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Product Storage Time Reliability Assessment Report
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1. &7 Introduction

This paper details the study results of the quality, reliability, and usability of semiconductor
products after long-term storage in a controlled environment.

IFAN AT AR EWRREI KPFEEFSETRRE. ATEMENABERMRER.

To better understand long-term storage viability, additional data was collected to further
comprehend the time that products can be stored before the reliability can be compromised.
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2. 12K Procedure

10 lots of product from different package types(such as QFN, DFN, WLCSP and contact finishes
NiPdAu, Sn, or SnAgCu solder balls) were evaluated in this study. The age of the products
studied ranged from more than 5 years and up to around 8 years of storage in a controlled
environment (<30°C and <80% RH). The acronym LTS (long term storage) is used to identify this
aged material.
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The product packaging was carefully examined when the samples were received and the
Humidity Indicator Card (HIC) was recorded for each lot at the first time opening of the sealed
Moisture Barrier Bag (MBB). The labels on the bags and boxes were evaluated for legibility and
adhesion. MBB and cover tape were assessed for any deterioration in ESD protection through
Tribocharging testing. A cover tape peel test was performed to ensure there was no adhesion
deterioration for long term storage.
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The products were carefully examined for any evidence of deterioration on the lead or
package body. Solderability, which can be the most significant concern with long term storage,
was performed on all lots to determine if there were any detrimental effects.
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3. ML Risk Assessment

The reliability risk to semiconductor products that have been stored for longer period of time
is low. No failure mechanisms have been identified that would compromise the electrical
performance or circuit reliability of LTS devices. HTOL and HTSL assessment data provides the
best estimate of parametric performance over time, which was two fixed items during product
qualification.
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Devices are biased during HTOL testing, this is the worst case compared to unbiased storage.
FIT rates have been in the single digit or low level two digits based on Awinic reliability
assessment data. This assures that biased and unbiased devices would remain within data sheet
limits far beyond the design and storage life of the device.
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In addition to the studies performed on the long term storage products, package
qualifications include humidity testing to evaluate the effect of moisture on die metallization
(galvanic corrosion). Devices routinely pass high temperature and high humidity testing. All
products are stored in a properly controlled environment prior to being shipped. Moisture
sensitive products are packaged with appropriate MBB and desiccant based on Awinic internal
specification for moisture sensitivity which aligns with JEDEC J-STD-033D. Packaging material
and cover tape was evaluated using Tribocharge testing and showed no issues. Any failure of the
MBB would be detected immediately by the HIC discolorations upon opening the package.
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L= SEH Products Samples Included in the Evaluation

&I& 4-1 5 T IHEBY T B B

Table 4-1 Lists the evaluated device samples.

Sample Shelf Storage Package Pin ] o

Batch Part Number | Date Code Age (Years) Type Count MSL Terminal Finish
1# AWS87319CSR 1627 7.5 WLCSP 19 MSL1 SnAgCu solder ball
2# AW9666QNR 1631 1.4 WBQFN 16 MSL3 Sn
3# AWS8T737FCR 1640 7.2 FCQFN 16 MSL3 Sn
44 AWO9119QNR 1738 6.3 WBQFN 20 MSL3 Sn
5# AW9233CSR 1742 6.2 WLCSP 16 MSL1 SnAgCu solder ball
6# AWS5027ECR 1819 5.6 ECP 6 MSL1 SnAgCu solder ball
# AW5008L2FDR | 1844 5.2 FCDFN 6 MSL1 NiPdAu
8# AW36429FCR 1845 5.1 FCQFN 10 MSL1 Sn
O# AW5105DNR 1813 5.3 WBDFN 6 MSL1 NiPdAu
104# AW5017DNR 1837 5.7 WBDFN 6 MSL3 Sn
114 AWS8899QNR 1828 5.5 WBQFN 24 MSL3 Sn
124 AWS87317CSR 1812 5.8 WLCSP 14 MSL1 SnAgCu solder ball

Table 4-1

5. BEMEIFM Packing Materials Evaluation

Device information labels continued to properly adhesive after 5 years of warehouse storage
and were readable. The HIC had been checked immediately after opening the MBB. No HIC
samples showed a change in the color dots.

LSS HFHRTENE, MEAAMTRERRIRY, IFRERBUINEERERETF, RAIEEETR
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El 5-1 # & 10#THRE, MSL3 8% 5-2 1k 10# MBB LAIIRES
Figure 5-1. Sample 10# Opened Box, MSL3 Packing Figure 5-2. Sample 10# Label on MBB

10%

60%
LEVEL 2A-5A PARTS LEVEL 2 PARTS
Bake parts if 10% IS NOT BROWN and 5% IS AZURE Bake parts I 60%

HAI CHEN ENTERPRISES 1S NOT Show
BROWN-DRY AZURE-WET [fse
COBALT FREE HUMIDITY INDICATOR CARD E.& I£5%, 10% or

AVOID METAL CONTACT SOR dotare szwe.
COMPLIES WITH IPC/JEDEC J-STD-033

5-3 t¥m 10# REETF
Figure 5-3. Sample 10# HIC after opening MBB
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6. EEME ESD Miskt Packing Material ESD Testing

The measurement for the originally used tape and MBB packing material was made and all
meet requirement.
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6-1. #an 4# EHERE RN 6-2. #¥an 4# HHEREEMEN
Figure 6-1. Carrier Tape Resistivity Measurement Figure 6-2. Cover Tape Resistivity Measurement
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6-3. #¥&n 4# MBB R BN 6-4. ¥¥an 4# MBB EEZBEMIA
Figure 6-3. MBB Resistivity Measurement Figure 6-4. MBB Voltage Test
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& 6-1 ESD MiAERLC &
Table 6-1 ESD test result summary

MBB inner MBB outer Carrier tape Cover tape
Carrier Cover
Samp surface surface MBB surface surface
Date . i i tape i tape
le Part Number MSL resistance resistance voltage | resistance resistance
Code voltage voltage
Batch (1.0E4~1.0E1 | (1.0E4~1.0E11 | <100v | (1.0E4~1.0E (1.0E4~1.0E
<100v <100v
10) Q) 110) 110)
14 1627 AWB7319CSR | MSL1 | 3.59X10°Q 2.64X10°Q ov 6.32X10%0 | oV 2.12X10% ov
2# 1631 AW9666QNR MSL3 | 4.37X10°Q 5.23X10°Q ov 5.75X10%Q | oV 1.54 X101 ov
3# 1640 AWST3T7FCR MSL3 | 1.27X10°Q 7.14X10°Q ov 2.33X10%0 | ov 1.98X10%° ov
4# 1738 AW9119QNR MSL3 | 3.17X10%Q 3.96X10°Q ov 8.85X10%0 | ov 2.24X10% ov
5# 1742 AW9233CSR MSL1 | 1.54X10%°Q 8.04X10%Q ov 2.43X10%0 | ov 1.47X10% ov
6# 1819 AW5027ECR MSL1 | 9.34X10°Q 8.28X10%Q ov 1.35X10%Q | oV 1.44X10%° ov
T# 1844 AWS5008L2FDR | MSL1 | 8.90%X10°Q 2.77X10°Q ov 1.75X10%Q | oV 1.61X10%° ov
8# 1845 AW36429FCR | MSL1 | 1.34X10%Q 1.08X10°Q ov 8.66X10°Q | OV 2.04X10% ov
o# 1813 AWS5105DNR MSL1 | 2.30X10%Q 1.51X10°Q ov 2.26X10%Q | 0V 1.25X10% ov
104# 1837 AW5017DNR MSL3 1.37X10°Q 2.12X10%°0 ov 3.07X10%Q | oV 3.04X10% ov
11# 1828 AWB8899QNR MSL3 | 4.99%X10°Q 2.37X10%°0 ov 9.21X10°Q | OV 2.02X10% ov
12# 1812 AWS87317CSR MSL1 2.49X10'°0 1.41X10°Q ov 4.17X10%°Q | 0V 1.55X 1010 ov
Table 6-1

7. 4ahi17¥fh Cover Tape Peel Strength Evaluation

The test is done to confirm that the cover tape adhesion did not change over the long-term
storage of the reel. The peel force of the cover tape was measured within the 10gram minimum
force and 100gram maximum limit according industry standard EIA 481. The peeling speed of
the cover tape was set to 300mm per minute.

RHERMRFIN T SEAETELSI K EEFEEERERETN, KiE EIA 481 tnE, FIBHS/N

1052, &K 100 %, HEEREIRENSITH 300 22X
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7-1. wHhrIMiAIgE
Figure 7-1. Cover Tape Peel Strength Test Setup

Figure 7-1.

7-2. #an 84, 8mm HHHIJTMIHLE R (W3z 30-80g)
Figure 7-2. Cover Tape Peel Strength Test Result for 8mm Tape.
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Figure 7-2.

EBYABFEARRMBERQT | MEFHFMED: 688798 | LiEMRITTREXE 908 5 B & 15

| +862154271166 | www.awinic.com


http://www.awinic.com/

8. W HiFfh Package Evaluation

o SRR Appearance Check

Appearance is checked after taking out from carrier pocket, no abnormality was found
on the terminal, like corrosion, oxidation, etc.

MEREHPIHTHIOEINE, BIANGTFLTER. SXFRE, BANT:

8-1 & 114, MR E
Figure 8-1. Sample 11# appearance

IEME BE-RERHE BE-REER
Topside (Backside-focus on compound) (Backside-focus on pad)

8-2 B£fm o#, HMIICE
Figure 8-2. Sample 9# appearance

EBYABFERARMERART | IEHMKFE: 688798 | LEMRTXAENEE 085S BEE 158 | +862154271166 | www.awinic.com


http://www.awinic.com/

8-3 & 5#, IMNIILE
Figure 8-3. Sample 5# appearance

o SR AEM Solderability Test

Samples from each of the selected lots were tested for solderability follow JEDEC standard
(J-STD-002) and were all pass.

f&kifE J-STD-002 FREN B MEEHURBIF REIT 7 RNRENE, ER2WMERK.

8-4 t¥n 11#, IIRMER
Figure 8-4. Sample 11# solderability result

483381

Before Solderability After Solderability
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8-5 #ah o#, AIIRMLER
Figure 8-5. Sample 94 solderability result

Before Solderability After Solderability

8-6 1¥am S#, AIIRMER
Figure 8-6. Sample 5# solderability result

Before Solderability After Solderability

o  =REBIRIBFERM SAT Results After 3X Reflow

The package samples from each of the selected lots were picked out of the reel baked for
24 hours at 125°C and then 3X reflow(Follow J-STD-020) to check SAT result and no any
delamination was found.

MEBMEERURPEN SR, £ 125 B RNEE 24 /)\BY, AR#HTT 3 REIRIE(ZZE J-STD-020),
KE SAT 4R, REAMNEMSEIR.
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8-7 t¥om 11#, [BIAIESS C-SCAN&T-SCAN £
Figure 8-7. Sample 11# C-SCAN&T-SCAN result after reflow

T-SCAN after reflow
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8-8 ¥mm o#, [BIMIER C-SCAN&T-SCAN £R
Figure 8-8. Sample 9# C-SCAN&T-SCAN result after reflow

C-SCAN after reflow

. -
&

T-SCAN after reflow

A2 Board Level Solderability

Some of the selected lots were soldered to the PCB for simulating SMT process, X-ray and OS
test was checked to valid the result.

RN ER Dt R IERE B ENRI ER BR AR | AR SMT 3332, @3 X-ray A OS MK RIS IUELE
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8-9 15 9#, X-ray 1 OS ik OK, AIIRMEIEE
Figure 8-9. Sample 9# X-ray and OS test was OK, solderability was pass

8-10 ¥ 3#, X-ray #1 OS Mk OK, AIIRMIESE
Figure 8-10. Sample 3# X-ray and OS test was OK, solderability was pass

e
oo o
4119

8-11 5 13#, X-ray #1 OS Mk OK, AIIEMIESE
Figure 8-11. Sample 13# X-ray and OS test was OK, solderability was pass

& 8-1 AEMENHARLTE
Table 8-1 Solderability test result summary
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Appearance SAT (3x N Board Level
Sample Date Part Number Package MSL check reflow) Solderability Solderability
Batch Code Type (10pcs) (>77pcs) (22pcs) (22pcs)
1# 1627 AW87319CSR WLCSP MSL1 Pass Pass Pass Pass
2# 1631 AW9666QNR WBQFN MSL3 Pass Pass Pass /
3# 1640 AWS8T37TFCR FCQFN MSL3 Pass Pass Pass Pass
A4# 1738 AW9119QNR WBQFN MSL3 Pass Pass Pass /
S5# 1742 AW9233CSR WLCSP MSL1 Pass / Pass /
6# 1819 AW5027ECR ECP MSL1 Pass / Pass /
T# 1844 AW5008L2FDR FCDFN MSL1 Pass Pass Pass /
8# 1845 AW36429FCR FCQFN MSL1 Pass Pass Pass /
o# 1813 AW5105DNR WBDFN MSL1 Pass Pass Pass Pass
104 1837 AW5017DNR WBDFN MSL3 Pass Pass Pass /
114 1828 AWS8899QNR WBQFN MSL3 Pass Pass Pass /
124 1812 AWS87317CSR WLCSP MSL1 Pass / Pass /
13# 1830 AWS87339CSR WLCSP MSL1 Pass / / Pass
Table 8-1

9. £%CS Summary of Results

« Reliability of the semiconductor devices stored in an environmentally controlled warehouse
for an extended period of time up to around 8 years was assessed. No failure mechanisms
were identified;

« ESD performance of tape and reel samples was comparable to new tape and pocket samples;

« The HIC were confirmed to be functional with no color change;

+ No degradation in ESD performance or moisture ingress was observed on the MBB when

stored in a controlled environment;
« Solderability of the package pins met all expectations and is comparable with the solderability

performance of current devices.
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10. 453 Conclusion

Advancements in lead-frame technology, packing materials and inventory logistics have made
it possible to further extend the time between manufacturing semiconductor products and
delivering to customers.

HBTFESILERA, SERMHNEFYIRAENHY, EREFSEMEFEIHEER PRI EEH
F%79°7 BJ8Eo

Based on above studies, this extended storage time to 5 years does not impact product
performance or the customers product shelf life. Awinic will continue to collect data on more
samples and continue to adjust the storage conditions and duration for various products.

KIEU LR, FHRENEERERERAETM~mALERER P iV RER. X ARRSEE
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11. KRB Glossary of Terms

Humidity Indicator Card (HIC)-a card printed with a moisture sensitive chemical(cobalt
chloride) that changes from blue to pink in the presence of water
vapor.

Long Term Storage (LTS)-storage of devices in an uncontrolled indoor environment for
more than two years.

Moisture Barrier Bag (MBB)-storage bag manufactured with a flexible laminated vapor
barrier film that restricts transmission of water vapor (also called
Dry Pack Back).

Nickel, Palladium, Gold (NiPdAu)-metal layers that are pre-plated on lead frames to enable
solderability.

SAC/SnAgCu Solder paste metal composition, tin, silver, copper content.

Shelf Life The time that moisture sensitive devices may be stored in MBB

with desiccant and HIC or MSL 1 devices stored at room ambient.

WLCSP Wafer Level Chip Scale Package.
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