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Test Report

conditions:

1. Test title: Burning plate short circuit analysis
2.Sample
acceptance 2022-03-01 3. Test date Start: 2022-03-02  End: 2022-03-08
date:
4. Sample PCBA 1PCS
information:
5. Sample ,
Customer’s Samples
source:
Use of
NO. Test Items Test Method ) Remarks
Equipment
. SN-10H
1 Surface observation / LV100D-U /
XD7500VR
2 X-Ray / Phoenix /
xlaminer
6. Test Thermal imaging
requirements: 3 observation GB/T 28706-2012 T530 /
4 Resistance measurement / 289C /
6 Microsectioning IPC-TM-650 2.1.1 L-5020 /
7 Sectional Morphology JY/T010-1996 | JSM-6010LA /
Observation
g | Anaysisofelementsin | p.r 23005012 | JSM-6010LA /
section
7.Envi t ~ o - ~
nvironmen Temperature: 17 25 C Humidity: 40 70  %RH

8. Test results:

8.1. Observe the burned positions of the TOP surface and BOTTOM surface of the
sample. The burned areas on the top surface have blackened to varying
degrees and have no obvious characteristics; There is obvious blackening
between the associated networks on the BOTTOM surface (near the via
position of network A).

8.2, X-ray observation was conducted on the sample burn loss position, and no
obvious abnormal phenomenon was found between A/B network. See P8,

8.3. Thermal infared imaging observation was carried out on the burned position,
With 0.3A current applied to A/B network, the thermal infared imaging
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viewer found the heated short point between the networks. See P9.

8.4. According to the thermal imaging picture of the top surface of the burning
position, it is found that the hot spot is located in the via area of network A,
indicating that the short point is located in the via area of network A. See
P10.

8.5. according to the thermal imaging picture of the bottom surface of the burning
position, it is found that the hot spot is located in the via area of network A,
indicating that the short-circuit point is located in the via area of network
A.See P11.

8.6+ Compared with the actual picture of PCB layers, combined with the
appearance characteristics of burn loss, thermal imaging observation results
and PCB graphic structure, it is speculated that the short-circuit point of A/B
network is located between the hole position of A network and the inner
layer position of B network.See P12.

8.7+ The surface observation of the sample TOP surface and BOTTOM surface after
removing the solder ink was carried out, and it was found that the substrate
between network A-and network B was blackened, and the copper in the
outer layer was relatively intact, and no copper melting was found.See P13.

8.8. The resistance value before and after the solder mask ink was measured at the
burned position of the sample. The resistance value before removing the
solder mask ink was 3.71Q, and the resistance value after removing the
solder mask ink was 0.61Q), indicating that the short circuit point still exists
after removing the solder mask ink.See P14.

8.9. Thermal imaging observation was carried out on the sample burning position
after the removal of solder blocking ink, and 0.9A current was applied to
A/B network to make the short-circuit point between networks heat up, and
thermal imager was used to observe; On the next page.See P15.

8.10. Thermal imaging observation after the removal of solder blocking ink on the
TOP surface of the burned position showed that the hot spot was still
located in the hole area of NETWORK A, indicating that the short circuit
point was located in the hole area of network A.See P16.

8.11. Thermal imaging observation after the removal of solder blocking ink on the
BOTTOM surface of the burned position showed that the hot spot was still
located in the hole area of NETWORK A, indicating that the short circuit
point was located in the hole area of network A.See P17.

8.12. Measure the resistance value of the burned position of the sample after plane
grinding, and the measured resistance value is 6.46 Q. After grinding off the
L1 layer, the short-circuit point still exists.See P18.

8.13. After the thermal imaging observation of the BOT surface of the burned-out
position of the sample was carried out, it was found that the hot spot was
still located in the via area of the A network. After grinding off L1 laye , the
short circuit in the via area of the A network still existed. See P19.

8.14. X-Ray observation of the burnt-out position of the sample after plane
grinding, and it is found that there are suspected that there were suspected
metal debris in the of L2 dielectric layer..See 20.

8.15. Surface observation after plane grinding was carried out on the burned-out

position, and it was found that there was residual copper phenomenon at
position 1, position 2, and position 4 of the base material between the A
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network and the B network.See P21.

8.16. SEM observation was made on the surface of the burnt loss position after
plane grinding, and it was found that there was copper residue in the base
material position between NETWORK A and network B.See P22.

8.17. Observe the burned position after plane grinding. The outline of the burned
position is similar to that of the inner copper.SeeP23.

8.18. measure the resistance value of the burned position of the sample after plane
grinding. After grinding off the L4 layer, the short-circuit point still exists,
and the measured resistance value is 28.75 Q.See P24,

8.19. After plane grinding of the sample burning position, the resistance value
between position 1 ~ position 12 and network B was measured respectively.
The resistance value of position 3 was the lowest, 187.19 w. After grinding
off L3 layer, the short circuit point still existed, and L1/L4 layers were all
ground off, indicating that the short circuit point was located in L2 layer, and
position 4 had the most serious burning loss.See P25.

8.20. the metallographic observation of the section after removing the solder resist
ink at the burned position shows that the substrate at the core plate
position is carbonized, and there is copper melting at the carbonized
position of the core plate substrate. Continue on the next page.See P26.

8.21. the metallographic observation of the section after removing the solder resist
ink at the burned position shows that there are cracks and residual copper
on the core plate, and there is copper melting at the carbonized position of
the core plate substrate.See P27.

8.22. SEM observation of the section after removing the solder resist ink at the
burned position shows that the substrate at the core plate position is
carbonized, and there is copper melting at the carbonized position of the
core plate substrate. Continue on the next page.See P28.

8.23. SEM observation of the section after removing the solder resist ink at the
burned position shows that the core plate has penetrating cracking and
residual copper.See P29.

8.24. EDS analysis of the section of the burned position after the removal of
welding ink, C, O, Si, Cu, Br elements were detected in the copper melting
position, and C, O, Si, Ca, Br elements were detected in the carbonization
position of the base material.See P30.

8.25. EDS analysis of the section of the burned position after the removal of
welding ink, C, O, Si,Ca,Cu, Br elements were detected in the copper melting
position, and C, O, Si, Ca, N, Cu,Br elements were detected in the
carbonization position of the base material.See P31.

8.26. Description: EDS analysis of the cross-section after removing the solder mask
thick film at the burn-out position, C, N, O, Si, Ca, Cu, Br elements were
detected at the residual copper position, and C, O, Si, Ca were detected at
the carbonization position of the substrate , Br element.See P32.

8.27. 'Inspection after micro sectioning with same pattern of others location,
without found abnormal, space between innerlayer and PTH was 222.033~
233.359um(meet the requirements), roughness is 5.638um and wicking is
69.815um.See P33.
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Based on the analysis, it is speculated that the main reasons for this failure are as
follows:

1. nspection the specimen with X-ray detection and thermal image, combined with
the appearance characteristics of burn area, PCB stack-up and pattern, so we're
speculated that the short area of A/B network is located between the PTH of A
network and the inner layer of B network.

2. After dissolve solder mask, visual inspection the specimen and take resistance
measurement, found out the external copper was intact and without fusion, the
resistance is 3.71Q before dissolve solder mask and 0.61Q after, so we can be
determined that the short failure point still exist. Then applied 0.9A current to A/B
network for heat the short area, thermal image showed the fail point locate PTH of
A network.

3. ake resistance measurement after horizontal grind, the short failure point still
exist even if removal L1/L4/L3, so the failure location at L2. X-ray observation
showed that there were suspected metal debris in the of L2 dielectric layer. After
9. analysis: SEM inspection, found there was residual copper between the A network and B
network.

4. With vertical cross section and SEM inspection, found dielectric layer carbide
after burning and there was fusion copper inside. EDS detected copper element at
dielectric layer.

5. Inspection after micro sectioning with same pattern of others location, without
found abnormal, space between innerlayer and PTH was 222.033 ~
233.359um(meet the requirements), roughness is 5.638um and wicking is
69.815um.

After FA, we're speculated that the cause of this failure is that conductive material
contains copper between the PTH of A network and GND of B network in L2

board issue.

Recommendations:
10. proposal: 1. Confirm the quality of the inner layer pattern after etchin
2.Check the cleanliness of the surface before the PCB laminatio

11. Notes:
Nothing.

12 ) Audi g \g )
me e || Ty e e
March 9, 2022 March 9, 202 March 9, 2022
Statement: !

@. The test report is invalid without the signature of the approver and the special seal of the "Test
Center" report. The test results in this report are only responsible for the tested samples.

@. Without the permission of the testing center, the contents of the report shall not be reproduced
(except full-text reproducing); if necessary, an application shall be submitted to the testing center in

formal written form.
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Overall appearance picture

TOP

Description : Sample appearance picture.
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Surface observation at burning position

Observation picture of burn damage position on TOP surface

......

Burn loss, short circuit
associated network

Description : Observe the burned positions of the TOP surface and BOTTOM surface of the sample.
The burned areas on the top surface have blackened to varying degrees and have no obvious
characteristics; There is obvious blackening between the associated networks on the BOTTOM
surface (near the via position of network A).
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X-ray observation of burn loss position

Vertical observation
- . ":'3" % 4 >art01 OK 5

1000 pmim 2980 KV 40 pA Z07?|

Tilt 30 degrees for observation

Description : X-ray observation was conducted on the sample burn loss position, and no obvious
abnormal phenomenon was found between A/B network.
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Thermal imaging observation

Test process picture
\

LHAOXIN k(¥ DC POWER SUPPLY KXN-3020D

Note: Blank at the bottom of this page.

Description : Thermal imaging observation was carried out on the sample burning loss position, and
0.3A current was applied to A/B network to make the short-circuit point between the networks
heated, and thermal imager was used to observe; On the next page to continue.
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Thermal imaging observation

Thermal image of TOP surface

Corresponding object picture

Description : according to the thermal imaging picture of the top surface of the burning position, it is
found that the hot spot is located in the via area of network A, indicating that the short-circuit point
is located in the via area of network A.
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Thermal imaging observation

Thermal image of Bottom surface

B network

Description : according to the thermal imaging picture of the bottom surface of the burning position,
it is found that the hot spot is located in the via area of network A, indicating that the short-circuit
point is located in the via area of network A.
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Comparison between PCB layer graphics and physical drawings

The TOP layer of graphics L2 layer graphics

A networks
L
[ ]

[ ] [ ]
. B network

-

The BOTTOM layer of graphics

|
\ network
. . . . s e

.l.loocoooll. .. s 0o 0000000 GS
(N =

Tl "o 00

e s e e . Anetwork® * * °

[ B B B
B network

B network

Description : Compared with the actual picture of PCB layers, combined with the appearance
characteristics of burn loss, thermal imaging observation results and PCB graphic structure, it is
speculated that the short-circuit point of A/B network is located between the hole position of A
network and the inner layer position of B network.
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Surface observation after removing solder mask ink at burned position

Observation picture of burn loss position after removing Solder mask on TOP surface

" Burn loss, short circuit
associated network

Observation picture of burn loss position after removing Solder mask on BOTTOM surface

()
o

Description :The surface observation of the sample TOP surface and BOTTOM surface after removing
the solder ink was carried out, and it was found that the substrate between network A and network B
was blackened, and the copper in the outer layer was relatively intact, and no copper melting was

found.
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Comparison of resistance measurement before and after removing solder ink

Resistance test picture before removing solder ink

Pory e

Description : The resistance value before and after the solder mask ink was measured at the burned
position of the sample. The resistance value before removing the solder mask ink was 3.71Q, and the
resistance value after removing the solder mask ink was 0.61Q), indicating that the short circuit point
still exists after removing the solder mask ink.
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Thermal imaging observation after removal of solder blocking ink

Test picture

Note: Blank at the bottom of this page.

Description :Thermal imaging observation was carried out on the sample burning position after the
removal of solder blocking ink, and 0.9A current was applied to A/B network to make the
short-circuit point between networks heat up, and thermal imager was used to observe; On the next

page.
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Thermal imaging observation after removing solder resist ink

Thermal imaging image of burning position after removing solder resist ink on TOP surface

Description :Thermal imaging observation after the removal of solder blocking ink on the TOP surface
of the burned position showed that the hot spot was still located in the hole area of NETWORK A,
indicating that the short circuit point was located in the hole area of network A.
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Thermal imaging observation after removing solder resist ink

Thermal imaging image of burning position after removing solder resist ink on BOTTOM surface

Corresponding obje

ct picture

| A hetwork

Description :Thermal imaging observation after the removal of solder blocking ink on the BOTTOM
surface of the burned position showed that the hot spot was still located in the hole area of
NETWORK A, indicating that the short circuit point was located in the hole area of network A.
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Measurement of resistance value after plane grinding at burn loss position

Picture of resistance test after plane grinding

Note: Blank at the bottom of this page.

Description : Measure the resistance value of the burned position of the sample after plane grinding,
and the measured resistance value is 6.46 Q. After grinding off the L1 layer, the short-circuit point
still exists.
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Thermal imaging observation after plane grinding of burn loss position

Thermal imaging image of BOT surface after plane grinding

Corresponding object picture

A network

B network

Description : After the thermal imaging observation of the BOT surface of the burned-out position of
the sample was carried out, it was found that the hot spot was still located in the via area of the A
network. After grinding off L1 laye, the short circuit in the via area of the A network still existed.
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X-ray observation after plane grinding of burning position

Vertical observation

Tilt 30 degrees observation

Description: X-Ray observation of the burnt-out position of the sample after plane grinding, and it is
found that there are suspected that there were suspected metal debris in the of L2 dielectric layer.
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Surface observation after plane grinding of burn loss position

Observation diagram

Observe picture 2

Description:Surface observation after plane grinding was carried out on the burned-out position, and
it was found that there was residual copper phenomenon at position 1, position 2, and position 4 of
the base material between the A network and the B network.
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Surface morphology observation after plane lapping

Surface morphology observation

magnification

100pum — /o 5 X250 100pm

10pm —

0

Description: SEM observation was made on the surface of the burnt loss position after plane
grinding, and it was found that there was copper residue in the base material position between
NETWORK A and network B. '
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Observation after plane grinding

L2/L3 layer A network via hole area

L3 floor

Description:Observe the burned position after plane grinding. The outline of the burned position is
similar to that of the inner copper.
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Resistance measurement after plane grinding of burning position

Resistance measurement picture

g

Note: Blank at the bottom of this page.

Description:measure the resistance value of the burned position of the sample after plane grinding.
After grinding off the L4 layer, the short-circuit point still exists, and the measured resistance value is
28.75 Q.
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Observation and resistance measurement after plane grinding

test results:

Observation after grinding copper foil of L3 layer

test location Test result
Position 1 8.426KQ0
Position 2 411.05Q
Position 3 187.19Q
Position 4 1.0945KQ
Position 5 61.49KQ
Position 6 29.441MQ
Position 7 67.4MQ
Position 8 0.932KQ
Position 9 4.1661KQ
Position 10 17.892KQ
Position 11 0.504KQ
Position 12 1.8188KQ

4 had the most serious burning loss.

Description:After plane grinding of the sample burning position, the resistance value between
position 1 ~ position 12 and network B was measured respectively. The resistance value of position 3
was the lowest, 187.19 w. After grinding off L3 layer, the short circuit point still existed, and L1/L4
layers were all ground off, indicating that the short circuit point was located in L2 layer, and position
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@ualteo Testing Centre of Guangzhou Qualtec Co.,Ltd Report No.: REP220300400038
Metallographic observation of section after removal of solder blocking ink

Schematic diagram of section observation
TS

[ = v - ; i Al '
magnification magnification
P — . Y 9 P ’ -

¢ X

Description:the metallographic observation of the section after removing the solder resist ink at the
burned position shows that the substrate at the core plate position is carbonized, and there is copper
melting at the carbonized position of the core plate substrate. Continue on the next page.
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Metallographic observation of section after removal of solder blocking ink

nking"

Schematic diagram of section observation
=

magnification magnification

Description:the metallographic observation of the section after removing the solder resist ink at the
burned position shows that there are cracks and residual copper on the core plate, and there is
copper melting at the carbonized position of the core plate substrate.
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Observation of cross-sectional morphology after removing solder mask ink

Schematic diagram of section observation

BEC 15kV WD10mm £540 03 S00pm —
JEOL

magnification magnification

@
BEC 15kV WD10mm 5540 x330 50pm
JEOL 0

Description:SEM observation of the section after removing the solder resist ink at the burned
position shows that the substrate at the core plate position is carbonized, and there is copper
melting at the carbonized position of the core plate substrate. Continue on the next page.
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Observation of cross-sectional morphology after removing solder mask ink

SEM observation of section

BEC 15kV WD10mm 5540
JEOL

U TR

200 oo e re e

e

poe FOx

©000%0a a2 9"
0o Soum
0

10pm  —

0

Description:SEM observation of the section after removing the solder resist ink at the burned
position shows that the core plate has penetrating cracking and residual copper.
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Elemental composition analysis of cross section after removal of solder

blocking ink

Section element composition analysis

= L& mass% Atom%
i C 17.93 | 39.37
§ 0 23.19 | 38.23
; 1 I | 5 I Si 1.84 1. 73
05| i ' Cu 21.65 8.99
e e o e Br 35. 39 11. 68
Total 100. 00 | 100. 00
002 (Copper melting position) TE nassh Atom'
0 6. 18 19. 66
a1 Si 512 | 9.28
gned o] Ca 7.24 | 9.21
8 1o o ] Cu 60.34 | 48.38
T Br 21.12 | 13.47
T B i on Total 100. 00 | 100. 00
003 (Base material carbonization) ITE mas s Atom’
= C 46.59 [ 73.27
o 0 8.85 | 10.45
z 13 s Si 11.71 7.88
% g Ca 2.71 1. 28
5 ; = Br 30. 13 7.12
oo, R P u'w 'm Total 100. 00 |100. 00
TLE mass% Atom%
004 (Base material carbonization) C 20.95 | 40.78
0 25.00 [ 36.54
2 Si 12. 04 10. 02
g el Ca 9.29 | 5.42
% o L' Br 19. 23 5.63
thie T Pt 13.51 | 1.62
Total | 100.00 |100.00

Description: EDS analysis of the section of the burned position after the removal of welding ink, C, O,
Si, Cu, Br elements were detected in the copper melting position, and C, O, Si, Ca, Br elements were
detected in the carbonization position of the base material.
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Elemental composition analysis of cross section after removal of solder
blocking ink

Section element composition analysis

.EEEgL 15KV WD10mm Txase ugaum
001 (Copper melting position) JLHE mass% Atom%
C 28.53 | 51.49
" 0 16.99 | 23.02
g (i Si 17.78 | 13.72
5 e i T Ca 1.99 | 1.07
! Cu 18. 35 6. 26
IR Y "R SR e Sp S Br 16.38 | 4.44
Total 100. 00 | 100. 00

T mass% Atom%

002 (Base material carbonization) C 27.39 | 48.20
. 0 21.56 28.48
e Si 15.32 | 11.53
£ 2 Ca 8.87 | 4.68
i — Br 26.87 | 7.11
] — Total | 100.00 [ 100.00
PN mass% Atom%

003 (Base material carbonization) C 21.99 | 38.92
o2 N 3.20 4. 85
o 5 0 23.04 [ 30.62
= Si 22.48 | 17.02
: — Ca 2.34 | 1.24
5 | B | Cu 2.68 | 0.90
Br 24.28 | 6.46

Total 100. 00 ]1100.00

004 (Copper melting position)

sl JLE mass’h Atom%
o C 39.31 | 63.10
3 ot — ' 0 19.87 | 23.94
g e . Ca 3. 20 1.54
= ; 5 Cu 37.62 | 1141
000 200 400 sm0 L2 em em rew Total 100.00 1100.00

Description: EDS analysis of the section of the burned position after the removal of welding ink, C, O,
Si,Ca,Cu, Br elements were detected in the copper melting position, and C, O, Si, Ca, N, Cu,Br
elements were detected in the carbonization position of the base material.
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Elemental composition analysis of cross section after removal of solder

blocking ink
Section element composition analysis
ﬁ ) ¢ o
; ' ) JLE mass% Atom%
Essgrwu\r wO10mm  SS45 T x1,000 10m C 18. 54 45. 37
N 4. 20 8.81
. . 0 5.55 10. 20
001 (copper residue location) S 173 196
il Ca 2.57 | 1.89
e Cu 53.66 | 24.82
§ oot Br 10.74 | 3.95
T - : s Total | 100.00 |100.00
ol iR ! L
- JLE mass% Atom%
_ _ C 19.27 | 52.64
002 (copper residue location) 0 6.53 | 13.40
cono = Si 4. 84 5. 65
e, of Ca 3.61 2.95
—i } J Cu 32. 37 16.71
S oofi . Br 12.55 | 5.15
B Hr—1 Pt 20.84 | 3.50
weo 2ol ooy femi _gmeotomer szed e Total 100. 00 | 100. 00
003 (copper residue location) JLE mas st Atomth
C 22.27 | 45.36
s 0 23.10 | 35.32
= ife Si 5.74 | 5.00
ES i 1 Cu 31.54 | 12.15
g | e Pt 17.35 2. 18
N 11 Total | 100.00 | 100.00
. L mass% Atom%
004 (Substrate location) o IRIREECRT
0 20.31 | 34.10
g = Si 17.06 | 16.31
e i Ca 10.50 | 7.04
9 it T i Br 21.45 7.21
ngﬂ:ﬂ 200 4.00 6.00 8.00 ‘WGOG 12.00 |14OG Pt 15. 86 2. 18
Total 100. 00 | 100. 00
Description: EDS analysis of the cross-section after removing the solder mask thick film at the
burn-out position, C, N, O, Si, Ca, Cu, Br elements were detected at the residual copper position, and
C, O, Si, Ca were detected at the carbonization position of the substrate , Br element.

Qualtec/W1/FM/001 Rev.7(2020-07) Page: 32o0f33



@ualteo Testing Centre of Guangzhou Qualtec Co.,Ltd Report No.: REP220300400038
Metallographic observation of sections at similar positions of failure network
structure

Schematic Metallographic observation of section

o i ¥ i, * *‘J [

magnification magnification

magnification magnification

Description: Inspection after micro sectioning with same pattern of others location, without found
abnormal, space between innerlayer and PTH was 222.033~233.359um(meet the requirements),
roughness is 5.638um and wicking is 69.815um.
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