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Abstract

The DA1458x Bluetooth Smart device in a WLCSP package shows sensitivity to direct sunlight and
light from halogen lamps. Fluorescent tubes and UV lamps do not affect the chip’s operation. Infrared
lamps have the same effect on the DA1458x WLCSP device as halogen lamps. Various methods for
blocking light are discussed: coatings, molding compounds and light blocking tapes.

This is applicable to the following devices in WLCSP: DA14580, DA14581, DA14585.




dial
AN-B-021 d sm!ﬂuugg

DA1458x WLCSP package light sensitivity

Contents
Y o 1= 4 = Lo TP PPRURP 1
GO NS e 2
L Lo LU = PRSP 2
1 Terms and defiNIIONS .. it e e s st e e e e st e e e s nbae e e e neeas 3
P22 |01 o Yo LU T 4 oY o FS PSR PRR 3
3 DAL1458X WLCSP light SENSITIVITY couviiieiiiiiie sttt e e 4
3.1 Observations when light enters the BLE WLCSP dEVICE ........cocvieeiiiiiiieeiiiieeeiiiiee e siieee e 4
3.2 Measures to block the ight ........c..oooiiiiiii e 4
3.21 GIOD TOP COMPOUNGS ...ttt e e anneee s 4
322 Dam and Fill COMPOUNG.........coooiiiiiiiiiiiie et e e sraee e anes 5
3.23 Light BIOCKING tAPES .....eeeieeiiiieee ittt e e e e 6
4 Testing for SENSItIVILY 1O HHGNT ..ooeeriieeeeeeeeeeeeee et e e e aeeeaeeesesaeesesseesenenes 7
o O I Vg ] I (=TS £ 7
4.2 Determining the sensitive Wavelength ..............oooiiiiii e 8
LI 0 o [od 10 E=3 Lo 2 - PSR SS 9
Appendix A Used compounds and USed [amPs ....cocuuiiiiiiiiiiiiiii et 10
Al Glob Top, ePOXY re€SiN DASEM ......coiiiiiiiiiiiee e 10
A.2 Glob Top, polyurethane based................c 10
A.3  Dam and Fill MAterialS ..........ooiiiiiiiiiiiiiiie e e e e e e s s s re e e e e e s e nnnes 10
y N I T | o1 A o] (oYt T T I 7= 1= PP PERPT 10
A5 Used halogen T8 ...t a e e e 10
F N S LS T o= 1 =T I =T oo PRSP 10
Appendix B Irradiance plots of the used [amMPS ........uueui 11
REVISION NS OTY L. s 12
Figures
Figure 1: A failing DA1458x board with a low viscosity epoxy type GIob TOpP ......coccvveiviiiiiiiieeene, 4
Figure 2: A passing DA1458x board with a high viscosity PUR type GIob TOp ......cccccevviiiiiiiiiieeeee, 5
Figure 3: DA1458x board with Dam and Fill COMPOUNG...........ueiiiiiiiiiiii e 5
Figure 4: DA1458x board with light blocking black tape ..o, 6
Figure 5: Halogen lamp test setup (10 cm above DAL1458X board) ........ccccevviieeiiiiiie i, 7
Figure 6: Dark red light falling on the WLCSP .......o.uiiiii e 8
Figure 7: The light SPECIIUM ........e s 8
Figure 8: Irradiance plot of a tungsten-halogen lamp and solar light spectrum ............ccccoeeeiiiiiiiennnn. 11
Figure 9: Irradiance plot of the used IR RI5E 100 W lamMpP ... ..o 11
Application note Revision 1.2 22-Feb-2017

CFR0014 Rev 2 20f13 © 2018 Dialog Semiconductor



dial
AN-B-021 d sw!ﬂucrgg

DA1458x WLCSP package light sensitivity

1 Terms and definitions

BLE Bluetooth Low Energy (now: Bluetooth Smart)
DTM Direct Test Mode

IR Infra-Red

uv Ultra-Violet

WLCSP Wafer Level Chip Scale Package

2 Introduction

The DA1458x Bluetooth Smart device in a WLCSP package shows sensitivity to direct sunlight and
light from halogen lamps. Fluorescent tubes and UV lamps do not affect the chip’s operation. Infrared
lamps have the same effect on the DA1458x WLCSP device as halogen lamps. Various methods for
blocking light are discussed: coatings, molding compounds and light blocking tapes.

This is applicable to the following devices in WLCSP: DA14580, DA14581, DA14585.
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3 DA1458x WLCSP light sensitivity

3.1 Observations when light enters the BLE WLCSP device

During BLE operation the DA1458x in a WLCSP package may stop operating when exposed to direct
sunlight. This effect can be reproduced by holding a 42 W halogen lamp at a distance of
approximately 40 cm: the BLE WLCSP device stops advertising immediately.

During BLE RF testing with the DA1458x WLCSP device in Direct Test Mode, or Non-Link Test
Mode, it was impossible to stop the DA1458x WLCSP device by exposing it to light from the halogen
lamp, even when it was held very close to the device.

3.2 Measures to block the light

Several materials and methods were tested in order to block light from the DA1458x BLE device.
Some good and bad examples will be described.

3.21 Glob Top compounds

It was shown that a low viscosity epoxy Glob Top type resulted in a (too) thin layer over the chip,
causing some devices to fail the halogen lamp light and direct sunlight tests. For blocking light the
use of this low viscosity type is not recommended.

A high viscosity polyurethane type of Glob Top performed better, but in our test still did not show a
100 % working solution for blocking light. However, when applied under well controlled conditions as
to the amount of Glob Top and the area, high viscosity polyurethane Glob Top will be a good choice.

At least a 1 mm thick layer of this epoxy compound should be applied, taking care that the top and
the sides of the DA1458x WLCSP device are well and equally covered, and that the directly
surrounding area on the board is covered with a 1 mm thick layer of Glob Top.

- i
Figure 1: A failing DA1458x board with a low viscosity epoxy type Glob Top
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Figure 2: A passing DA1458x board with a high viscosity PUR type Glob Top

3.2.2 Dam and Fill compound

A test was executed on >200 boards using resin-based Dam and Fill material. All these boards
passed the halogen lamp test and the 10 boards that were subjected to the outdoor direct sunlight,
passed this test as well.

Figure 3: DA1458x board with Dam and Fill compound

The Glob Top and Dam and Fill compounds that were used, are listed in Appendix A.
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3.23 Light blocking tapes

Several types of self-adhesive tape have been tested on their light blocking properties. Two types of
tape were found to be equally effective as the Glob Top or Dam and Fill compounds:

e Tesa 7160: 60 um single sided self-adhesive solid black filmic tape
e 3M471: 130 um self-adhesive black vinyl tape

Both tapes have good adhesive strength. When cut into 10 mm by 10 mm squares, they adequately
cover the DA1458x WLCSP and protect the WLCSP device well against light.

Two boards were tested in outdoor direct sunlight as well and continued to operate without problems.

Figure 4: DA1458x board with light blocking black tape

More details on these tapes can be found in Appendix A.
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4  Testing for sensitivity to light

41 Lamp tests

The halogen lamp test appears to be a good discriminator for checking light sensitivity. The boards
that pass this halogen lamp test also pass the direct sunlight test and vice versa: the boards that fail
this halogen test also fail the direct sunlight test.

Uncovered DA1458x WLCSP devices also fail directly under light coming from an infrared lamp. Well
treated Glob-Top and Dam and Fill boards pass the IR light test.

Testing with an UV lamp did not reveal any sensitivity of the WLCSP device to this short-wavelength
type of light.

Figure 5: Halogen lamp test setup (10 cm above DA1458x board)

Please see Appendix B for irradiance graphs of the tungsten lamp, halogen lamp and the IR lamp.
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4.2 Determining the sensitive wavelength

Using a 100 W xenon lamp and a prism to split the incoming white light into a wide spectrum, it was
found that the most sensitive wavelength of the DA1458x WLCSP device is between 675 nm and
750 nm. This represents just visible, near infra-red light. See the light spectrum in Figure 7.

R 5 A —

slit for selecting a part of the spectrum

S g Gt aey

R light falling on the WLCSP edge

Figure 6: Dark red light falling on the WLCSP

It appeared that the sides of the WLCSP device are the most sensitive parts to light.

uv Visible Near IR

200/ 400 600 800 nm

Visible light spectrum

Figure 7: The light spectrum
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5 Conclusions

The DA1458x BLE WLCSP device is sensitive to sunlight, halogen-lamp light and infrared light.
The dark red, near infrared part of the light spectrum is the wavelength to which the DA1458x
WLCSP device is most sensitive.

The DA1458x WLCSP BLE device needs to be protected against light using a coating, a mold
compound or a light blocking tape. Also.take care that the sides of the WLCSP are well covered.
Discuss with your manufacturer which products are available and specifically check for red/IR light
absorption.

The proposed process flow is to build a test batch and test the light sensitivity of the application with
a halogen lamp before going into production. When required, apply a coating or a mold compound,
being a high viscosity Glob Top or a Dam and Fill compound. Alternatively, use a light blocking tape.
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Appendix A Used compounds and used lamps

A.1 Glob Top, epoxy resin based
Poly-Service: Poly-Pox THV Base 500 and Harder 355 in a ratio of 2:1

Cure time: 24 h
Cure temperature: 30 °C

This low viscosity Glob Top is not recommended for blocking light.

A.2 Glob Top, polyurethane based
Purtech: Poly-Urethane EH-E83 and EH-B in a ratio of 4:1

Cure time: 24 h at room temperature, 1 h at 50 °C.
Cure temperature: 50 °C

This high viscosity Glob Top performed better than the epoxy based Glob Top, and when applied
under well controlled conditions this type is suitable for blocking light.

A.3 Dam and Fill materials

Dam: Protavic PNE 30252 (resin with high viscosity)
Fill:  Protavic PNE 30270 (lower viscosity resin)

Curetime: 1 h
Cure temperature: 120 °C

The Dam and Fill materials can be co-cured.

This Dam and Fill solution gave the best results in our tests with halogen lamp light and direct
sunlight. It resulted in a 100 % pass for the halogen lamp light test.

A.4 Light blocking tapes

Tesa: tape 7160. Suitable for operating temperatures up to 100 °C. Thickness: 60 um.
http://www.tesa.com/industry/electronics/assortment_overview/functional_tapes/light_shading_blocki
ng/download/5172260/4638842/master-pi.pdf

3M: tape 471. Suitable for operating temperatures up to 76 °C. Thickness: 130 um.
http://solutions.3m.com/wps/portal/3M/en_US/Adhesives/Tapes/Products/~/3M-Vinyl-Tape-
471?N=5000130+3294229416+3294328902&rt=rud

A.5 Used halogen lamp

A 42 W halogen lamp (equivalent to a standard tungsten bulb of 55 W) having 630 Im and a
colour temperature of 2800 K. Example: Philips EcoClassic WarmWhite 42 W (E27 ES).

A.6 Used infrared lamp

A Philips Infrared R95E 100 W lamp, which has its light irradiance peak at a wavelength of 1100 nm
to 1200 nm. See Figure 6 in Appendix B.
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Appendix B Irradiance plots of the used lamps

The tungsten-halogen lamp with a colour temperature of 3200 K appears to have its peak at about

800 nm, so mainly reddish and infrare

d light. The sunlight spectrum peaks at about 500 nm.
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The IR R95E infrared lamp peaks at about 1100 nm to 1200 nm, which is deep infrared.
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Figure 9: Irradiance plot of the used IR R95E 100 W lamp
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Revision history

Revision Date Description

1.0 04-Jun-2014 Initial version.

11 06-May-2015 Updated section 3.2, adding light blocking tapes.

1.2 22-Feb-2017 Generalising the document for DA1458x

1.3 6-Feb-2018 Corrected the title the file name to DA1458x and clarified the applicable

devices
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Status Definition

DRAFT The content of this document is under review and subject to formal approval, which may result in
modifications or additions.

APPROVED The content of this document has been approved for publication.
or unmarked

Disclaimer

Information in this document is believed to be accurate and reliable. However, Dialog Semiconductor does not give any
representations or warranties, expressed or implied, as to the accuracy or completeness of such information. Dialog
Semiconductor furthermore takes no responsibility whatsoever for the content in this document if provided by any information
source outside of Dialog Semiconductor.

Dialog Semiconductor reserves the right to change without notice the information published in this document, including without
limitation the specification and the design of the related semiconductor products, software and applications.

Applications, software, and semiconductor products described in this document are for illustrative purposes only. Dialog
Semiconductor makes no representation or warranty that such applications, software and semiconductor products will be
suitable for the specified use without further testing or modification. Unless otherwise agreed in writing, such testing or
modification is the sole responsibility of the customer and Dialog Semiconductor excludes all liability in this respect.

Customer notes that nothing in this document may be construed as a license for customer to use the Dialog Semiconductor
products, software and applications referred to in this document. Such license must be separately sought by customer with
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All use of Dialog Semiconductor products, software and applications referred to in this document are subject to Dialog
Semiconductor’'s Standard Terms and Conditions of Sale, unless otherwise stated.
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RoHS Compliance
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