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1 INTRODUCTION

The PAC Firmware Development Getting Started Guide is a generic guide for the majority of PAC
firmware releases and is designed to help get PAC firmware up and running on a PAC EVK. Because
this guide is generic, other documents that are part of the firmware release should be consulted including
any readme.txt files. This guide assumes that the desired IDE has been installed and if using a
PAC55xx, the appropriate PAC55xx IDE support files have been added.

2 DEVELOPMENT SETUP
The first step is to setup the development environment as shown in the figure below; for some PAC
example firmware the motor is optional. The setup must include the following:

1.

»

PAC EVK board
a. These are normally shipped with the FLASH erased
Power Supply
a. Should be capable of supplying Vin rated for the particular PAC EVK and/or optional
motor
SWD debugger
Adapter Board(s) for connecting the SWD debugger and UART
Windows PC with desired IDE.

The figure below illustrates the different components.

Power Supply

Gnd Vin = Vmotor
: : v Vv

DL 4| USB to UART s
'| ET-UARTISO |[! UART

e | 4pin PAC EVK
‘USB | SWD .| 20-pinto |i |
| Debugger | |4-pin adapter|! SWD

| ET-UARTSWD A-pin

The picture below illustrates the setup for a PAC5223 EVK using the ET-UARTSWD adapter board.
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This picture is a close-up of the EVK connections for the PAC5223 EVK.

/o

UART
Cable

| Vin Supply

USB to UART w/ Isolation \ Gnd Vin

Debug adapter w/ Isolation = 3 Phase
‘ Motor
S Wires
4 pin SWD Cable

This getting started guide will walk through each connection step by step. Images in this guide only
show the setup of the PAC5223 EVK, so please consult the PAC EVK user’s guide for details of the
specific PAC device being evaluated.

2.1 Motor Connection (optional)

For some PAC firmware examples, connecting a motor is not required. But, if evaluating the PAC
BEMF/BLDC or FOC firmware, then connect a 3 Phase BLDC/PMSM motor using the spade connectors
labeled U, V and W that are present on PAC EVKs. The image below shows the connection to the
PAC5223 EVK.
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2.2 Power Supply Connection
Connect a power supply to the Vin and Gnd input spade connectors on the PAC EVK
according to the PAC EVK ratings, and/or the motor specification if used. The image
on the right shows the connection on a PAC5223 EVK.

L'l Wait to turn on the supply until just before flashing the device with an IDE.

2.3 PC UART and Debugger Connection

Some of the PAC firmware makes use of a UART for output to a Windows terminal or
for control using a Windows based GUI. These require a UART connection between
the PC and the PAC device. Also, a debugger is required to flash the firmware to the PAC device. Two
primary options are available for the UART and debugger connectivity:

1) ET-UARTSWD combination adapter board
2) ET-UARTISO-1 with either ET-IARISO-1 or jumper SWD debugger connection

2.3.1 Option 1: ET-UARTSWD

Using the ET-UARTSWD adapter board is the best method for UART and Debugger connectivity. New
PAC EVKs are now shipping with the ET-UARTSWD combination adapter board that includes isolation
for high voltage applications (see image below on left). The ET-UARTSWD has both a USB to UART
function and connectors that adapt various debugger connector types to the 4-pin SWD header found on
all PAC EVKs. It also includes an optional target side 20-pin MIPI connector for PAC55XX EVKs.
Various aspects of the board are highlighted in the image below on the right.
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To connect the UART, use a 4 wire cable to
connect the PAC EVK 4-pin UART header labelled
[+ TXRX -] tothe ET-UARTSWD 4-pin UART
header labelled [ + TX RX -]. The image on the
right shows the connections for the PAC5223 EVK.
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Note: On PAC55xx EVKs make sure the cable is not connected to the
DBG_UART. The image shown on the left highlights the 2 UART
headers on the PAC5523 EVK. The DBG_UART is primarily used for
printfs() via UART to a PC terminal applications.

Next, use a 4 wire cable to connect the PAC EVK 4-pin SWD header
labelled [ + SD SCL -] to the ET-UARTSWD 4-pin UART header labelled
[+ DIO CLK - ]. The image below shows the connection for the PAC5223 EVK.

Now connect the 20-pin IDC ribbon cable of the SWD debugger to the appropriate PC/Host side
connector on the ET-UARTSWD board. The image below shows a J-Link 20 pin IDC ribbon cable
connection.

A Notes:

1) The majority of debuggers sense the target hardware Vcc on pin 1 and can handle a 3.3v input.
So, the most typical configuration for the ET-UARTSWD is where the power for the PC/Host side
of the isolation is supplied by the USB to UART circuitry. For this configuration, the ET-
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UARTSWD jumper JP3 should be connecting 3.3v to VCC_DBG, which is the default position. If
the debugger can’t support this because
a. it supplies a voltage on pin 1,

b. it doesn’t support 3.3v input, or
c. if a USB connection to the PC is not being used, then consult the ET-UARTSWD User’s

Guide for powering the debugger Vcc.
2) Debuggers that have built in isolation are not supported, because the 2 isolation circuits will

interfere with each other.
a. The ET-COLINK-1 debugger for CooCox includes isolation and so is not supported with

ET-UARTSWD. ET-COLINK-1 can be directly connected to the 4-pin SWD header.
3) For debuggers with built in isolation, connect the 4 pins [ Vcc, SD, SC, Gnd ] directly to the SWD
4 pin header on the PAC EVK using jumpers.

Next connect a USB cable from the PC to the ET-UARTSWD adapter board as illustrated in the image
below. If USB power is present, then LED D2 should light up. LED D1 should also light up indicating the
debug Vcc is active. D3 and D4 LEDs will turn on and off based on UART TX and RX activity

respectfully.

<-LED D3 -TX

e
< </
-:g:} <- LED D4 - RX

i LED D2 - USB 5V ->

E
o
)
-
o
o
o
(]
=
3
3
H

Finally, plug the debugger’s USB cable into the PC.

Now proceed to paragraph 3 to build and flash the PAC firmware image.
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2.3.2 Option 2: ET-UARTISO-1 with ET-IARISO-1 or jumper SWD connection
Another option for UART connectivity is to use the ET-UARTISO-1 adapter for USB to UART
communications. In this case, SWD connectivity to the PAC EVK is handled separately. The ET-
UARTISO-1 is shown below.

To connect the UART, use a 4 wire cable to connect the PAC EVK 4-pin UART header labelled [ + TX RX
-] to the ET-UARTISO-1 4-pin UART header labelled [ VT R G]. Note thatV T R G stands for Vcc, Tx,
Rx, and Gnd respectively. Then, connect the USB port to a PC.

Note:

1) The ET-UARTISO-1 can be plugged directly into
a USB port on the PC, or used with a USB
extension cable.

The image on the right shows the connection of the ET- —-‘$

UARTISO-1 to the PAC5223 EVK using a USB
extension cable.

Note: On PAC55xx
EVKs make sure the
cable is not connected to the DBG_UART. The image shown on the left
highlights the 2 UART headers on the PAC5523 EVK. The DBG_UART
is primarily used for printfs() via UART to a PC terminal applications.

LEDTX and LEDRX LEDs will turn on and off based on UART TX and RX
activity respectfully.

When using the ET-UARTISO-1, there are 2 options for SWD connectivity to the PAC EVK:

1) Use the ET-UARTISO-1 SWD adapter board
2) Connect the SWD debugger to the PAC EVK using jumper wires

2.3.2.1 ET-IARISO-1

For SWD debugger connecitivity, the ET-IARISO-1 isolated
SWD adapater board can be used to adapt the 4 pin SWD
connector of PAC EVKs to most SWD debuggers that have a
standard ARM 20-pin IDC connector. Two versions of the ET-
IARISO-1 adapter board are shown on the right. The green
one has a right angle connector, which can be directly plugged
into the SWD debugger without a cable. The blue one has a
© 2019 Copyright, Active-Semi International, Inc. -9 - 2019-04-30
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straight header, which the debugger 20-pin ribbon cable can be plugged into.
Because the debugger side of the ET-IARISO-1 requires power, either

1) The SWD debugger must be cable of supplying 3.3V power on Pin 1 of the 20-pin IDC connector.
2) Or, an external 3.3v supply must be connected to Pin 1 of the 20-pin IDC connector

If these two options aren’t possible, then consider the SWD debugger jumper method in paragraph
2.3.2.2.

A Note:

1) Debuggers that have built in isolation are not supported, because the 2 isolation circuits will
interfere with each other.

2) Note that Pin 1 on the ET-IARISO-1 has a square solder connection on the bottom of the
adapater board.

Now, use a 4 wire cable to connect the PAC EVK 4-pin SWD header labelled [ + SD SCL -] to the ET-
UARTISO 4-pin UART header labelled [V D C G]. V D C G stands for Vcc, SD, SCL, Gnd respectively.
The image below shows the connection for the PAC5223 EVK.

3
(2] tuan
Elzeznso

Now connect the 20-pin ribbon cable of the SWD debugger to the ET-IARISO-1 board. Pin 1 of the ET-
IARISO board is at the top and represented by the blue wire of the ribbon cable in the figure above.
Connect the other end of the 20-pin ribbon cable to the 20 pin IDC connector on the SWD debugger.

Now proceed to paragraph 3 to build and flash the PAC firmware image.

2.3.2.2 SWD Debugger Connection Using Jumper Wires
Use of jumper wires to connect the SWD Debugger should be considered if any of the following are true:

1) an ET-UARTSWD adapter is not available

2) an ET-UARTISO-1 is not available

3) an ET-UARTISO-1 is available, but 3.3V can’t be supplied to pin 1 of the adapter
4) The SWD Debugger has built in isolation
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1) When connecting a non isolated SWD Debugger to a high voltage PAC EVK using jumpers, care
must be taken or injury and PC damage could occur. For PAC52xx EVKs, the default SWD signal

voltage is 5V.

2) If the SWD debugger doesn’t support 5V operation, do NOT connect the debugger via this jumper

method.

Connection of the SWD Debugger using jumper wires involves connecting 4 jumpers to the PAC EVK. A
standard ARM JTAG/SWD 20-pin IDC connector pin out is shown below.

VCC1

TRST 3

NC/TDI 5
SWDIO/TMS 7
SWDCLK/TCLK ¢
RTCK 11
SWO/TDO 13
RESET 15

N/C 17

N/C 19

000000000 o

000000000 o

Connect VCC, SWDIO, SWCLK, and a GND using jumper wires
to the 4 signals of the PAC EVK 4-pin SWD header labelled [ +
This is illustrated in the block diagram on the right.

SD SCL - .

The picture below shows the actual connection of a J-Link

ARM Standard JTAG
20-pin Connector

2 VCC(Optional)
4 GND
6 GND
8 GND
10 GND
12 GND
14 GND
16 GND
18 GND
20 GND

debugger and the PAC5223 EVK. The jumper wires in the

picture are as follows:

e Pin1l-Vcc=Red

© 2019 Copyright, Active-Semi International, Inc.

Pin 7 - SWDIO = Orange
Pin 9 - SWCLK = Yellow
Pin 15 - Gnd = Green

-11

ARM Standard JTAG
20-pin Connector

vee 2 VCC(Optional)
. G‘E}. et PACEVK
maea ) = SWD 4-pin
Ne/mIs| [ [J |6 6ND P
SWDIO/TMS 7 | [Smfl 18 GND +
SWDCLK/TCLK 0[BT M
) SD
RICK 11 [J [ [12GND
swo/p0 13| [J [ | GND SCL
RESET 15| [ -
Ncz| [0 [0 |scxp
Nciwof [J [ |20 GND
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The next few steps will configure, build, and flash the firmware to the device on a PAC EVK.

3.1 Choose Device Family and IDE Project

Most PAC firmware contains common source code used
for various PAC devices and several IDEs; the common
source code is typically stored in the src folder. The
figure on the right shows the folder structure of the
PAC55xx Example Code.

Sometimes a resources folder is provided that contains
documentation and other resources such as a GUI or
setting files.

pac3ho_example_code

eclipse_proj 77"'»
. - IDE project
iar_proj —

- J folders
keil_proj B
paciiocsdk

resources < Documents and other resources

src. «—————— Common Source

If the firmware only supports a single device family, then the ide project folders will typically be at the top
level. Chose the desired IDE and open the project in the associated folder.

If multiple device families are supported by the firmware
release, then there will be device family specific code and
projects within the device family folders. The figure to the
right shows the FOC folder hierarchy for PAC firmware
that includes multiple PAC device families. First choose
the device family, either PAC52xx or PAC55xx. Then,
navigate down to the project folder for one of the IDEs:
Keil, IAR, or Eclipse. Using the desired IDE, open the
project contained in the associated folder.

3.2 Configure Firmware

The firmware typically needs to be configured for the
particular PAC device and/or board. It may also have
various settings or features that need to be configured. To
configure the firmware, navigate within the folder view of
the IDE project to the src folder to reveal main.c and
configuration files with “config” or “select” in the file name
depending on the firmware release. By editing these files,
the appropriate PAC device and/or board can be chosen
along with other configuration settings.

© 2019 Copyright, Active-Semi International, Inc. - 12

pac_foc

paciio o
board
cmsis_core
dei PAC52xx
evice ___ specific
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iar_proj and files
keil_proj
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paciio
board
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. PAC55xx
device e
) ) — specific
eclipse_proj folders
iar_proj and files
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3.3 Build and Flash the Firmware

To build and flash the firmware image, follow the steps below:

e From the IDE build the firmware image
o If building for a PAC55xx device, make sure to install the IDE support files that can be
found on active-semi.com in any PAC55xx device product folder on the software tab.
o Verify the build is successful with no errors before moving to the next step.
o Some IDEs will produce some warnings which are ok to ignore.
o Make sure the Power Supply is turned on and the IDE is configured for the debugger being used
e From the IDE start a debug session to connect to the PAC and flash the firmware image to the
device for single stepping, viewing memory/registers, and running the firmware.

Optionally, just flash the firmware without debugging. Note that some IDEs won’t reset the PAC device
after Flashing and this has to be done manually to start the PAC executing. If this is the case, turn the
power supply off and back on to reset the PAC device.

Now the PAC will be running and either performing printfs to the UART, or waiting for communication from
a GUI, if the firmware project uses one.
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ABOUT ACTIVE-SEMI®

Founded in 2004 in Silicon Valley and headquartered in Allen, Texas, Active-Semi® is a rapidly
emerging leader in the multi-billion dollar power management IC and intelligent digital motor drive IC
markets. The company's portfolio of analog and mixed signal SoCs (systems-on-chips) are scalable
core platforms used in charging, powering and embedded digital control systems for end
applications such as industrial, commercial and consumer equipment. The company offers power
application microcontrollers, DC/DC, AC/DC, PMU and LED drivers that significantly reduce solution
size and cost while improving system-level reliability. Active-Semi's turnkey solutions deliver energy-
saving power conversion architectures that minimize energy usage and compress system
development cycle-time by greater than 50 percent. Active-Semi ships 50 million power ICs per
quarter and reached the "one billion units shipped" milestone in May 2012. The multi-national
company focuses on commercializing industry leading power management IC solution platforms and
has developed broad intellectual property with over 150 patents granted and pending. For more
information visit: http://active-semi.com/
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