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Delivery Day Batch Order # LOT # Quantity HDI Serial No. Incremented Quantity Inspection Inspection Result Taiwan Observation

2019/1/23 349670 302382 6
2019/2/6 349670 302725 4
Preproduction
2019/9/11 350963 306716 20
2019/11/20 Exchanged 307469 1
2020/4/2 352075 310184 9
2020/4/2 352075 310185_1 7
Batch-1A
2020/4/2 352075 310185_2 13

2020/4/2 352075 310186 30 Suspicious

2020/6/8 352075 311139
2020/6/8 352075 311587 1
2020/6/17 352075 311587 2
2020/6/17 M 35075 311614
2020/6/24 352075 311615
2020/7/9 352075 312095
2020/7/9 352075 312096_1
2020/7/21 352075 312096_2_1
2020/7/28! Batch-1A Exchanged 312096 _2 2
2020/9/28 353110 312532
2020/9/28 353110 312533
2020/9/29 353110 312534
2020/9/29 353110 312535
2020/9/29 353110 312536
2020/10/27 353110 313304 Smichons
2020/11/27 353110 313673 2
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Module-70 Thruhole

The first HDI inspected thruhole XS
Cracks in the middle
Disabled this and next LOT.




Serial Number b0 Thruhole Inspection

« Report from Yamashita on April 29,
2021.

* 1 thruhole per chip sampling XS inspection
showed all OK.




All OK



L OT#311614)

(

Serial Number 127

All OK



Serial Number 127 (LOT#311615)

Found one bad thruhole
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Serial Number 265 (LOT#313304

All good
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Delivery Day Batch Order # LOT # Quantity HDI Serial No. Incremented Quantity Inspection Inspecion Result Taiwan Observation

2019/1/23 349670 302382 6
2019/2/6 349670 302725 4
Preproduction
2019/9/11 350963 306716 20
2019/11/20 Exchanged 307469 1
2020/4/2 352075 310184 9
2020/4/2 352075 310185_1 7
Batch-1A
2020/4/2 352075 310185_2 13

2020/4/2 352075 310186 30 Suspicious

2020/6/8 352075 311139
2020/6/8 352075 311587_1
2020/6/17 352075 311587_2
2020/6/17 352075 311614
2020/6/24
2020/7/9 352075 312095
2020/7/9 352075 312096_1
2020/7/21 352075 312096_2_1
2020/7/28! Batch-1A Exchanged 312096 _2 2
2020/9/28 353110 312532
2020/9/28 353110 312533
2020/9/29 353110 312534
2020/9/29 353110 312535
2020/9/29 353110 312536
353110 313304 Suspicious
2020/11/27 353110 313673 2




Observation in Taiwan (LOT#310186)

0: pad measurement
NaN : not yet test 1: chip to HDI chip bond, sensor bond, post-encapsulation, post-thermal cycle
G : good 2: sesnor to HDI cali chip, cali sensor, cali encap, cali thermal
G*: good by different set up (in note) G : all good 3 : post-encapsulation
B :bad serial out 1/1b 2/2b : not test 4 : post - thermal cycle Placing error = HDI-sensor, unit : micrometer PCM : the placing error is (Position C:

U20 U16 empty
U15 half entries

B,
U14 empty 1 U10 resetb open and U18, U24 outclkb open, fixed by patches to connect opening lines to chips

U15 is operational if LVDS is set to 255. Medule has been assembled one type A sensor for bonding test.
2 20 5 (only type A)

310186

B,
Module 046 $14629-01, 1270 (d U5 U7 U15 empty

B,
U17 empty, U24 half entries

U17 18 6 empty. U189 half (2021/01/26

shiped to Riken for holes test :- 'L‘i .X:Iﬂ ' [.] l'.?(.x
§14629.01, 1276 B, U2 empty 877160 149871 7A3E56ISES 0 encapcali:chan 0 of U12 slighty noisy with bias =

_ sUBnosyvOempy % 4 +  chpassembly:Ul3gluespread hasboencleaned



Observation in Taiwan (LOT#310189, 313304

0: pad measurement

1 : chip to HDI chip bond, sensor bond, post-encapsulation, post-thermal cycle
2: sesnor to HDI cali chip, cali sensor, cali encap, cali thermal

3
4

NaN : not yet test
G : good

: post-encapsulation
: post - thermal cycle  Placing error = HDI-sensor, unit : micrometer PCM : the placing error is corrected manually (Position Corrected Manually)

g
G*: good by different set up (in note)
B :bad

S LOT#310189 «= Inspection bad

=====NCU====

U1 U2 U4 U6 U8 U9 U11 U14 U17
====NWU===

070
Module 072 $14629-01, 1145  NaN
814029-01.1140 _

G, chip to HDI : U7 & U15 half entries
For U7 and U15 "all" pads are the pad of U7 and U15 have been tested after chip assembly (including serial out)and they are all good
checked -> all good 2 3.295/-9.121 1.043/4.843 -2.13E-4/-1.16E-5 If we test with different conversion cable the half entries chip can be different

m 1.68E-4/-1.17E-4 !

PCM
cali: channel 112 of U18 is a litle bit noisy (with shield)
cali post encapsulation : U13 empty

B,
U3 two-channel noisy, U22 empty,
U10 half entries

tested Dec 4th, U10 has half entries; with new power scheme of ROC, U10 has full entries
2020/12/22 : | tested 245 with LVDS 255, but it didn't help on chip 22

1 U16 had replaced

LOT#313304

B,

chip U16 is empty after the chip
B,
chip U18 is empty. U17 and U20 have very big nois]
U15 has small noise.

Module 251

B,
chip U23 is empty. U5 is nol
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Observation in Taiwan (LOT#313304)

0 : pad measurement
NaN : not yet test 1 : chip to HDI chip bond, sensor bond, post-encapsulation, post-thermal cycle
G : good 2 : sesnor to HDI cali chip, cali sensor, cali encap, cali thermal
G*: good by different set up (in note) G : all good 3 : post-encapsulation
B :bad dalo b 4 : post - thermal cycle Placing error = HDI-sensor, unit : micrometer PCM : the placing error is (Position C:

B
e N I N
| 0 m o )4 chip cali : first and last test are all good, rest tests : U12 empty (in status 1)
B, sensor cali (wiht bias) :chip 1, chan 19 empty.
fodule 262 S14629-01, 1144  chip U12 is bad 4.82-14.74 3.56/2.84 3.38E-4/-1.29E-4 Thermal cali: chip U12 bad
B

3 Encap glue on sensor

chan 126 U3 empty. 125 & 127 noisy (w/ bias) Encap cali : bias voltage current: 10uA (short on typeB, has checked still don't know the reason)
chan 95, 125 of U16 empty. Thermal cali : high bias current : ~13uA.

fodule 264 $14629-01, 1156 96, 117, 124, 126, 127 of U16 noisy (w/ bias) 4 1.24)-7.31 . 5 We manually damage the wire bond of U16 try to fix the high bias porblem. -> 5 ch I di d

Module 265 «= |nspection good
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Discussion

« Although some open thueholes observed in Taiwan, all 26

thruholes inspected in Yamashita showed good quality for
the HDI from the same LOT.

 There are 1500 thruholes per HDIl and 26 sampling
inspection is not sufficient to come across bad thruholes.

What we learned is just the upper limit of the bad thruhole
rate.

« Given the fact large effort to inspect XS of thruholes and
consuming time, we shouldn’t continue this sampling
inspection for a little gain.




Cause of bad thruhole

* Low quality drilling process.

e Residual etching liquid in multiple soft
etching process made the cupper plating
thinner.

« Left over bubble in the thruhole prevented
the cupper plating on the upper part of the
thruhole.

« Often the case the trouble is caused by the

tight aspect ratio (100pum diameter vs.
450um depth.)

Dipping to etching liquid



How to improve?

« Low quality drilling process.
* Review drilling parameters and optimize again.

« Residual etching liquid in multiple soft etching process made the
cupper plating thinner.

« Consider coating surface for easier exhale of etching liquid from a thruhole.

« Left over bubble in the thruhole prevented the cupper plating on the
upper part of the thruhole.

« Likely some bubble is generated by swirl of etching liquid in the plating tank.
Try tlofuse alternative production line which is considered to be relatively rather
swirl free.

» Often the case the trouble is caused by the tight aspect ratio (100pum
diameter vs. 450um depth.)

« There is no way to improve this rather than changing the design. This is not the
intrinsic solution though, try to apply 30~60% thicker copper plating in increase

the survival rate.
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Where we are”

« Yamashita has hypotheses though, they haven’t been able to find
the smoking gun’yet.

* Yamashita continues to inspect Module-70 adjacent thruholes to
see any geological trends.

« However, we decided to move on for replacement fabrication
without waiting for these further investigation.

. Requestin%ﬂheat cycle before their all-channel conductivity check
to reduce the rate to pass their QA. In other word, we’ll let fra%He
cots)per plating break and force them to fail the QA to prevent bad
HDI to be delivered.

 Proposed heat cycle: -45~125°C for 144 cycles (ramp time &
interval 2 minutes, respectively) is under negotiation. Can be
moderate the condition.



Replacement Plan and Schedule

« 100 HDI's to be produced at Yamashita’s cost for now.

 Approximately 20 HDI's per LOT are to be processed and to be
delivered for each LOT.

 Thicker copper plating is to be tested by the end of May. The first LOT
will be delivered to RIKEN by June 28,

« Requesting heat cycle for all HDI's before delivery. Under negotiation.

« We will proceed open line check as Itaru proposed in May 5t Meeting
andlgtrovide feedback to Yamashita to keep improving the fabrication
uality.
ﬂtt S:B;/indico.bnI.§ov/event/11410/Contributions/48374/attachments/
34114/55521/210506_HDIThurholeEvaluation.pdf

 We will throw out all HDIs in the LOT if we find more than 2 open lines.

« Yamashita will_ continue improvement reflecting our feedback and keep
processing LOTs beyond 100 HDIs until we assemble 112 good ladders.
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