPIEN fuse is NOT programmed. If this is the case, it is necessary to
use a high-voltage programming interface to program the SPIEN fuse. It is HIGHLY ADVISED to simply
let Atmel Studio handle setting and clearing of the DWEN fuse!
The 10-pin mini-squid cable can also be used to connect between the Atmel JTAGICES target connector
and the SPI target board. Six connections are required, as described in the table below.
Table 3-4. Connecting to SPI using the Mini-squid Cable

JTAGICE3 pins Target pins Mini-squid pin m
Pin 1 (TCK) SCK 1 3

Pin 2 (GND) GND 2 6

Pin 3 (TDO) MISO 3 1

Pin 4 (VTG) VTG 4 2

Pin 5 (TMS) )

Pin 6 (nSRST) /RESET 6 5

Pin 7 (Not connected) 7

Pin 8 (nTRST) 8

Pin 9 (TDI) MOSI 9 4

Pin 10 (GND) 0

AtmeL Atmel JTAGICE3 [USER GUIDE] 14
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3.6.

Connecting to an SWD Target

The ARM SWD interface is s subset of the JTAG interface, making use of TCK and TMS pins, which
means that when connecting to an SWD device, the 10-pin JTAG connector can technically be used. The
ARM JTAG and AVR JTAG connectors are however not pin-compatible, so this depends upon the layout
of the target board in use. When using STK600 or a board making use of the AVR JTAG pinout, the
standard JTAG connector can be used. When connecting to a board which makes use of the ARM JTAG
pinout, the 10-pin "mini-squid" cable must be used. (There are no adapters available from Atmel to make
this mapping.)

Table 3-5. Connecting to SWD using the Mini-squid Cable

JTAGICES3 pin Target pins Mini-squid pin ARM SWD pin

Pin 1 (TCK) SWDCLK 4 (SWDCLK)
Pin 2 (GND) GND 2 3,5,9 (GND)
Pin 3 (TDO) SWO (optional) 3 6

Pin 4 (VTG) VTG 4 1 (VCC)

Pin 5 (TMS) SWDIO 5 2 (SWDIO)
Pin 6 (nSRST) RESET 6 10 (nRESET)
Pin 7 (Not connected) 7

Pin 8 (n"TRST) 8

Pin 9 (TDI) 9

Pin 10 (GND) 0 3,5,9 (GND)

3.7. Connecting to a UPDI Target
The pinout for the 6-pin PDI connector is shown in UPDI Physical Interface.
However, the JTAGICES has hardware, which is not able to drive the 1-wire UPDI interface on pin 3 (AVR
header) without driving pin 6 (AVR header) at the same time. For this reason it is recommended to use
the 10-pin mini-squid cable for UPDI.
Note: Atmel-ICE and newer tools are capable of direct connection to the UPDI header.

AtmeL Atmel JTAGICE3 [USER GUIDE] 15

Atmel-42634B-JTAGICE3_User Guide-10/2016



Table 3-6. Connecting to UPDI using the Mini-squid Cable

Pin 1 (TCK) 1

Pin 2 (GND) GND

Pin 3 (TDO) UPDI_DATA
Pin 4 (VTG) VTG

Pin 5 (TMS)

Pin 6 (nNSRST)

6
1
2

Pin 7 (not connected)
Pin 8 (nTRST)

Pin 9 (TDI)

Pin 10 (GND)

O ©W 0o N o o b~ w N

3.8. Using the Atmel JTAGICE3 with Atmel STK500
The Atmel STK500 starter kit can be used to house Atmel AVR devices to which the Atmel JTAGICE3 can
connect through JTAG, debugWIRE, and SPI interfaces.
When connecting to a JTAG target, simply use the ATSTK500 JTAG_ADAPTER.
If you do not have an STK500 JTAG adapter available, the 10-pin "squid" cable can also be used to
connect directly to the device's JTAG port on PORTC[5::2] of the STK500.

—

Connecting to debugWIRE and SPI targets is done using the 6-pin 100 mil adapter. When using the
debugWIRE interface, be sure to remove the STK500's RESET jumper to allow the reset line to be driven
as required.
Alternatively, the JTAGICE3 can be connected to any target interface using the 10-pin mini-squid cable
provided.

AtmeL Atmel JTAGICE3 [USER GUIDE] 16
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3.9. Using the Atmel JTAGICE3 with Atmel STK600

The Atmel STK600 starter kit can be used to house AVR devices to which the Atmel JTAGICE3 can
connect through the JTAG, debugWIRE, PDI, SPI, and aWire interfaces.

When connecting to a JTAG target, simply use the 10-pin 100mil adapter provided to connect to the JTAG
connector on the STK600.

When connecting to a PDI, debugWIRE, SPI, or aWire target, simply use the 6-pin 100mil adapter
provided to connect to the SPI/PDI header connector.
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41.

4.2.

4.21.

On-chip Debugging

Introduction to On-chip Debugging (OCD)

A traditional Emulator is a tool which tries to imitate the exact behavior of a target device. The closer this
behavior is to the actual device’s behavior, the better the emulation will be.

The Atmel JTAGICES is not a traditional Emulator. Instead, the JTAGICE3 interfaces with the internal On-
Chip Debug system inside the target Atmel AVR device, providing a mechanism for monitoring and
controlling its execution. In this way the application being debugged is not emulated, but actually
executed on the real AVR target device.

With an OCD system, the application can be executed whilst maintaining exact electrical and timing
characteristics in the target system — something not technically realizable with a traditional emulator.

Run Mode

When in Run mode, the execution of code is completely independent of the JTAGICE3. The JTAGICE3
will continuously monitor the target AVR to see if a break condition has occurred. When this happens the
OCD system will interrogate the device through its debug interface, allowing the user to view the internal
state of the device.

Stopped Mode

When a breakpoint is reached, program execution is halted, but all I/O will continue to run as if no
breakpoint had occurred. For example, assume that a USART transmit has just been initiated when a
breakpoint is reached. In this case the USART continues to run at full speed completing the transmission,
even though the core is in stopped mode.

Hardware Breakpoints

The AVR OCD module contains a number of program counter comparators implemented in hardware.
When the program counter matches the value stored in one of the comparator registers, the OCD enters
stopped mode. Since hardware breakpoints require dedicated hardware on the OCD module, the number
of breakpoints available depends upon the size of the OCD module implemented on the AVR target.
Usually one such hardware comparator is ‘reserved’ by the debugger for internal use. For more
information on the hardware breakpoints available in the various OCD modules, see the OCD
implementations section.

Software Breakpoints

A software breakpoint is a BREAK instruction placed in program memory on the target device. When this
instruction is loaded, program execution will break and the OCD enters stopped mode. To continue
execution a "start" command has to be given from the OCD. Not all AVR devices have OCD modules
supporting the BREAK instruction. For more information on the software breakpoints available in the
various OCD modules, see the OCD implementations section.

Physical Interfaces
The Atmel JTAGICE3 supports several hardware interfaces as described in the sections that follow.

JTAG

The JTAG interface consists of a 4-wire Test Access Port (TAP) controller that is compliant with the IEEE®
1149.1 standard. The IEEE standard was developed to provide an industry-standard way to efficiently test
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circuit board connectivity (Boundary Scan). Atmel AVR devices have extended this functionality to include
full Programming and On-Chip Debugging support.

Figure 4-1. JTAG Interface Basics

Voo
TCK =
JTAGICE3 TMS -| AVR target
TDI > device
_TDO

When designing an application PCB, which includes an Atmel AVR with the JTAG interface, it is
recommended to use the pinout as shown in Figure 4-2. The JTAGICE3 can connect to both 100-mil and
50-mil variants of this pinout.

Figure 4-2. JTAG Header Pinout

TCK /@ @|GND
TDO |@ @ VTref
TMS (@ @ nSRST
N.C. @ @ nTRST
TDI! /@ @|GND
JTAG

Table 4-1. JTAG Pin Description

T

TCK 1 Test Clock (clock signal from the JTAGICES into the target device)

TMS 5 Test Mode Select (control signal from the JTAGICES into the target device)

TDI 9 Test Data In (data transmitted from the JTAGICES into the target device)

TDO 3 Test Data Out (data transmitted from the target device into the JTAGICE3)

nTRST 8 Test Reset (optional, only on some AVR devices). Used to reset the JTAG TAP
controller.

nSRST 6 Reset (optional) Used to reset the target device. Connecting this pin is
recommended since it allows the JTAGICES to hold the target device in a reset
state, which can be essential to debugging in certain scenarios.

VTG 4 Target voltage reference. The JTAGICE3 samples the target voltage on this pin in
order to power the level converters correctly. The JTAGICE3 draws less than 1mA
from this pin.

GND 2,10 Ground. Both must be connected to ensure that the JTAGICE3 and the target
device share the same ground reference.
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Tip: Remember to include a decoupling capacitor between pin 4 and GND.

The JTAG interface allows for several devices to be connected to a single interface in a daisy-chain
configuration. The target devices must all be powered by the same supply voltage, share a common
ground node, and be connected as shown in the figure below.

Figure 4-3. JTAG Daisy-chain

TCK
T™MS
L 4‘ L 1' L4 *
JTAGICE3 AVR target AVR target AVR target
DI | device | device | device
. 1DO

When connecting devices in a daisy-chain, the following points must be considered:

«  All devices must share a common ground connected to GND on the JTAGICES probe

*  All devices must be operating on the same target voltage. VTG on the JTAGICE3 must be
connected to this voltage.

*  TMS and TCK are connected in parallel; TDI and TDO are connected in a serial chain.

*  nSRST on the JTAGICE3 probe must be connected to RESET on the devices if any of the devices
in the chain disables its JTAG port

+  "Devices before" refers to the number of JTAG devices that the TDI signal has to pass through in
the daisy chain before reaching the target device. Similarly "devices after" is the number of devices
that the signal has to pass through after the target device before reaching the JTAGICE3 TDO pin.

»  "Instruction bits before" and "after" refers to the sum of all JTAG devices' instruction register
lengths, which are connected before and after the target device in the daisy chain

*  The total IR length (instruction bits before + Atmel AVR IR length + instruction bits after) is limited to
a maximum of 256 bits. The number of devices in the chain is limited to 15 before and 15 after.

Daisy chaining example: TDI — ATmega1280 — ATxmega128A1 — ATUC3A0512 — TDO
In order to connect to the Atmel AVR XMEGA device, the daisy chain settings are:

Devices before: 1

Devices after: 1

Instruction bits before: 4 (8-bit AVR devices have four IR bits)

Instruction bits before: 5 (32-bit AVR devices have five IR bits)

42.2. aWire
The aWire interface makes use of the RESET wire of the AVR device to allow programming and
debugging functions. A special enable sequence is transmitted by the Atmel JTAGICE3, which disables
the default RESET functionality of the pin.
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4.24.

When designing an application PCB, which includes an Atmel AVR with the aWire interface, it is
recommended to use the pinout as shown in the figure below. The JTAGICE3 ships with both 100-mil and
50-mil adapters supporting this pinout.

Figure 4-4. aWire Header Pinout

1 2
DATA @ @®|VCC
NC. @@ NC.
N.C. @ @ GND
aWire

Tip: Since aWire is a half-duplex interface, a pull-up resistor on the RESET line in the order of
47kQ is recommended to avoid false start-bit detection when changing direction.

The aWire interface can be used as both a programming and debugging interface, all features of the OCD
system available through the 10-pin JTAG interface can also be accessed using aWire.

PDI

The Program and Debug Interface (PDI) is an Atmel proprietary interface for external programming and
on-chip debugging of a device. PDI Physical is a 2-pin interface providing a bi-directional half-duplex
synchronous communication with the target device.

When designing an application PCB, which includes an Atmel AVR with the PDI interface, the pinout
shown in the figure below should be used. One of the 6-pin adapters provided with the Atmel JTAGICE3
kit can then be used to connect the JTAGICE3 probe to the application PCB.

Figure 4-5. PDI Header Pinout

1 2
DATA (@ @|VCC
N.C. @®NC.
CLK @ @ GND
PDI

UPDI Physical Interface

The Unified Program and Debug Interface (UPDI) is an Atmel proprietary interface for external
programming and on-chip debugging of a device. It is a successor to the PDI 2-wire physical interface,
which is found on all AVR XMEGA devices. UPDI is a single-wire interface providing a bi-directional half-
duplex asynchronous communication with the target device for purposes of programming and debugging.

When designing an application PCB, which includes an Atmel AVR with the UPDI interface, the pinout
shown below should be used. One of the 6-pin adapters provided with the JTAGICES3 kit can then be
used to connect the JTAGICES probe to the application PCB.
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424.1.

4.2.4.2.

Figure 4-6. UPDI Header Pinout

1.2
UPDI_DATA [@ @|VCC
(NC) @ @|(NC)
(NC) | @ @ GND

UPDI

UPDI using JTAGICE3

The JTAGICES supports programming and debugging using the UPDI interface. However, the JTAGICE3
has hardware which is not able to drive the 1-wire UPDI interface on pin 3 (AVR header) without driving
pin 6 (AVR header) at the same time. For this reason it is recommended to use the 10-pin mini-squid
cable for UPDI.

Note: Atmel-ICE and newer tools are capable of direct connection to the UPDI header.

UPDI and /RESET

The UPDI one-wire interface can be a dedicated pin or a shared pin, depending on the target AVR device.
Consult the device datasheet for further information.

When the UPDI interface is on a shared pin, the pin can be configured to be either UPDI, /RESET, or
GPIO by setting the RSTPINCFG[1:0] fuses.

The RSTPINCFG[1:0] fuses have the following configurations, as described in the datasheet. The
practical implications of each choice are given here.

Table 4-2. RSTPINCFG[1:0] Fuse Configuration

00 GPIO General purpose I/O pin. In order to access UPDI, a 12V pulse must
be applied to this pin. No external reset source is available.

01 UPDI Dedicated programming and debugging pin. No external reset
source is available.

10 Reset Reset signal input. In order to access UPDI, a 12V pulse must be
applied to this pin.

1 Reserved NA

Note: Older AVR devices have a programming interface, known as "High-Voltage Programming" (both
serial and parallel variants exist.) In general this interface requires 12V to be applied to the /RESET pin
for the duration of the programming session. The UPDI interface is an entirely different interface. The
UPDI pin is primarily a programming and debugging pin, which can be fused to have an alternative
function (/RESET or GPIO). If the alternative function is selected then a 12V pulse is required on that pin
in order to re-activate the UPDI functionality.

Note: If a design requires the sharing of the UPDI signal due to pin constraints, steps must be taken in
order to ensure that the device can be programmed. To ensure that the UPDI signal can function
correctly, as well as to avoid damage to external components from the 12V pulse, it is recommended to
disconnect any components on this pin when attempting to debug or program the device. This can be
done using a 0Q resistor, which is mounted by default and removed or replaced by a pin header while
debugging. This configuration effectively means that programming should be done before mounting the
device.
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4.2.5.

4.2.6.

4.2.7.

Important: The JTAGICE3 does not support 12V on the UPDI line. In other words, if the UPDI
pin has been configured as GPIO or RESET the JTAGICE3 will not be able to enable the UPDI
interface.

debugWIRE

The debugWIRE interface was developed by Atmel for use on low pin-count devices. Unlike the JTAG
interface, which uses four pins, debugWIRE makes use of just a single pin (RESET) for bi-directional half-
duplex asynchronous communication with the debugger tool.

When designing an application PCB, which includes an Atmel AVR with the debugWIRE interface, the
pinout shown in the figure below should be used.

Figure 4-7. debugWIRE (SPI) Header Pinout

1 2
MISO (@ @ VVCC
SCK |@ @[ MOSI
nRESET |@ @ GND
ISP

Note: The debugWIRE interface can not be used as a programming interface. This means that the SPI
interface must also be available (as shown in Figure 4-8) in order to program the target.

When the debugWIRE enable (DWEN) fuse is programmed and lockbits are un-programmed, the
debugWIRE system within the target device is activated. The RESET pin is configured as a wire-AND
(open-drain) bi-directional I/O pin with pull-up enabled and becomes the communication gateway
between the target and the debugger.

SPI

In-System Programming uses the target Atmel AVR’s internal SPI (Serial Peripheral Interface) to
download code into the flash and EEPROM memories. It is not a debugging interface. When designing an
application PCB, which includes an AVR with the SPI interface, the pinout shown in the figure below
should be used.

Figure 4-8. SPI Header Pinout

1 2
MISO |@ @ VCC
SCK |@ @|MOSI
nRESET |@ @| GND
ISP

SWD

The ARM SWD interface is a subset of the JTAG interface, making use of TCK and TMS pins. The ARM
JTAG and AVR JTAG connectors are however, not pin-compatible, so when designing an application
PCB, which uses a SAM device with SWD or JTAG interface, it is recommended to use the ARM pinout
shown in the figure below, and use the squid cable or an adapter to map to the AVR pinout used by the
JTAGICES. (There are no adapters available from Atmel to make this mapping.)
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4.3.

4.3.1.

43.2.

4.3.3.

Figure 4-9. Recommended ARM SWD/JTAG Header Pinout

1 2

vee [@ @) swoiomms
GND |@ @| swocLk/Tek
GND |@ @| sworrpo

KEY |@ @| NCTDI
GND |@ @| nRESET

The JTAGICES is capable of streaming UART-format ITM trace to the host computer. Trace is captured
on the TRACE/SWO pin of the 10-pin header (JTAG TDO pin). Data is buffered internally on the
JTAGICES and is sent over the HID interface to the host computer. The maximum reliable data rate is
approx. 1MB/s.

Atmel OCD Implementations

Atmel AVR UC3 OCD (JTAG and aWire)

The Atmel AVR UC3 OCD system is designed in accordance with the Nexus 2.0 standard (IEEE-ISTO
5001 ™-2003), which is a highly flexible and powerful open on-chip debug standard for 32-bit
microcontrollers. It supports the following features:

*  Nexus compliant debug solution

*  OCD supports any CPU speed

»  Six program counter hardware breakpoints

«  Two data breakpoints

*  Breakpoints can be configured as watchpoints

«  Hardware breakpoints can be combined to give break on ranges

+ Real-time program counter branch tracing, data trace, process trace (not supported by Atmel
JTAGICE3)

For more information regarding the UC3 OCD system, consult the AVR32UC Technical Reference
Manuals, located on www.atmel.com/uc3.

Atmel AVR XMEGA OCD (JTAG and PDI physical)

The Atmel AVR XMEGA OCD is otherwise known as PDI (Program and Debug Interface). Two physical
interfaces (JTAG and PDI physical) provide access to the same OCD implementation within the device. It
supports the following features:

*  Complete program flow control

*  One dedicated program address comparator or symbolic breakpoint (reserved)
*  Four hardware comparators

*  Unlimited number of user program breakpoints (using BREAK)

*  No limitation on system clock frequency

Atmel megaAVR OCD (JTAG)
The Atmel megaAVR OCD is based on the JTAG physical interface. It supports the following features:

*  Complete program flow control
*  Four program memory (hardware) breakpoints (one is reserved)
*  Hardware breakpoints can be combined to form data breakpoints
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4.3.5.

4.3.5.1.

*  Unlimited number of program breakpoints (using BREAK) (except ATmega128[A])

Atmel megaAVR/tinyAVR OCD (debugWIRE)
The debugWIRE OCD is a specialized OCD module with a limited feature set specially designed for
Atmel AVR devices with low pin-count. It supports the following features:

*  Complete program flow control
*  Unlimited Number of User Program Breakpoints (using BREAK)
« Automatic baud configuration based on target clock

Atmel tinyX-OCD (UPDI)
The Atmel tinyX-OCD is based on the UPDI (1-wire PDI) physical interface. It supports the following
features:

*  Complete program flow control
«  Two program memory (hardware) breakpoints (one is reserved)
*  Unlimited number of program breakpoints (using BREAK)

UPDI and /RESET
The UPDI one-wire interface can be a dedicated pin or a shared pin, depending on the target AVR device.
Consult the device datasheet for further information.

When the UPDI interface is on a shared pin, the pin can be configured to be either UPDI, /RESET, or
GPIO by setting the RSTPINCFG[1:0] fuses.

The RSTPINCFG[1:0] fuses have the following configurations, as described in the datasheet. The
practical implications of each choice are given here.

Table 4-3. RSTPINCFG[1:0] Fuse Configuration

00 GPIO General purpose I/O pin. In order to access UPDI, a 12V pulse must
be applied to this pin. No external reset source is available.

01 UPDI Dedicated programming and debugging pin. No external reset
source is available.

10 Reset Reset signal input. In order to access UPDI, a 12V pulse must be
applied to this pin.

1 Reserved NA

Note: Older AVR devices have a programming interface, known as "High-Voltage Programming" (both
serial and parallel variants exist.) In general this interface requires 12V to be applied to the /RESET pin
for the duration of the programming session. The UPDI interface is an entirely different interface. The
UPDI pin is primarily a programming and debugging pin, which can be fused to have an alternative
function (/RESET or GPIO). If the alternative function is selected then a 12V pulse is required on that pin
in order to re-activate the UPDI functionality.

Note: If a design requires the sharing of the UPDI signal due to pin constraints, steps must be taken in
order to ensure that the device can be programmed. To ensure that the UPDI signal can function
correctly, as well as to avoid damage to external components from the 12V pulse, it is recommended to
disconnect any components on this pin when attempting to debug or program the device. This can be
done using a 0Q resistor, which is mounted by default and removed or replaced by a pin header while
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