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1 Overview

This document focuses on the procedure of entering boundary scan mode for
the board-level test. It provides the setup sequence and script examples to
ensure first-pass success.

Engineers should understand the standard for the test access port and
boundary scan architecture from IEEE 1149.1.

1.1 Boundary scan

Boundary scan is a method for testing interconnects on PCBs and internal IC
sub-blocks. It is defined in the IEEE 1149.1 standard.

In boundary scan test, each primary input and output signal on a device is
supplemented with a multi-purpose memory element called a boundary scan
cell. These cells are connected to a shift register, which is referred to as the
boundary scan register. This register can be used to read and write port states.

In normal mode, these cells are transparent, and the core is connected to the
ports. In boundary scan mode, the core is isolated from the ports and the port
signals are controlled by the JTAG interface.

The following figure shows the principle of boundary scan chain.
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Figure 1. Boundary scan principle
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1.2 JTAG Test Access Port (TAP)

The JTAG TAP is a general-purpose port and it can provide access to many test support functions built into the component. It has
four or five signals, as described in the following table. The TAP controller can be used for boundary scan as aforementioned by

using the JTAG pins.

Table 1. JTAG pin signal description

Signal Name

I/O Type

Description

TCK

Input

The test clock input provides the clock for the test logic.

Table continues on the next page...
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Table 1. JTAG pin signal description (continued)
Signal Name 1/0 Type Description
TMS Input The value of the signal presented as TMS at the time of a rising edge at TCK
determines the next state of the TAP controller.
TDI Input Serial test instructions and data are received by the test logic.
TDO Output Serial output for test instructions and data from the test logic.
TRST_N Input Optional active low signal to reset the TAP controller.

1.3 BSDL introduction

BSDL files are based on the syntax and grammar of VHDL (Very high-speed integrated-circuit Hardware Description Language).
They describe those aspects of the boundary scan implementation that are not defined by the standard. For example, it provides
the length of the instruction register (which is set by the device manufacturer), but not the length of the ID register (which the
standard mandates is 32 bits long). It gives information on which boundary scan cells connect to each pin, details of various
registers, and a description of the boundary scan cells themselves.

The following figure shows the main elements of a BSDL file (for simplicity, not all features are shown).

entity PARTNUMBER is
Part Description
use STD_1149 1 2001.all;

pin mapping

port groupings
TAP details
instrucstion register length
instruction opcodes
ID code
register access details

boundary register detials
end PARTNUMBER,;

Figure 2. Main elements of a BSDL file
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Setting up BSDL scan environment

For more details about BSDL, see https://www.xjtag.com/about-jtag/bsdlI-files/bsdl-and-svf-file-formats/.

1.4 Downloading LPC55(S)xx BSDL file

Users can download BSDL files from the following links:

LPC55(S)6x: https://www.nxp.com/downloads/en/bsdl/LPC55S6X-BSDL.zip
LPC55(S)2x: https://www.nxp.com/downloads/en/bsdl/LPC55S2X-BSDL.zip
LPC55(S)1x: https://www.nxp.com/downloads/en/bsdl/LPC55S1X-BSDL.zip

For the latest part, users can download the BSDL file from “Design Tools & Files” item in the “Tools & Software” quick link on this
part’s dedicate website in nxp.com.

2 Setting up BSDL scan environment

2.1 JTAG tool

In this application note, JTAG Live controller is used, which is USB connected and powered and features a single test access port
in JTAG Technologies standard pin-out. It offers a maximum programable TCK speed of 6 MHz and features programmable output
voltage and input thresholds. Users can purchase JTAG Live controller through the following link:

https://www.jtaglive.com/product/low-cost-usb-jtag-live-controller-interface/

The following figure shows the JTAG Live controller.

Figure 3. JTAG Live Controller

2.2 Installing software

The JTAG Live controller needs coordinate with PC software “JTAG Live Buzz”. The JTAG Live Buzz is downloadable from the
website JTAGLive.com.

The free software can be downloaded when the user provides registration to the site.
https://www jtaglive.com/product/jtag-live-buzz/

Select the Download for free for the JTAG Live Buzz.
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Software | JTAG Live

€« - C |G nttpsy//www.jtaglive.com/en/products/software/en

& =

JTAG L;V@ Making JTAG accessible!

Buzz | BuzzPlus | AutoBuzz | CoreCommander | Clip | Saipt | Studio

Software

JTAG Live Buzz

JTAG Live™ Buzz provides an easy solution for debugging boards too

W) [ IBUZZ crowded for traditional probing with scopes or logic analysers -
what's more it's totally free.

JTAG Live BuzzPlus

- While Buzz allows the user to sample activity on boundary-scan pins
W) [ EBUZZ and test continuity of nets across a circuit board, BuzzPlus extends
its capability with a unigue “seek and discover’ mode that effectively
learns the network of nodes for a specified net connection.

ITAG live AutnRuzz

SOFTWARE | HARDWARE | ABOUT JTAG LIVE | DEMOS | CUSTOMER REFERENCES

HOME | MY IJTAGLIVE | CONTACT | CH i

$0.00

$125.00

4 L

Figure 4. Download JTAG Live Buzz

2.3 Hardware connection diagram
The JTAG Live controller consists of:
* Universal debugger hardware
» Debug cable specific to the processor architecture

The following figure shows the schematic diagram of hardware connection
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Figure 5. JTAG Live controller schematic diagram of hardware connection

Suggestions for users are as follows:

» To prevent the debuggers or target being damaged, it is forbidden to plug or unplug the debugger while the target is
powered on. The recommended sequence for powering on or off is as follows:

— Power on: debugger > target
— Power off: target > debugger
» The debugger interface has pin1. Please double check the direction to prevent damages to the debugger or target.

* It is recommended to press "Help->JTAG Training Center..." to enter the off-line help system to get basic training of JTAG
Live tool.

Take the LPC55S69-EVK board as an example:
1. Connect JTAG Live Controller to the EVK board by the 10 pin DuPont wires.
2. Connect to the PC through the USB cable.
3. Connect the EVK USB port to the PC.

2.4 Setting LPC55(S)xx into boundary scan mode

To set LPC55(S)xx into boundary scan mode, perform the following steps:
» Configure P02 (TRST) = 1, PO 11(SWCLK) = 1 and PIOO 12 (SWDIO) = O.
* Press and hold the "ISP(PIO0_5)" button (PIO0_5 = 0).
* Press and hold the "RESET" button (Reset = 0).

Introduction to Boundary Scan of LPC5500, Rev. 0, 30 October 2020
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BSDL file validation using JTAG Live controller and JTAG Live Buzzer

* Release the "RESET" button (Reset = 1).
» Release "ISP" button (PIO0_5 = 1).

JTAG functions TRST, TCK, TMS, TDI, and TDO are selected on pins PIO0_2 to PIO0_6 by hardware when the LPC55(S)xx parts
are in boundary scan mode.

Now LPC55(S)xx enters boundary scan mode.

3 BSDL file validation using JTAG Live controller and JTAG Live Buzzer

When the JTAG Live controller is connected with the PC successfully, the “USB Serial Converter” should appear in the Device
Manager, as shown in the following figure.

mem Dy3iTi UTVILED
v ' Universal Serial Bus controllers

§ Generic SuperSpeed USB Hub

Generic USB Hub

Intel(R) USB 3.1 eXtensible Host Controller - 1.10 (Microsoft)
USB Composite Device
USB Composite Device
USB Composite Device
USB Composite Device
USB Root Hub (USB 3.0)
USB Serial Converter A

USB Serial Converter B

i USB Connector Managers

Figure 6. JTAG Live name appearing in Device Manager

Open the JTAG Live software and choose "JTAG Live".

Introduction to Boundary Scan of LPC5500, Rev. 0, 30 October 2020
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All Apps Documents Settings Photos

Best match /
P2 JTAG Live 1.8 N JTAG
App
Apps .
JTAG Live 1.8
JTAG Live License Manager > App
jtaglive_setup (1).exe >
jtaglive_setup.exe > 7 Open
¥ J-Link JTAGLoad V6.56 > v
Recent
Uninstall JTAG Live 1.8 >
LPC55569JBD100_HLQFP100
Documents (9+)
Project_HLQFP100
Folders (1+)
Project_LPC55569_HLQFP100

Figure 7. JTAG Live Software

3.1 Creating a new project by JTAG Live Buzz
To create a new project by JTAG Live Buzz, perform the following steps:

1. Create a new project by clicking "Project -> Start".

{8 J7AG Live
Project Task Instrument Window Tools Help

-. Save Ctrl+S

Save As

Preferences ...

Close

Exit

Create Archive
1. G\ Product_NXP\LPC5556x\5. Templates\LPC55569BSDL\LPC55569)BD100BSDL\LPC55569)BD100_HLQFP100.jt!
2. C:\Us \Desktop\backup\LPC556x_BSDL_TestReport\HLQFP100_Prj1\Project_HLQFP100.jt!

3. C\Use Jesktop\backup\LPC556x_BSDL_TestReport\HLQFP100_Prj\Project_LPC55569_HLQFP100.jt!
4. C\ \bsdl_test\Project_f.jtl

Figure 8. Creating a new project
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2. Select "Create a new JTAG Live Project" and click the "Next" button.

4% JITAG Live Starts Here .. | ? X
What do you want to do?
(* Create a new JTAG Live Project
" Open an existing JTAG Live Project: I | |
" Open an existing Archive: I |
Jack Next > Cancel

Figure 9. Creating a new JTAG Live Project

3. Enter the name of the project and the directory to store the project files, and then click the "Next" button.

Introduction to Boundary Scan of LPC5500, Rev. 0, 30 October 2020
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4% JITAG Live Starts Here .. | ? X
Choose a name and file location for the new project:
Project Name: [LPC 55(S)69JBD100_BSDL_AN
Location: [C:\Use \Documents\JTAG Live'‘projects |
File Name: C\Users' \Documents‘\JTAG Live‘\projects\LPC55(S)69JBD100_BSDL_AN jtl
Data Folder:  C:\Users\ \Documents'\JTAG Live'projects\LPC55(S)69JBD100_BSDL_AN"\
< Back Next > Cancel

Figure 10. Entering the project name and selecting project store path

4. Create a new scan chain and click the "Next" button.

image13.emf
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Figure 11. Creating a new scan chain

5. Right-click in the window and select "insert device", and then click the "Next" button.
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Figure 12. Selecting "Insert Device"

6. Browse the folder and select the BSDL file.

image15.emf
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Figure 13. Selecting the BSDL file

7. If the BSDL is valid, the Buzz utility fills in all the necessary information as shown in the following figure.

M Insert Device - Properties ? X

Chain: | TAP1
Device Name: DEV1_1
Manufacturer: |NXP (Philips)

ID Code: |00010111001001100000000000101011

Device Type: Iniobed_ic

BSDLFile:  |S6x\1. Documents\BSDL\lpc5556x100bsd  [a

oK Cancel

Figure 14. Valid BSDL file information
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8. In the following window, select "Finish".

Wil Modifying the Board configuration

Device Types
Device Fie Package
1 [C-\Magicoe Sync \Product_NXP \LPC5556x\1. Documents\LPC 555xx_AN'BSDL Test Upc! 100 bsdl

bk [ o | concel

Figure 15. Creating a new project finished

9. Now create a new task. Select "Task Type" as "Buzz" and type in "Task Name" (for example, PIO0_0 to PIO0_1).

& New JTAG Live Task ? X
Task Name Help
Task Name: |PIOD_Dto PIO0_1|
Task Type: I Buzz LI
0K Cancel

Figure 16. Creating a new task

3.2 Infrastructure test
An infrastructure test is used to determine if the BSDL is valid and to determine if the JTAG Live dongle can talk to the
targeted device.

1. Click on the Infrastructure Test icon to execute the test.

Introduction to Boundary Scan of LPC5500, Rev. 0, 30 October 2020
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W JTAG Live - C\MagicoeSync\Product_ NXP\LPC5556x\5. Templates\LPC55569BSDL\LPC55569)BD100BSDLALPC55569)BD100_HLQFP100
Project Task [nstrument ﬂind“ols Help

I8 %X |ad|e|a

—

Name | Pinid |
- 42 PIO0_0to PIOD_1

- @ Buzz

= 2 Boards

(-8 Devices

# TAP1-TDI
$# DEV1_1
L # TAP1-TDO

Figure 17. Infrastructure Test icon

2. If everything is connected properly, a dialog boxs appears with "Passed". If "Failed", see Chapter 2.4 and ensure that
the pins setting are correct.

W JTAG Live - C\MagicoeSync\Product NXP\LPC5556x\5. Templates\LPC55569BSDL\LPC55569)BD100BSDLVLPC55569)BD 100 HLAFP100 - [Infra Truth Table - infra]

8 Project Task Instrument Window Tools Help
BN R =R ]

E T-TAP Chain Device Register CAPTURE Test

1 TAPL DEV1_1 IR 0001

Flag IR-pattern 1111100000
T-TAP Chain Device Register IDENT Test
1 TAPL DEVI_1 ID 00010111001001100000000000101011
T-TAP Chain Device Register  TRST Test
1 TAPL DEVI_1 IR 000-

= 1

Execution status: infra: Infrastructure ? X

Figure 18. JTAG Tool connect successfully

3. Double-click on the Buzz icon to open up the Buzz settings.
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s C\bagicoeSyncProduct NXYLPCS35645. Templates\LPC55S 95 D14 PC555690B0 1003SDLYLPC5 5569120100 HLGFPO0 - [Buzz - Task: HLOFPT0 - 3 <
= 181X
sl x[2adlv @

Ll IS
Y - e Standard ‘
-
= @ Boards.
B
:.DQ';’::: ol \ | o =
Latens
SRt =
o | —> fn: [ %]
Measure:
@#Device | TP | & Vaue Dive) @Device | T FPn | Voloe (Serse) »|
<
Constrants
@Device | T Pn & Value Dive) | Ff Mote ﬂ
w
Figure 19. Buzz setting

4. After opening the Buzz setting, user can expand the device to show the pins. In this example, the device name is
"DEV1_1". First, make sure that each Pin ID should match the device datasheet naming convention. Then, select the
pin to observe and drag it to the Pin area under the Buzz selection. In this example, PIO0_0 pin is selected as the

driver.
&
- =18 %
~H X BBl ?A
LI
Nama Pra | 4]
T = sncend |
e =
e Ll e | =
R XTAL.
*n XTAL. Buzz
-3 Moo —_—
::wz oo [pen 2l
Ta pan g Vemn
;15 Z"O"; @Device | TPn | § Vaue Dove) @Devee | PPn | § Vaue (See) LJ
: 7]
el 002
Ul ]
] 04
£ ]
65 0_8
-8 »05 Constrarts
:‘]; :gﬁ @Dwvice | PPn | & VaeDwe) | EF Nete 7|
;\?9 :;j;
&170 p0_14 -
»
Figure 20. Drag and drop PIO0_0 into Buzzer settings
5. Select the receiver pin and drag it into the receiver Pin area. For this example, PIO0_1 is used.
| I M 5 ol L x Task
= - =l x|
R R T =N ]
Al
o e |
A0 vSS_ Wach.
BT | vae =
£nomo J -
b iy v1_1-123 Pin DEV1_1-14
- o =1 == -
re paa =
6 gnde3 'w(mm @leice | PPn | ff Vaue Sense) »|
14 ot | T |
me s
719 pl4
10 o0
55 008
126 p09 Constraints
"g’;] :m @Devce | WPn | § VakeDnve) | F Nt |
o0 012
i A169 p0_13
1 170 o014 ﬂ
e ]
x -l
Figure 21. Drag and drop PIO0_0 into the receiver pin area

6. Run the Buzz scrip by selecting the Buzz icon. On the testing board, if the driver and receiver is connected and BSDL is
valid, the Buzz window turns to green to indicate success.
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C\MagicoeSyn NXPALPC5556x\5. Templates\LPC55569BSDL\LPCS5569.8D BSDL\LPC55569)8D100_HLQFP1C Buzz - T2
- Y T =& X
B e X [
EJI P
Name [Pa | =]
T a2 VS5_.. e |
-P108 VSS_ _
hald VSS_.. Wetch
P18 VSS_ N .
F216 VSS_.. o | vabe: | c”ck :'
;72 XTAL
273 XTAL Buzz W’
F18 XTAL
120 XTAL. Pi: [DEVI_1-123 — [DEVIT-14 £
x12 gnde_0
,13 onde_1
P onde_2 —
a3 onde_3 -
#1250 %Device | PPn | B Vae Dive) @Device | FPn | 4 Vaue (Sense) »|
y N p0_1 ﬂ
%188 p0_2
1 p0_3
2159 pld
10 007
-&755 008 §
;1% 009 e
-J47 0010
v e @Device | TPn | § VaeDwve) | Ef Note #|
T30 p0_12
| ;165 p0 13
! {rm p0_14 ﬂJ
k4
[ 11:30:44 [0000] Buaz HLGFP100 in progress. please wail =]
11:30:46 [0000] Buz HLQFP100' ready
11:31/16 10000] Buzz HLGFPI00 inprogress, please wai =
Figure 22. Test PIO0_0 and PIO0_1 successfully

4 Reference

* LPC55S56x/LPC556x Datasheet, Rev. 1.9 (LPC55S6x)
o LPC5552x/LPC552x Datasheet, Rev. 1.8 (LPC55S2x/LPC552x)
* LPC55S1x/LPC551x Datasheet, Rev. 1.3 (LPC55S1x/LPC551x)
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