NKG NAKAGAWA ELECTRONICS LIMITED

Block A, Unit 1-2, 7/F., Hoi Luen Ind. Centre RERRIZIN0L
55 Hoi Yuen Road, Kwun Tong, Kowloon, Hongkong
PRODUCT CHANGE NOTIFICATION
PCN tracking number: PCNNJ21001 Issue date: 2021-05-06
Contact: Li Wei Phone: +852 2389 9201
Title: ENG Manager E-mail: sales@nkg.com.hk
Product influenced: m Major change o Minor change
NKG Part Number: This PCN is applicable to all PN families that utilize crystal package HC-49/S

in any form or style, the PN families are listed here below.
01-CR1-02, 01-CR1-03, 01-CR1-08, 01-CR1-09, 01-CR1-13, 01-CR1-32,
01-CR1-33, 01-CR1-38, 01-CR1-39, 01-CR1-43, 01-CR1-49, 01-CR1-53

Customer Number: ANY in compliance to our PN families listed above
Effective Date: 2021 May 01
Reason for change(s): Recent new regulations to better control volatile organic

compounds (VOC) and air pollutants, released in many
o Electrical / Appearance Specification |countries and China as well, have been leading into
O Products Package Outline/ Dimension |investigation for solvents used in the conductive adhesives for

m Material quartz crystals and other products that use quartz crystals as
O Appearance frequency source.

0 Packaging As a result of this, one of the conductive adhesives, used for
0 Data Sheet over 30 years on certain types of quartz crystal products, was

found to contain a small amount of a "to be banned" volatile
substance. The manufacturer THREE BOND has therefore
decided to remove this silver filled conductive adhesive, model
TB-3301F, from the market.

0 Process / Technology
0 Manufacturing Equipment
r1 Other

Since the original manufacturer is not having an alternate adhesive available, a search for a replacement
was conducted and an adhesive chosen that has been used for 10 years on the market already.

The new silver filled conductive adhesive, model TS-0515J, from the manufacturer Shanghai Teng Shuo
Electronics Material Co. Ltd. was chosen and a comprehensive qualification test executed.

The qualification tests have been showing the same good electrical performance (mainly in regards of
resistance) and the same mechanical stability for the crystal attachment.

The detailed qualification report is available upon request.

#r

REPORT FILE: "NK-RPT_ConductiveAdhesive_TS-0515)_210414.pdf"

The qualification of the new conductive adhesive was successful and passed in all points, the electrical
performance, mechanical stability and shock resistance (drop test) and meets applicable environmental
compliances as well. The new adhesive is not containing substance that are listed in today's
environmental compliance directives such as RoHS (EU), China RoHS, SVHCs of REACH including Annex
XVII, Halogen-Free (per IEC 61249-2-21:2003), TSCAs listed by EPA, POP (EC No. 850/ 2004 on Persistent
Organic Pollutants), and the new China GB standard to ban VOCs (volatile organic compounds).
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NKG NAKAGAWA ELECTRONICS LIMITED RPT-TS-0515/-210405
Block A, Unit 1-2, 7/F., Hoi Luen Ind. Centre
55 Hoi Yuen Road, Kwun Tong, Kowloon, Hongkong

MATERIAL QUALIFICATION REPORT

Material / component: Conductive adhesive (cement for quartz crystal attachment)

Material to be replaced: THREE BOND TB-3301F

New material maker: Shanghai Teng Shuo Electronics Material Co. Ltd.

New material P/N: TS-0515)

New material description: Silver filled conductive epoxy based adhesive

Applicable usage(s) For all guartz crystal units and MCF made in various thru-hole and SMD

formed packages as listed below (for PN families please refer to PCN]).

HC-51/U, HC-45/U, HC-49/T, HC-49/S, UM-1, UM-5, various types in metal
cylinder packages @3x10mm, @3x9mm, P3x8mm and @2x6mm.

Above package models may made in various height, with 2 leads or more,
with cut leads, with SMD formed leads, or being put into any other SMD
form by resin molding or other methods in order to allow assembly by SMT.

Li Wei Mario Bruech 2021-04-05

ENG VP QA/ENG DATE

Form: NK-RPT-F
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Preface

The State Administration for Market Regulation, PRC promulgated the national standard GB 33372-2020
Volatile Organic Compound Limits for Adhesives in March 2020, which stipulates the content of volatile organic
compounds (VOC) in all kinds of adhesives. At present, the through-hole type quartz crystal resonator (including
the SMD type products assembled by such products) and the through-hole type quartz crystal filter manufactured
by Namjing CEC Panda Crystal Technology Co., Ltd. use the "three-bond chemical” TB-3301F type conductive
silver adhesive. The supplier has notified in September 2020 that the conductive silver adhesive does not meet the
VOC standards specified in the Volatile Organic Compounds Limits for Adhesives GB 33372-2020.In order to
meet the national control standards and maintain the supply of the above products to new and old customers, the
compary reselects and evaluates the conductive silver adhesive.

This report is an evaluation of T8-0515] conductive silver adhesive produced by Shanghai Tengshuo

Electromc Materials Co., Ltd.
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1 Material information

a) Manufacturer: Shanghai Teng Shuo Electronics Material Co., Ltd.
b) Name: TS-0515] conductive silver adhesives.
¢) Quantity of incoming materials for sample certification: 200g (100 g * 2 cans).
d) Quantity of incoming materials for small batch trial production: 1000g (200 g * 5 cans).
e) Product packaging: sealed cans.
[} Packing specification: 200g/ can.
g) Product specifications, test results and other documents :
—  Product Instructions
—  CPBIA test report (Conclusion: PASS)
—  ROHS test report {Conclusion: PASS)
—  SVHC test report (Conclusion: PASS)
—  VOC test report (Conclusion: PASS)
—  PFOS & PFOA test report (Conclusion: PASS)
—  T8-0515] Conductive Adhesive MSDS

h)  Product ingredients:

Ingredients Concentration range wt%o Chemical formula CAS
Silver powder T0~80% Contain CH,OH 7440-224
Epoxy glue 5~15% Trade Secret
Curing agent 2~8% Trade Secret
Ethylene glycol solvent 2~10% 111-90-0

The packaging method of TS-0515] conductive adhesive does not affect the use, and the VOC detection meets

the requirements of GB 33372-2020 Adhesive Volatile Organic Compound Limit.

2. The sample evaluation

Compared with TS-0515] conductive silver adhesive sample and TB-3301F, the use method, physical
properties, conductive adhesive resistance, adhesive point binding force, normal temperature and temperature
characteristics after processing into finished products, the reliability of finished products and other properties, to

evaluate whether it meets our company's requirements.
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2.1 Methods of u

se

Evaluation Criteria: "Dispensing Curing Operation Instructions" (No. : OIS-DIP-005).

Evaluation data:

TB-3301F TS8-05157 X
TS-0515] has A more
Storage -5~~10°C/ 3 months -5~~0°C/ 3 months stringent temperature
requirement.
Temperature
>60min >120min TS-0515] needs more time.
return time
Tumn forward for 10min, stand for | Turn forward for 10min, stand for
Mixing 30s, and reverse for 30s. 30s, and reverse for 30s. Identical
Speed: 2000 RPM Speed: 2000 RPM
Baking
160°C£10°C, 2h+£10mim 160°C£10°C, +10mim Identical
conditions
Continuous
<12h <212h Identical
service time

Evaluation conclusion: qualified.
T8-0515] conductive adhesive storage and use methods are basically the same as TB-3301F, TS-0515]

conductive adhesive temperature return time is longer, but it does not affect the use.

2.2 Physical properties

Evaluation Criteria: "Conductive Adhesive Inspection Standard" (No. : SIP-IQD-010).

Evaluation data:

TB-3301F TS-05157 Eligibility criteria
Adhesive Epoxy resin Epoxy resin /
The conductive medium Silver powder Silver powder /
Pencil hardness 3H 5H 4H~6H
Weight relative to water 2.94 3.040.5 3.0£0.5

Evaluation conclusion: qualified.
According to the standard operating procedures used in the current use of TB-3301F manufacturing products,
the parameters of the dispensing machine (dispensing pressure, coating time, etc.) are the same, the TS-0515]

conductive glue dispensing operation state is the same, does not affect the use;Other features are similar.
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2.3 Conductive adhesive resistor

Evaluation Criteria: "Conductive Adhesive Inspection Standard" (No. : SIP-IQD-010), the test
resistance value < 0.8Q is qualified.

Two 3M tapes (thickness 0.03 ~ 0.05mmumn) should be pasted parallel to the plate glass of
100mmx=100mm=3mm, and the spacing should be 10mm. A small amount of conductive adhesive should be placed
on the plate glass, and the conductive adhesive should be scraped into the groove with a scraper at an Angle of 45°.
The scraper should be attached to the tape to ensure that the conductive adhesive is of the same thickness. Remove
the tape and bake the sample at 150°C  for 60 minutes.Measure 65mm conductive adhesive resistance (remove wire
resistance).

Evaluation data:

Sample TB-3301F (Unit: ) TS-0515] (Unit: £2)
1# 0.18 0.45
2 0.17 037
3# 0.15 0.36
44 0.15 0.35
S5# 0.15 0.35
6# 025 0.50
TH 022 0.48
8# 0.19 047
9# 0.15 0.52
10# 0.14 046

MAX 0.25 0.52
MIN 0.14 0.35

Average 0.18 043

Evaluation conclusion: qualified.
Under the same test conditions, the resistance of TS-0515] conductive adhesive is about 2.4 times that of

TB-3301F, but all of them are within the qualified range.

2.4 Bonding force of glue point

Evaluation criteria: Dispensing Inspection Standards (No. : SIP-IPD-003).
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According to the current standard operating procedure for manufacturing products using TB-3301F, the
T8-0515] conductive adhesive sample was used for trial production of S-14.31818MHz product. 25 qualified
dispensing products were taken, and the adhesive point binding force was tested and compared using a tensile
machine. The binding force of the glue point is more than 50gf or it is qualified if the chip is damaged and does not
come unglued.

Evaluation data:

ef Scatter diagram of adhesive binding force
150 & TB-3301F A TS-0515)
120 ® A A L 4
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0 5 10 15 20 25 30
TB-3301F (Unit: gf) TS-0515] (Unit: gf)
MAX 121 118
MIN 74 69
Average 97 95

Evaluation conclusion: qualified.
Under the same process, the adhesive point binding force of TS-05157 conductive adhesive is simnilar to that of

TB-3301F.

2.5 Normal Temperature Performance of Finished Products

Evaluation criteria: finished product parameter table 5-14-0138.

According to the current standard operating procedure when using TB-3301F to manufacture products,
5-14.31818MHz product was tested by using TS-0515] conductive adhesive sample.450 pieces of finished products
were taker, and the parameters at room temperature were tested and compared using a 250B network analyzer,

focusing on the equivalent impedance at room temperature.
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Evaluation data:

Rs(0)) CO(pF) CI(fF) L{mH)
TB-3301F | TS-0515J | TB-3301F | TS-05157 | TB-3301F | TS-05157 | TB-3301F | TS-05157
MAX 17.9 24.0 3.0 32 13.1 1341 10.5 11.1
MIN 6.5 6.6 2.9 2.9 11.7 11.2 9.4 94
AVG 9.1 9.6 3.0 3.0 124 12 9.9 10.1
B Equivalent impedance:
0 B Scatterdlagram #T5-0515] & TB-3301F

20

0 L] T L} L] T L] L) T L}
0 50 100 150 200 250 300 350 400 450
TB-3301F Rs Normal distribution TS-05151 Rs Normal distribution
120 . Frequency =—#==MNormal distribution curve 0.25 1120 B Frequency =#==Nomnal distribution CUTVE 5
100 L .20 100
- 0.15
80 80
- 0.15
60 A 60 0.10
- 0.10
40 - 40
- 0.03
20 - - 0.0 29
0 - - 0.00 0 - 0.00
1 3 5 7 9 11 13 15 17

Evaluation conclusion: qualified.
Under the same process, TS-0515] conduective adhesive is used to produce the products, and there is no

obvious difference between the normal temperature parameters and TB-3301F.
2.6 Temperature characteristics of finished products

Evaluation criteria: According to the current standard operating procedure when using TB-3301F to

manufacture products, S-14.31818MHz product was tested by using T'S-0515] conductive adhesive sample.30
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normal temnperature qualified products were taken, and the temmperature parameters were tested and compared using
the W-2200 temperature measuring machine.

Evaluation data:

3th)16 ppm F/T curve of finished TB-3301F conductive adhesive
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Evaluation conclusion: qualified.
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The temperature frequency F/T, temperature resistance R/T and other indexes of the products produced by

using TS-05157 conductive adhesive in the same process have no obvious difference with TB-3301F.

2.7 Reliability test of finished products

Evaluation standard: Reliability Inspection Specification (No. : SIP-IPX-010).

According to the current standard operating procedure when using TB-3301F to manufacture products,

5-14.31818MHz product was tested by using TS-0515] conductive adhesive sample. Take normal temperature and

temperature test qualified products, according to the relevant requirements of "reliability inspection code" test.

Evaluation data:

Reference Eligibility
Item Test method TB-3301FTS-0515]
standard criteria
High Working temperature of the highest temperature 85°C for 1000
MIL-STD-202 AFr=_+10ppm
temperature hours, 250 hours, 500 hours during the test, no charge. The test PASS PASS
Method 108 ARs < +50hm
storage was performed 24 =2 hours after the end of the experiment.
Constant Temperature 85 C, humidity 85%,1000 hours, 250 hours, 500
MIL-STD-202 AFr<_+10ppm
humidity and hours dharing the test. The test was performed 24 + 2 howrs after PASS | PASS
Method 103 ARs<+50hm
heat the end of the experiment.
Low -40°C storage for 1000 hours, 250 hours, 500 hours during the
AFT<2£10ppm
temperature | [EC-60068-2-1 | test, no charge The test was performed 24 & 2 hours after the PASS | PASS
ARs<+50hm
storage end of the experiment.
High and low
JESD22 -55CH125°C, 1000 cycles;Maximum conversion time: 5 |AFr<<10ppm
temperature PASS | PASS
Method JA-104 | minutes;High and low temperature holding time: 30 minutes. | ARs-Z+50hm
cycle
AFT<£5ppm
Drop [EC-60068-2-32 Height: 1m, free fall onto hard board, loop 3 times PASS | PASS
ARs<+50hm
Mechanical shock is performed in accordance with condition C
of method 213, and three pulses (atotal of 18 pulses) are
Shock
MIL-STD-202 | performed in each direction of three mutually perpendicular | AFr<I+5ppm
(specified PASS | PASS
Method 213 axes (six directions in total), followed by electrical ARs < +50hm
pulse)
performance tests.(Peak: 100g's, Waveform: Half Sine, Speed
of Change: 12.3 ft/s)
[Vibration, high| MIL-STD-202 | 12 cycles in each direction of three directions (20 minutes for | AFr<<+5ppm
PASS | PASS
frequency Method 204 each cycle), acceleration 5¢g's, test from 10-2000Hz. ARs<+50hm
Resistance to | MIL-STD-202 | Lead product (dipped tin) : condition B 235+ 5°C,10 £ 1zec,1 | AFr<2+5ppm | PASS | PASS

7
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soldering heat | Method 210 cycle, 8x magnifying glass ARs < +50hm
Appearance in
2 0od condition|
Electrical performance testing is not required for linear and
Tin leaching
SMD products. Pretreatment before the test: high temperature
Solderability J-STD-002 rate of 95% or| PASS | PASS
storage at 155°C for 4 hours. Lead product: Plan A product is
higher
impregnated in A tin tank at 235°C +57C,
Only lead integrity of test through-hole type components is
Terminal MIL-STD-202 required. The leads are
PASS PASS
strength Method 211 Condition A :(227g ) Follow the lead direction once not broken
Condition C :(227g), three bends at 90 degrees.

Evaluation conclusion: qualified.

The reliability test results of TS-0515] conductive adhesive products produced under the same process are

similar to those of TB-3301F, and both of them meet the qualified standard.

2.8 The Sample evaluation conclusion

After comparison, the performance of TS-0515J conductive silver adhesive sample and TB-3301F, such as the

use method, physical characteristics, conductive adhesive resistance, glue point binding force, normal temperature
and temperature characteristics after processing into finished products, and the reliability of finished products, meet

our company’s requirerments.
3 Small batch trial run evaluation
3.1 Comparison of small batch conductive adhesive properties with samples

Compared with TS-0515] sample conductive adhesive, the use methed of TS-0515] small batch conductive
adhesive did not change; The physical properties are equivalent to the sample and within the qualified range; The
average resistance of the conductive adhesive is 0.440), which is similar to the sample and within the qualified
range. The average binding force of the glue point is 95gf, which is similar to the sample and within the qualified
range. The normal temperature and temperature characteristics of the finished product are similar to those of the
sample and are within the qualified range.

By comparisor, the properties of the small batch conductive adhesive and the sample conductive adhesive

have no obvious change.
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3.2 Qualification rate of small batch trial production

Adjusting First test Second test
Percent of Percent of Percent of
Input Qualified Input Qualified Input Qualified
pass pass pass
Total | 52122 51894 99.6% 50698 49060 96.8% 48996 48538 99.1%
TS-05151 | MAX 100.0% 98.9% 99.9%
MIN 99.1% 94.0% 97.4%
Total | 353097 52889 99.6% 52086 49998 96.0% 50023 49643 99.2%
TB-3301F | MAX 100.0% 97.7% 99.8%
MIN 98.6% 93.8% 97.0%

Evaluation conclusion: qualified.

Under the same process, T3-0515] conductive adhesive is used for production, and the qualified rate of each

process is equivalent to that of TB-3301F.

3.3 Reliability verification of small batch conductive adhesive products

3.3.1 Drop test

Evaluation standard: [EC - 60068-2-32 Height: 1m, free fall onto hard board, loop 3 tines. A Fr <=5 ppm

and ARs<%5 ohm are qualified. Take a small batch of conductive adhesive trial production of 30 qualified products

each, normal temperature and temperature test are qualified, do drop test.

Evaluation data:

Fs changes after drop Rs changes after drop

Before After AFs NO. Before After ARs
MA¥X -115.5 -114.9 1.2 MAX 531 54.9 1.7
MIN -124.9 -1251 -1.3 MIN 355 35.0 -0.83
AVG -120.4 -120.3 0.0 AVG 41.9 41.9 0.0
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Evaluation conclusion: qualified.

The products produced by using small batch TS-0515] conductive adhesive are qualified in the drop test.

3.3.2 Reflowing test

Evaluation standard: J-STD-020. 60s ~ 180s at 150C ~ 200°C, 20s ~ 40s at 2557C ~ 2607C, reflux twice.

AFr < 5ppm, ARs< =+5ohm, good appearance, it is qualified. Take a small batch of conductive adhesive trial

production of 30 qualified products each, normal temperature and temperature test are qualified, do reflow

soldering test.

Evaluation data:

Fs changes after reflow Rs changes after reflow
Before After AFs NO. Before After ARs
MAX -163.6 -163.3 0.6 MAX 9.1 93 03
MIN -183.0 -183.6 -0.8 MIN 7.1 7.2 -0.6
AVG -175.4 -175.6 -0.1 AVG 8.0 7.9 -0.1
ppm Fs changes after reflow ohms Rs changes after reflow
5.0 5.0
4.0 4.0
3.0 3.0
2.0 2.0
1.0 1.0
0.0 — 0.0 —T
10 Daltal 1.0 Deltal Deltal
-2.0 -2.0
3.0 -3.0
4.0 4.0
-5.0 -5.0

Evaluation conclusion: qualified.

The reflow soldering test of the products made with small batch T'S-0515] conductive adhesive is qualified.
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4 Evaluation of product application requirements
4.1 The packing and shipping

According to the reliability test evaluation of finished products in 2.7, the anti-drop characteristics,
anti-mechanical impact and anti-vibration abilities of the products produced by TS-05157 conductive adhesive are
comparable to those produced by TB-3301F, and all of them meet the qualified standards.Conductive adhesive

change does not affect product packaging, transportation.

4.2 Customer reflow welding

According to 2.7 reliability test evaluation of finished products and 3.3.2 reflow soldering test verification, the
anti-drop characteristics, anti-mechanical impact and anti-vibration abilities of the products produced by TS-0515]
conductive adhesive are comparable to those produced by TB-3301F, and both meet the qualified

standards.Conductive adhesive change does not affect product packaging, transportation.

4.3 Storage

According to the reliability test evaluation of fimished products in 2.7, the test results of high temperature
storage, constant humidity and heat, low temperature storage and temperature cycle of products produced by
TS8-0515] conductive adhesive are comparable to those produced by TB-3301F, and all of them meet the qualified

standards.The change of conductive adhesive does not affect product storage.

5 Evaluation conclusion:

After evaluation, TS-0515] conductive adhesive VOC detection meets the requirements of "GB 33372-2020
Adadhesives Volatile Organic Compound Limited”, the packaging method and packaging specifications are the
same as our current TB-3301F, and the storage, use and physical properties are similar to TB-3301F.Under the
current production process, the normal temperature and temperature characteristics of the finished products are
basically similar to those of TB-3301F, and the reliability test is qualified, without affecting the packaging,
transportation, storage and use of customners. It meets the production requirements of the through-hole type quartz
crystal resonator (including the SMD type products assembled by such products) and the through-hole type quartz

crystal filter, and the evaluation is qualified.
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Anticipated (positive and negative} impact on fit, form, function, quality or reliability:

1. A NEGATIVE effect occurs for manufacturing due to the fact that the new conductive adhesive, model
TS-0515J, requires twice the time for curing. But this does not affect the customer nor does it has an
impact on the performance of the adhesive on the finished product.

2. Since the conductive adhesive is used for the assembly of the quartz crystal blank inside the unit, this
change does not have any impact on FIT and FORM. It does therefore also not affect the mechanical
dimensions of the finished product.

3. The function of the quarz crystal units can be fully guarantied when using the new conductive
adhesive. The electrical parameters of the quartz crystal units can be fully met when using the newly
qualified conductive adhesive. No cut-backs, restrictions or limitations apply for the finished products, all
specifications per our Part Numbers as released can be fully met.

4. In regards of Quality and Reliability of the quartz crystal units have our tests shown that the products
can meet all criteria as defined in the test standards. The crystal units made with the new conductive
adhesive are showing the same good performance in all tests.

5. The POSITIVE effect when using the new conductive adhesive is that our quartz crystal units can fully
meet environmental standards, especially in regard of volatile organic compounds (VOC]).

By using the new adhesive we have done another step in order to contribute to the improvement of our
working and living environment and to reduce negative impacts that these pollutants may have on
humans and nature.

Customer acknowledgement efreceiptwithin-38-days-of-delivery-of-the PEN:

The qualification of the new conductive cement is an indispensible change, it does therefore NOT require
a written acknowledgement or response by the customers.
This PCN is considered to be for information only.

Customer Name / Division:

Approvers name / Title:

Approval date:

QA approval of PCN: 2021-05-06 QA signature or chop
Date Mario Bruech / VP QA/ENG
Li Wei ENG Manager ‘72_2
Name and signature Title ’
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