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Abstract

This document describes the SmartBond Production Line Tool (PLT). The various software
applications, as well as the PLT hardware are explained in detail. The purpose of this document is to
guide users in the use of it.

Supported Devices DA1453x and DA1469x.
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1 Terms and Definitions

API Application Programming Interface

BD Bluetooth Device

.bin Firmware files in binary format

BLE Bluetooth Low Energy

CFG Configuration

CLI Command Line Interface

COM Communication port

CPLD Complex Programmable Logic Device

CRC Cyclic Redundancy Check

CSs Configuration Script

Ccsv Comma Separated Values

DLL Dynamic Link Library

DMA Direct Memory Access

DMM Digital Multi-meter

DTM Direct Test Mode (as specified by the BLE Core standard)
DUT Device Under Test

DVM Digital Voltage Meter

EEPROM Electrically Erasable Programmable Read-Only Memory
.exe Executable file

FTDI Future Technology Devices International Ltd.

GPIO General Purpose Input-Output

GU Golden Unit

GUI Graphical User Interface

Hex Firmware file in ASCII format

HW Hardware

IC Integrated Circuit

IDE Integrated Development Environment

12C Inter-Integrated Circuit

JTAG Joint Test Action Group

0S Operating System

OoTP One Time Programmable (memory)

PC Personal Computer

PCB Printed Circuit Board

PER Packet Error Rate

PLT Production Line Tool

PLTD Production Line Tool DLL

POR Power-On Reset

RAM Random Access Memory

RCX Resistor Crystal Oscillator

RF Radio Frequency

RX Receive

SCPI Standard Commands for Programmable Instruments
SoC System on Chip

SDK Software Development Kit
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SPI Serial Peripheral Interface

SW Software

TCS Trim and Calibration Section

TX Transmit

UART Universal Asynchronous Receiver/Transmitter
Ul User Interface

USB Universal Serial Bus

VISA Virtual Instrument Software Architecture

VPP Programming supply voltage (pin)

XML Extensible Markup Language

XTAL Crystal

XSD XML Schema Definition
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3

New Version Features

This manual explains the usage of the 16 channels SmartBond™ Production Line Tool (PLT). It
refers to the SmartBond_PLT_v4.6 software release, which compared to version 4.5 has the added

features illustrated in Table 1.

Table 1: SmartBond_PLT_v4.6 added features

# Features Description
1 DA14535 support New chipset support.
2 DA1453x-01 support New chipset support.
3 Latest SDK support PLT has been updated to support the latest SDK6 and SKD10
releases, including general compatibility and new binaries.
4 Bug Fixes This version includes a number of bug fixes reported since the
previous release.
User Manual Revision 1.0 Oct 9, 2023
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4  Introduction

PLT designed to test, calibrate, and load firmware for 16 different devices under test (DUTS) in
parallel.

The following parts are delivered with the tool:

e Hardware
o Main board (Figure 1) together with a DA14580-QFN48 Golden Unit
o Electrical schematics
o Gerber files
o Bill of Materials.
e Software
o Source code files organized in a Microsoft® Visual Studio Express 2017 solution
o Application executables and required DLLs.
e Documents

An example of a sequence of actions the tool performs is given below. All actions are performed in
parallel for up to 16 devices.

1. Download the production test firmware (e.g. prod test 531.bin).
2. Perform automatic crystal (XTAL) trimming.
3. Perform RF RSSI test.
4. Download and burn the customer firmware (into OTP, SPI flash, QSPI flash or I2C EEPROM).
5. Burnthe OTP header.
6. Perform Scan test. Reset the DUTs and set the GU to scan for the DUT BLE advertisements.
3
£
o |
h
Figure 1: Production Line Tool hardware
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5 Hardware

5.1 Hardware block diagram

Figure 2 shows the various blocks of Production Line Tool hardware. These blocks are explained
below:

e Blue blocks: USB-to-UART interfaces.

o Four FT4232 FTDI QUAD USB-to-UART interfaces are used for a 16-channel USB-to-UART
conversion.

o The GU is connected to the PC via an FT232 FTDI USB-to-UART interface.
e Red block: A CPLD that has the following purpose:
Switch UART signals between the PC USB-UART and DUTSs.
Switch DUTs VBAT signal.
Switch DUTs VPP signal (only when VBAT is enabled).
Produce Reset signal to the DUTSs.
Produce 300/500 ms XTAL calibration pulse.
e Orange block: A Golden Unit (GU) is mounted, which has the following functionalities:
CPLD control using custom commands.
Transceiver for Bluetooth RF signals to and from the DUTSs.
Produce an audio tone using PWM, used for audio testing.

o O O O O

Scan for device BLE advertisements, after the customer firmware is programmed.
Interface to the PC.
e Purple blocks: Sixteen (16) device connectors.

o O O O O

Production Line Tool Hardware

USB Cable 1 USB Cable 2

USB HUB

URX/UTX T

GU Flash Golden Unit

Control &
Commands

FT4232 FT4232 FT4232

4x URX/UTX 4x URX/UTX 4x URX/UTX 4x URX/UTX

URX/UTX

User Manual Revision 1.0 Oct 9, 2023

XTAL trim pulse

VPP Enable

CPLD

RST URX/UTX RST URX/UTX
—

Figure 2: Production Line Tool hardware board block diagram

VBAT Enable

URX/UTX

—
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5.2 Printed circuit board layout

Figure 3 shows the top view of the PLT board. The important parts are labelled using the orange
boxes. The VPP jumper and the Current jumper are labelled in blue.

The Golden Unit has a DA14580 QFN48-die soldered. Most of the 48 pins are basically used to
connect to the CPLD. The CPLD is programmed during the production of the PLT board via the
CPLD socket (J19). The users do not work with the CPLD socket.

The black banana sockets are all connected to the same ground (GND) plane.

USB/UART ~ 4xFTDI VBAT  VDDIO 5v USB/UART

for DUTs USB/UART for GU

GU JTAG

Tt ' 1 R
9 £ CPLD prog. 2 —
| socket

VPP
adiust

Antenna or

SMA cable
16x DUTs
Figure 3: Top view of the PLT hardware board
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5.3

PLT power supply

An external power supply is needed for PLT to operate. Figure 4 shows that the external power
supply should be connected to the banana sockets.

Table 2 shows the voltage and current requirements for each power supply. The blue banana

sockets can be used for device current measurements.

i
7
i

X,
A
:
X4
:
Bl
L

CURRENT |

{ CURRENT |

Figure 4: PLT hardware power connections

Table 2: Power supply requirements

Power Supply Voltage (V) Current (mA)
Buck Mode Boost Mode
VBAT (Buck mode) 24..33 16 x 20
VBAT (Boost mode) 1.5...33 16 x 20
VDDIO 24...33 70 70
VDD 5V 475 ...5.25 ~335 ~335
VPP 6.6...6.8 16x2 16x2

5.4

DUT connector

The BLE devices are connected to the PLT using the DUT1-16 connectors at the edge of the PLT
board. Figure 5 shows the pin-header connections from the Production Line Tool hardware board to

the DUTSs. Table 3 describes the purpose of each pin.

DuT
) wBAT
Production Line Tool
vt [@ © J;Ii:-:alihratiun
novesed | () (3} | novusa -""__E:I e
mised |(3) () | GND —
= puTTx | (D)
*=—_ DUTRX | (@) @] RsT £} RsT
g 166 mi
— ——) DUTRX
— =) DUTTX

Figure 5: Production Line Tool DUT connections
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Table 3: PLT connections to applications

Header | Name Description
pin

Depending on the VBAT/Reset Signals Operation (Section 6.9) mode this can be
used as Voltage supply for the DUT or as Reset signal. Due to this connection,

1 VBAT no external power supply is needed for the DUTs. This pin must be connected if
there is no other power supply (for example, battery).
This pin can be used as a reference pulse during the automatic crystal
XTAL calibration. For more details see Section 7.2.6.5 for DA1453x devices and
2 Calibration Section 7.2.10.3 for DA1469x devices. The crystal trim pulse can also be
Pulse supplied in the UART RX device pin. This is the most common scenario.
However, there may be hardware limitations where the UART RX pin cannot be
used. In such cases, this particular PLT header pin is used.
6 GND Ground pin. This pin must be connected.
7 DUT TX This pin is connected to the device UART TX pin. This pin must be connected.

This pin provides the 6.8 V required to program the OTP in the DA14580/1/2/3
8 VPP devices.

Note: This option is not available with the ‘VBAT as Reset’ mode.

This is connected to the device UART RX pin and can also provide the crystal
calibration reference pulse for the automatic crystal (XTAL) trim procedure, as
described in Section 7.2.6.5 for DA1453x devices and in Section 7.2.10.3 for
DA1469x devices. This pin must be connected.

9 DUT RX

The reset signal must be connected if battery powered devices are used.

10 RST A power cycle of VBAT will produce a Power on Reset (POR), so a RESET is
given to the DUT. In that case the RST-wire is not needed.
In summary, when no battery is used, the POR will RESET the DUT.

5.5 DA1453x single wire UART connections

DA1453x supports single wire UART. For this purpose, DA1453x GPIO P05 or P03 can be used.
Figure 6 shows the UART pin connections to PLT. The 100 Ohm resistor in the device is optional.
The PLT hardware does not need any modifications. The only requirement is to short circuit the PLT
DUT RX and DUT TX pins as close to PLT as possible. The resistors shown in the PLT block already
exist.

CPLD

100

P05

DUT DA14531

Figure 6: DA1453x single wire UART connections (P03 or P05)
User Manual Revision 1.0 Oct 9, 2023
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NOTE

The 100 Ohm resistor in the device is optional.

5.6 Data Streaming

Figure 7, Figure 8 and Figure 9 show the three possible data streams through the CPLD. The CPLD
switches S1, S2, S3, and S4 are controlled by the software via the Golden Unit.

Normal operation (Figure 7):

UART-RxD data is transported via the RED arrows (AA):
PC - USB - USB HUB - Quad UART - CPLD signal ‘AA’ > DUT RxD (programmed as RxD).

UART-TxD data is transported via the BLUE arrows (BB):
PC €« USB < USB HUB € Quad UART <« CPLD signal ‘BB’ € DUT TxD.

16 * DUT Interface Switches + Connection Ports

r I

| DUT Connection Port I

I |

16 * Virtual COM-PORT | -2|Pulse I

1 I | }

— 2 | 4 I
PCUSB | ) ad 115 1l : ,’C; 5 Vpp:}
UsB N E' ;.‘ Gggnd |
HUB B = Il
pund Og } |

<—<—ﬂ"’ Vep | [

I A 10 ; 1

I 5 ! 1 o

= ‘ R ! I

[ L eset | I

L= L~ r ””””””””””””” ! |

L =

1 * Virtual COM-PORT I e L R L 1
8 — Tg >—|
Golden t(0...3) |

PCUSB | p(O/1) !

Unit

Figure 7. CPLD UART data streams

Crystal trimming (Figure 8):

The XTAL calibration pulse (500 ms) is transported via the PURPLE arrows (CC):
CPLD TIMER Tg > CPLD S4 - DUT RxD (programmed as GPIO).

UART-TxD data is transported via the BLUE arrows (BB):
PC €« USB < USB HUB € Quad UART €« CPLD signal ‘BB’ € DUT TxD.
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16 * Virtual COM-PORT

]

PCUSB |

Quad || [[®
UsB
HUB

1 * Virtual COM-PORT

16 * DUT Interface Switches + Connection Ports

X1-14VN

5

Xy-14vN

r—-
|
|

PCUSB | Golden

Unit

Pulse

c6|end

%, Te
1(0...3)

p(0/1)

r(xx)

Figure 8: CPLD XTAL trim pulse data stream

Loopback operation (Figure 9):

Loopback operation is used during the start of the tests. The PC PLT software uses this feature to
automatically find the numbers of the Virtual COM ports in the Windows PC.

The UART loopback data is transported via the GREEN arrows (DD):
PC - USB - USB HUB - Quad UART - CPLD signal ‘DD’ SW1 - Quad UART - USB HUB >

USB - PC.

16 * DUT Interface Switches + Connection Ports

:_ DUT Connection Port : %
I -4 I
16 * Virtual COM-PORT I VDD'OTVbat—l_/ Vbat [1 " Jlpuise 5
5| : ! CPLD 0] [ | 3. 4 ]
PC USB Quad z —‘ | ;)C; , 0 , vx} | o o Vpp| i
usB I s4 — | 50 cgend 5
HUB ! 1 | put 7 8 L
L ¢ | DUT- ! i
) ! R IRE RS
| Lo S| 1
! | o
; L Reset 3 | i
il AN [ 3 e Ey M I
1 * Virtual COM-PORT T = N I
pcusp | Golden -3) ) I !
Unit
r— Tr >
r(xx)
Figure 9: CPLD UART loopback data stream
NOTE
The CPLD is also used to switch the UART signals between the QUAD FTDIs and the DUTs. When the
VBAT is switched off and the UART wires are not disconnected, a ‘rest voltage’ may be present on the
product. This could cause problems with the power-on reset (POR) and the product might not boot correctly.
The CPLD will switch off the UART signals when the VBAT is not present.
User Manual Revision 1.0 Oct 9, 2023
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5.7 Golden unit

Figure 10: Golden unit

The Golden unit (GU) is a 'daughter’ board mainly used in the Expert Development Kit see Ref. [2]. In
the PLT, the GU is used for various purposes:

RF Transmitter for the RF RSSI DUT test.

RF Receiver for the device BLE advertisement scan test.
Audio tone generator for the audio test.

Controlling the CPLD.

Connection to the PC.

The GU uses an SPI Flash memory mounted on the PLT board. SPI Flash is pre-programmed with a
specific production test firmware. If required, there are several ways to upgrade the GU firmware,
either via the PLT’s GU JTAG connector, via the UART or using a new GUI application executable
(GU_fw upgrade.exe) as explained in Section 7.5. The latest GU firmware can be found inside the
latest PLT software release, under the executables\binaries\GU folder.

NOTE

PLT v4.3 and newer versions require the latest firmware version of the Golden unit. If the Golden unit
firmware is not updated, then the PLT applications will not run.

The Golden unit is calibrated during PLT production and is delivered with a calibration characterization
document.

57.1 GU reset

The Golden unit includes a hardware reset circuit. The GU reset signal is connected to an FTDI
FT232 GPIO pin.

Figure 11 shows the electrical schematics of the GU reset circuit. Section 5.9.2 shows the jumper
positions on the PLT PCB.

The red line is the connection between the FTDI IC GPIO pin (DTR) and the GU reset signal on the
PLT GU connector header. The PLT software controls this pin via the FTDI DLL driver ftd2xx.d1l.
Making pin DTR low for a short period of time will reset the GU. Every time the PLT tests start, a
hardware reset is issued to the Golden unit. Jumper J47 should be ON and J46 OFF for this reset
method to operate.
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Figure 11: GU reset circuit

5.8 Current measurements

The PLT board provides connections to perform DUT current measurements (see Figure 12). By
connecting a current meter to the blue banana sockets, the combined VBAT current of all DUTs can
be measured. Jumper J26 should be removed when a current meter is connected. If no current meter
is used, jumper J26 should be mounted. See also Section 5.9.

Figure 12 shows the connection that can only be used with the VBAT Only (see Section 6.9.1) and
VBAT On with Reset (see Section 6.9.1.2) (when the VBAT lines are used to power the DUTS)
modes. If the DUTs are powered using a single external power supply, then the multi-meter should
be connected on that power supply in a similar way as described before with the PLT. If the DUTs
are powered independently (for example, each one with its own battery) the current measurement
procedure cannot be used.

|

'_
Z
Ll
o
o
=)
(©)

S .-
R )

=f CURRENT

_J .8

oo

¥

i

Figure 12: VBAT DUT current measurement setup

5.9 Jumper settings

This section describes the PLT hardware jumper settings.
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Table 4: Jumpers

Jumper | PLT HW Description
version
Connects the VBAT line from the PLT power supply to the DUTs. This jumper can be
J26 A /B, C D . . .
used when there is no multi-meter instrument connected for current measurement.
137 B C D This jumper sets the Golden unit's SPI Flash chip select (CS) pin to HIGH. This
T jumper is needed placed when the Golden unit should NOT boot from the SPI flash.
342 B C D Feeds the VPP lines of the DUT connectors with VPP voltage used for OTP burning
T in DA14580/1/2/3 DUTs.
146 cD This jumper can be used to reset the Golden unit. The two pins on the jumper are the
’ same as the ones in the GU reset switch next to the jumper.
347 D This jumper connects the Golden unit's FTDI DTR line to the Golden unit's reset pin.
With this jumper on the PLT, software can reset the Golden unit on-demand.

59.1 J26 — current measurements

Figure 13 shows that jumper J26 should be mounted when no external current meter is attached.
Otherwise, when a current meter is connected via the blue banana sockets to measure the device
current, the J26 jumper should be removed.

'_
Z
Ll
o
o
=)
(©)

“ - CURRENT

J26

Figure 13: Connections for ‘floating current’ measurements

59.2 J47, J46 - GU reset

For a GU hardware reset, jumper J47 should be mounted and jumper J46 should be removed. Figure
11 shows how these two jumpers are involved in the circuit. In this way, the PLT software will control
the GU hardware reset. Figure 14 shows the jumper placement on the actual PCB.

Figure 14: Location of J46 jumper
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Figure 15: Location of J47 Jumper

5.9.3 J37 - GU programming

Jumper J37 connects the Chip Select of the GU SPI Flash to a logic high level. This causes the GU
not to boot from the already programmed SPI Flash, allowing the GU to load different code into its
System-RAM via the JTAG connector or via UART. Figure 16 shows the circuit schematic and Figure
17 shows the location of jumper J37 on the PLT PCB.

Memory
VEATIV

")
l_ 145 us ;
W2SXQ0CL
IW ‘ I
7

Q
] SA C

ROD 5 as 2 = —— c?‘ oS
3 0O 2 —rrrer GU PO S

wr g o . GU_PD_6
Figure 16: J37 - GU programming jumper schematics

Figure 17: Location of J37 jumper
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5.10 PLT functional blocks

Figure 18 shows an overview of the PLT hardware functions. For detailed electrical schematics, see
Appendix B.

Rst
Vpp 500mSec
Vbat i pulse
USB - HUB USB-UART |ug—p CPLD |
- -
> -
-
USB-UART |eg—p»
<« >
> <«
-
PC A—p
USB-UART |eg—p»
-
> bl
-
USB-UART |eg—p»
-
o -
» -
12MHz
>
Xtal =
USB UART Golden Unit
pPCt——"—"—""""" P Bl >
o 6.7V Power i
Vpp |
i T’ T’ i
‘ 3v3 i
; 1v8 V2 1
‘ >
! !
Vbat —>] > Vbat DUTs |
! !
VDDIO > —> VDDIO CPLD i
i i
‘ ‘
Figure 18: PLT functional blocks
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6 Software

6.1 Introduction

Current measurements support

ammeter_dal F

468x dk.dll
ammeter_scp cur_meas_
i.dll driver.dll
ni6009.dll

ni_usb_tc01.d
Il

Temp_meas

tmu_temp.dll driver.dil

Ambient temperature measure

CFG, GUI, CLI, or
GU upgrade

production_line_tool.dll

u_diL.di

BLE tester instrument
support

ble_tester_driver.d
I

DA1453x & DA1469x FWs
(uartboot.bin, prod_test.bin)
flash_programmer.bin,
nlt fw hin)

Figure 19: Production Line Tool software block diagram
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Figure 19 that the Production Line Tool software is a collection of software blocks that interact with
each other. The main purpose of this software is to communicate with the PLT hardware and the
DUTSs to be able to run the production tests and perform memory operations. The software blocks
can be arranged in four main groups:

Red blocks: User Interface (Ul) applications.

Blue blocks: Core libraries.

Green blocks: Instrument interface libraries.

e Purple blocks: User defined extensions.

Core libraries, instrument interface libraries and user-defined extension APIs can be found in the
HTML help inside the source PLT directory. The User Interface applications block consists of four
application executables. For details on applications, see Section 7.

Table 5: PLT user interface application executables

Short name File name Description

Configuration application. Load, edit and save the test
parameters and the memory actions to be performed during
device testing.

SmartBond_CFG_PLT.ex

CFG PLT e

Graphical User Interface (GUI) application. Performs the actual
GUI PLT SmartBond_GUI_PLT.exe | device validation and memory programming. Provides a visual
indication of the test results and access to the result logs.

CLI PLT SmartBond_CLI_PLT.exe | The same as the GUI PLT but console based.

Graphical User Interface (GUI) application, which is used to
easily upgrade the firmware of the Golden Unit.

GU Upgrade GU_fw_upgrade.exe

6.2 Software package contents

The PLT software release package comes in a compressed folder SmartBond PLT v X.X.zip, where
'X' represents the version number of the current PLT release.

Figure 20 shows the main folders of the PLT software package. Folder executables holds all the
executables and libraries needed for the PLT to run on a Windows 7/8/8.1/10 machine. Folder
source contains the entire source code of the PLT, organized in a Visual Studio Solution (.sIn).

SmartBond_PLT v 46 »

Fay

Mame

executables
source

=] licensing.bt
Figure 20: SmartBond PLT software package contents
Table 6 gives a short description of the files and folders contained in the executables directories.

Table 6: Executables folder description

File or Folder Description

Contains the current measurement instrument DLLs,

anmeter instr plugins/ .
- -phg used during the current measurement tests.
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File or Folder

Description

ammeter instr plugins/ni6009.d11l

This is the DLL for the NI-6009 DAQ see Ref. [13] that
could be used in the current measurements. The usage
of this instrument for measuring the current requires an
external shunt resistor and things complicate when the
measurement switches from many DUTSs to one DUT.
We only recommend using this instrument if one DUT
per run is tested.

ammeter instr