ROHM Co. Ltd.

21 Saiin Mizosaki-cho, Ukyo-ku, Kyoto 615-8585 Japan
TEL: +81-75-311-2121 FAX: +81-75-315-0172
http://www.rohm.com

Product/Process Change Notification
PCN#: 1021009

This is an announcement of change to products which are currently supplied by ROHM.

ROHM sincerely requires acknowledgment of receipt of this notification within 30 days of the date of this
notice. Lack of acknowledgment of this notice within 30 days constitutes acceptance of the change.

Your understanding and cooperation would be highly appreciated.

Issue Date: 1st.Sep.2021

Title of change

Change the wire material from Au wire to Cu wire (LSI)

Identification of change

Product name in the label.

Detailed description of change

Before After

Wire Material : Au wire (Gold) Wire Material : Cu wire (Copper)

Affected product(s)

Manufacuture part number Customer part number

Reason for change

Increasing the price of Au wire, it has been difficult to keep production by same price. To keep stable production, Rohm recommend
to change Cu wire from Au wire.

Anticipated impact on form, fit, function, quality or reliability

There are no issue on quality based on attached report.

Planned date for change

1st Sep 2022

Qualification plan schedule, results and samples

If required, pleaes contact your local ROHM sales office.

Comments

Supplier contact

After acknowledgement of the customer, lack of additional response within 90 day period constitutes acceptance of
the change according to JEDEC Standard J-STD-046.




Change the wire material from Au wire to Cu wire (LSI)
1021009

Rohm Internal P/N
BD6967FVM-TR
BD9596BMWV-E2
BA4580RF-E2
BD6290EFV-E2
BD62011FS-E2
BA4558F-E2
BD62017AFS-E2
BA10393F-E2
BA10324AF-E2
BAOOCCOWFP-E2
BA2902FV-E2
BD62012FS-E2
BA10339F-E2
BD6971FV-GE2
BAOOBCOWFP-E2
BD33KA5WFP-E2
BA2904F-E2
BA10358F-E2
BAOODDOWHFP-TR
BA2903F-E2
BDOOCOAWFP-E2
BA5839FP-E2
BA2902SFV-E2
BA6287F-E2
BAO5CCOFP-E2
BD9E101FJ-LBGE2
BU24025MWV-E2
BD3491FS-E2
BA6423AF-E2
BD6971FV-E2
BD33KA5WFP-BJE2
BA2903SF-E2
BA2902SF-E2
BD8271EFV-E2
BA10339FV-E2
BA4560RF-E2
BAO33FP-E2
BD3571FP-E2



BD9130NV-E2
BU4052BCF-E2
BD6761FS-E2
BA33BCOFP-E2
BA178MO5FP-E2
BD25KA5WFP-BJE2
BA2903FVM-TR
BD6968FVM-TR
BAO6CCOWFP-E2
BD8163EFV-E2
BD6973FV-E2
BU7150NUV-E2
BA25BCOFP-E2
BR24T16F-WE2
BD12KAS5FP-E2
BAJ6DDOWHFP-TR
BU9795AKV-E2
BU9716BK
BU9OR104-E2
BD63860EFV-E2
BA2904SFV-E2
BDOOKAS5WFP-BJE2
BR24T04F-WE2
BD9251FV-E2
BD6231HFP-TR
BA2904SF-E2
BA6424AFS-E2
BD7411G-TR
BA4560F-E2
BD3930FP-E2
BU97941FV-E2
BA2901FV-E2
BD95850F-LBE2
BA10358FV-E2
BD63282EFV-E2
BA4558RFV-E2
BD9584F-E2
BU94502AMUV-E2
BD6974FV-E2
BD82065FV]-E2
BUSOLV048-E2
BD62018AFS-E2
BR24T02FV-WE2



BD62011AFS-E2
BU6574FV-E2
BD45425G-TR
BR24T16F]-WE2
BD6562FV-LBE2
BUSOLVO047A-E2
BA2902F-E2
BD5228G-TR
BR24T02F-WE2
BA14741F-E2
BA8391G-TR
BD95820F-LBE2
LM2904DGKR
BR24T32F-WE2



1%*5"@%&%:‘%%*&% SEMICONDUCTOR
Reliability Test Result 20214 78 8H Rev. J-1
LSIEXKE LSIEMmERETER
LSI Business Unit,

i@/ TYPE :BA4580RF LSI High Quality Design Division
F24Kk/PACKAGE :SOPS8 (Cu wire) £ ®FE S.Yano

[ EEEHRER )

HERIEHE HERA & EABREFMA 1IN | FRE
ITEM METHOD DURATION n (pcs) pn (pcs)
3 AW #2> MRALEREE | FRAHRY70-I03R (E-5260°C)
Resistance to soldering heat After the moisture soaking treatment,carry 10s 22 0
out the soldering heat stress(IR reflow :peak260°C)

JEITA ED4701-301
TLyiv—oyh— <#1> 121°C / 100% (2.026x10°Pa) {ZHRE 96h 22 0
|Pressure Cooker Storage at 121°C/100% (2.026x10°Pa)
BEHYATIL <H#> Tstg min (30min) / Tstg max (30min) 100cycles 22 0
Temperature Cycling JEITA ED4701-105
BEGRE Tstg max (ZHRiE 1000h 22 0
High Temperature Storage Storage at Tstg max JEITA ED4701-201
ERIRTEF Tstg min [ZHXE 1000h 22 0
Low Temperature Storage Storage at Tstg min JEITA ED4701-202
BRBIRRE #D 85°C / 85% IZHRE 1000h 22 0
Temperature Humidity Storage  [Place at 85°C/85% JEITA ED4701-103
BEERNATR G 85°C / 85% I CHRE JEITA ED4701-102 1000h 22 0
Temperature Humidity Bias Apply the specified voltage at 85°C/85%
=R B{E Topr max |ZCTHEE JEITA ED4701-101 1000h 22 0
High Temperature Operation Life JApply the specified voltage at Topr max

[ BEABRER ]

IFIRE (51-3RY) RER |Pu|| force = 1N 10s 5 0
Terminal strength JEITA ED4701-401
AT EERER |i§5§5&1§ 215°C. a3 H 10s 22 0
Solderability Dipping temperature 215°C, (Pb) JEITA ED4701-303
|;’%5§5&f§ 245°C. $8A7')—HH 5s 22 0
Dipping temperature 245°C, (Pb free) JEITA ED4701-303
FEE C=100pF. R=1.5kQ . 3times. 2000V - 5 0
JElectro Static Discharge HBM (Human Body Model) JS-001 (JEITA ED4701-304)
C=200pF. R=0Q . 3times. £ 100V - 5 0
MM (Machine Model)
+500V - 5 0
CDM (Charged Device Model)  JS—002
SyFTYTHER IIVABFEAAZ. FIH—ULREFR £100mA - 5 0
Latch Up Pulse current injection. trigger pulse current =100mA
JESD78 (JEITA ED4701-306)

KHD> ORBRIBECOEFEL T, FTIELL CTHEMAERBREIE T o RICRRBRETLET,

Soldering Heat examination is executed 3 times for the precondition.

KH2>> NRALEE  —A%S :85°C 85% 168h / MEZARAG : 30°C 70% 192h
Moisture soaking treatment Standard : 85°C 85% 168h / Dry packing : 30°C 70% 192h
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Change the wire material
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Sep, 15, 2021
LSI Engineering Div.
AP Production Headquarters.




4M comparison

ROHM

semiconouc

ToR

| confidential

Production line of Au wire

Production line of Cu wire

Difference

Venfication ftem

il

Package name (e.g.) HTSOP-J8 HTSOP-J8 Not application(N/A) N/A
Device name Refer to device list Refer to device list N/A N/A
Factory name ROHM Electronics Philippines, Inc. (REPI) Same as on the left
Headquarters Philippine Same as on the left
Personnel quantity 4,457 (As of 2018) Same as on the left
Assembly Cleanliness Refer to below Same as on the left NIA NIA
Factory (D‘?):lfdﬂlgg‘;) Wire Class 10,000 Same as on the left
(Mold) Class 10,000 Same as on the left
Factory name ROHM Electronics Philippines, Inc. (REPI) Same as on the left
Test N/A N/A
Headquarters Philippine Same as on the left
Assembly Certified operator by ROHM Same as on the left
Man N/A N/A
Test Certified operator by ROHM Same as on the left
Die bonding Full-automatic die bonder Same as on the left
Wire bonding Full-automatic wire bonder Same as on the left
Molding Full-auto molding machine Same as on the left
Assembly Tie-bar cut Full-auto tie-bar cut machine Same as on the left N/A N/A
Plating Full-auto plating machine Same as on the left
Machine
Marking Full-auto marking machine Same as on the left
Lead forming Full-auto forming machine Same as on the left
Test handler Full-auto handler Same as on the left
Test Tester Full-auto tester Same as on the left N/A N/A
Taping Taping Full-auto taping machine Same as on the left
Die bonding I)S\g‘deenrsilebO”daIZlgeTneelT:;d Same as on the left
Assembly Wire bonding Ultrasonic Na\\—hessn'g?ﬂel;mal Compression Same as on the left A A
Method Molding Transfer molding method Same as on the left
Plating Electroplating method Same as on the left
Test Test Contact method using socket Same as on the left N/A N/A
Material Assembly Please see another attachment Please see another attachment Applicable We'll compare following page.

© 2021 ROHM Co., Ltd.

Wire type is different.
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Change the wire material from Au wire to Cu wire

[ Confidential |

[1] Reason for change

[2] Changing points and production results

[3] Risk analysis for the change

[4] Evaluation contents for the changing risk

[5] List of the evaluation item
[5-1] Basic evaluation result ©@~®
[5-2] Simulation result @®1st Bond @2nd Bond
[5-3] Process margin result @1st Bond @2nd Bond
[5-4] Reliability test evaluation result
[5-5] Electrical characteristic result

[6] Identification method

[7] Comparison of the quality control item

[8] Quality control of the bond strength

[9] The expiration date of Cu wire

© 2021 ROHM Co., Ltd. P. 2




[1] Reason for change

[ Confidential |

[Reason for change]
*Cu wire is more dominant in electrical characteristic, mechanical characteristic, reactivity with the

aluminum (Intermetallic compound), conductivity and Wire sweep in MOLD than Au wire.
*To maintain our competitiveness by minimizing our use of gold which the market price continues to rise.
This will be a major parts of cost reduction plan.

Average price of gold [JPY/g]

*TANAKA PRECIOUS METALS ‘
6,122

7,000

6,000 - -
| Approximately 3.8 times |

5,000

4,000
/ 206 1,619
3,000 .

IPY/g

4,564 After the following page, we attach contents for
3,477 change and an evaluation result.
For a change, please examine it.

2,000
1,000
0

1995 2000 2005 2010 2015 2020
Year

© 2021 ROHM Co., Ltd. P.3




[2] Changing points and production results

| cConfidential

[Changes]

*Change the wire material which connects silicon die and leads to Cu from Au.

*Because there is the fear that halogen in mold resin causes junction corrosion of aluminum/Cu, some packages were
changed to the halogen-free resin.

X Please refer to “Change Point in 4M_English.pdf”.

Before

Cu wire

Au wire

=)

&

(Manufacturing record]

Our assembly facilities in Thailand and Philippines are both capable of processing copper

Wires. Production started in April 2010 and we have already manufactured more than 1,530 million pcs in most recent
one year. The products are used in various customers’ applications including car navigation, TV, games, mobile set and
other consumer device. Approximately 50% of overall production ratios are copper wire products at present.

(this calculation: use wire length)

Apr. 2010~Sep. 2015 : Total about 4,362 million pcs

Apr. 2014~Mar. 2015 : Total about 1,530 million pcs

Apr. 2018 ~ Mar. 2021 : Total about 4,277 million pcs

© 2021 ROHM Co., Ltd. P 4




[3] Risk analysis for the change @

| Comparison list of materials properties |

Gold Copper
Wire Wire

Itern

A merit and demerit of the coppe!

Electrical resistance | 2.2u0- cm | 1.7uQ- cm (Reduction of Ron

Examination Result

There is no problem in an electrical characteristic.

Thermal conductivity  |320W/mK. A00WImIK Higher thermal cenductivity of package There is no problem in an exothermal.
Ultimate tensil
100MPa 210MPa Reduction of wire sweep The wire sweep rate is equal.
strength
Reaction Rate for IMC |1.1x10-14 1.9x10-16 ) ; y . "
Lower late for Intermetallic compound formation The Kirkendall void does not occur in 4,000 hours either.
Formation wiAl @150°C |cm2fs cm2/s
Ciiey By the bond profile for exclusive use of the copper wire,
TaGPa 130GPa Higher energy (Ultra sonic and Force) for bonding we do the limit evaluation of each parameter.

(Young's modulus)

We decide a production margin by the result.

Specific gravity 19.3g/cm3 |8 .96g/em3  |Lightweighting of the package

There is no problem to package weight.

Coefficient of

14.2) /K [16.5) VK|S
thermal expansion i i e

By the evaluation result of the TCY examination,
there is no problem to coefficient of thermal expansion.

Before use: Wire storage and the expiration date

Before use: By an evaluation result, there is no problem.

o Not o
The oxidation Nesition G Formation of [Using: Control of gas flow quantity and the density Using: By an evaluation result, there is no problem.
and corrosion axide Eiyer oxide layer [After use: Reliability examination under the water environment After use: By an evaluation result, there is no problem.

[ Confidential |

~*Elucidation of the comosion mechanism with the impurities element of resin

The Cu wire is more dominant for an electrical characteristic and a mechanical
characteristic than a Au wire. We take measures of the corrosion by the elucidation
of the corrosion mechanism and experiment of the processing point.

© 2021 ROHM Co., Ltd. P.5




[3] Risk analysis for the change @ ROHM

DRBFM work sheet  (Design Review Based on Failure Mode)

s A oneuluston Confidential
Mo. : DRBFM-15-0001 Material change_of bonding wire @ Sure prospect A Not yet deal with
Date: 2015/6/22 Author: Motoharu Haga (&) On evaluation x NG
jion: 15t editon DR rember Concerned people in package development department ey
2w Materials ':"y;"‘"“"" about How the materials are caused Gountermeasures in order to remove the concern FRecommendsd reaction (ss & result of DREFM)
83t Chance / Modiation oo e | ower tor o | cvtomer S ich shotdbe_i-ahare] e which should b [1n-sharg] oo wich shotave[in-anare] o, Fo28S0
N cmponent materials. Factor / Cause ,DREFM)' Designe. Evalustion Production reflected in design from ’ reflected in evaluation v reflected in production v
© (Failure mode) | (DRBF M) N DRBFM Dead line from DRBFM Dead line from DRBFM Dead line
property . Hoas purpc characteristics. reurrent Disabl Au and Cu was satisfied . ‘of Au and Cu
Hisher heat Pe Characteristi ation due to Property ] Each d ty Property confirmati
i R [P oo o | - (oo - = el i - e
Higher lensie st 1t ball do e of | Proa the Specifi N e “ h
“ b ! formation Dbl Force vs US <ot marin - = O an e adusted O e sdsted n
T
[ oetos b e o0 et vt | et e S e oo
Soen i A oot contact lack of ner matalc formation Disebl Forea va US etup margin o = O can e austed O be adustedin
T e
None purpose | o ey PAD crack Incresse of damage to PAD Disable Force vs US. setup margin Margin was checks . can be adjusted . ‘be sdjusted in
e = P
None supose | 1ot apen T neck cut by theme ycle Dibies - - - - e o onwn | @ - A
s PKG inside investigation o
= s arrsr ron
200 apen 2 crocert by thomu! Dibies - - - - [ e o @ - A
. ycling test PKG inside investigation o
e P oo sroon e PSS LTI (= oo
o S s o | e forrie
e ST B Cerep— (=
20d opan die o 1o cside i between wire and — - e evtuton o (ol s oparing - = [ e wes checkes hen s flow or Clrfeston of priod
b o e et 35| e was cuskd | @[ b g L Ao
E— T T o
Process [ Bonaingpofte [ Horserwre [ Shoruete i tos Oiaed [ thiknes thicer - - Dovicelomation . - - - = ickness ticker thao
under than 1.3um 1.3um
7
E. vt of e 02AD - et v | et e , I S st o
.. under PAD srack “doe o overmach US Oissled e s et merein T o ] 0 e adisted n
il [ oectosbord g o0 | et vt | et e - T N T B s
NEE los contact lack of US . Force vs US et margin ohc can b sdustad e sdustedin
NERR Artioxdant Decine of bond strength due Production within the [Machines stop sutomaticah] Ciarfcston of
el st of 01 | i e [ 141080 e 1o 1o cside i between wire and Diabed - Margin sabiton of | i of o fow and - = [ i ves checkes | @ hen s flow or o | eoreneter or
st I e
i [ ] [ 1 et vt | et vt e B} I [— et pramtr o e o o
E I material under PAD crack ‘due to overmuch US. Disable Force vs US setup margin ‘materisl change sample . can be adjusted . be sdjusted in
ik
g 1ot open due o Decline bond strength due to - Watrix valuston of | Procuction within the ~ | —— B — oerameter which can
i oot sontae ek o U8 Disabled v e U e martn et | © e s . pwiveth
P et o bod g e , et vt | et e - I [ s e
lost contact 1o lack of US Disabled. Forco vs US etup margin materil chango sample | ® ‘can be adusted o o adjustod in
oo | T | st [o——— — Y E—— - T | | o | g o]
aum thiter| 479 | g D crack s o ovarmach US jose o moren =ty can e sstod o ticknoss chans|
procese | Vit contact lac of US Disebl Forea va US <ot marin e O can be adusted 0 e adustedin
e Rl et i [ r con e I ey ot
Wire sweep Short due to wire [Short due to bigger wire sweep| Confirmation of Production within the [Wire sweep ratio is equal Current mold
ratio None purpose ‘touch ‘than Au wire Disabled - molding parameter setup margin - - o Au . 0 problem . parametar has o
vl
Process. Bonding profile | Short due to Over US caused by abnormal Capillary life Life control and Machine stop automaticaly Clarification of
Y- Do
[ 1 [ BT - T PSS, [—
oot o ooy e i i i el B rrpeemeives] L It
T g o e o st i Cerep— e
oparing mion o st o aside i betwasn wrs and Dibies - M ovsston of |70 er i - = | o ves checkos | @ o gas fow o |Clitesionoferied
bag contact PAD or lead e peries v nylon bag. sbnormal | i n producti
Packing | Mare cesiy | 1ot and 20d open [Decrense of bond strengtn due N e, it spocial i
Pl o aside i betwasn wrs and Dibies - Surooe e of - - = &=t || o - = oae an o e
wire. Ay PAD or lesd unopen - e e ol
S o o
[P oectos bod g o 0 P— st ped /A
e

© 2021 ROHM Co., Ltd. For an extraction risk, we experiment on validity by the evaluation after the following page. P.6




[4] Evaluation contents for the changing risk

[ Confidential |

R Rk ftem N easuring m achine Criterion
| ®BaSIC evaluation | Strength com parison [Sheart®estM C More thanCp : 1.33
1stBallSh
stoafishear Breakm‘ode M roscope X 200) [Reference®]
com parison
Strength com parison [PulltestM £ [Wore hanCp : 1.33
W ire pullest
P Breakm‘ode M troscope X 200)
;om T(arsc:jn [Reference®]
Peeltest rea m‘o © M troscope X 200)
com parison
UnderPAD Crack M troscope X 500) [Re®rence @]
[W Ire sweep |X—rays m achne Less than 10%
L Eem TestC ondition Judgm enttin e Amount M n Criterion
@Reliability test | £ = LT : _
. . W arranty conditon E kctrcalcharacterstc
Resistance © solderng heat Levellor3 22pcs Lot o
every package type SAT Oebm natbn)
° [}
H ghl acce kated stress test ISOBCf % 192h 22pcs BLot | E kotricalcharactersto
Pressure Cooker 121°C/100% 192h 22pcs XBlot E kctricalcharacteristic
] 150°C/65°C . L
Tem perature cyclng test . 500cyc 22pcs Xlot E kctrcalcharacteristc
30m n/ICyck
H &h &m perature storage st 150°C keep 2,000h 22pcs X3Lot E kctrcalcharacterstc

[Reference®] Corrosion mechanism
[Reference®~®] 1st bonding confirmation after mold resin de-cap

We judged that a change was possible by confirming the item mentioned above.

© 2021 ROHM Co., Ltd. P.7




[Reference@]Shear test Criteria

[ Confidential |

\

Shear stress

Test method

Shear Strength

®25um, 30um: More than 200mN I

Broken Mode

Aluminum attaches under 1st ball

®35um: More than 300mN

There is a sliding mark on the PAD.
Shear tool

The standard of copper wire is The copper wire broken mode
\ the same as gold wire. is different from gold wire. /
Cu wire Au wire

Nom alm ode Abnom aTm ode Nom alm ode Abnom aTm ode

0nte
PAD
goH rem ander No goHd rem ander
Under Because the gold wire breaks in 1stball,
1stBall we do not confirm the under 1stball.

ALm nhum adhesbn No Alm hum adhesbn

© 2021 ROHM Co., Ltd. P. 8




[Reference®@]Pull & Peel test Criteria

[ Rrkan Moda |
/ Pull test method / Broken Mode

We raise a wire in the arrow direction in a loop TOP part.
We confirm strength and break mode at that time.
® and ® is NG judgement.

@ball neck

\

@Crescent

Pull strength

@®25um: More than 40mN
@30um: More than 60mN
@35um: More than 80mN

@Wire oneself

K Wealllift ®Crescent lift . /
k The standard of copper wire is the same as gold wire. /
[ el tost method |
[ | Peeltest method | .

We raise a wire in the arrow direction by tweezers.

We confirm break mode at that time.

® is NG judgement.

*The judgment of the peel test is severer than 2nd pull test.

© éﬁ?1 ROHM Ca._Ltd / P.9




[Reference®]Under PAD Crack Criteria

TRE-F
NG Mode

AWMode | FoUERTEADE

B Mode [LyD6 &5& 50 MBLARIER

AE R R OAER 1/F

A m and abilty value

Th standard Bveldierent from aWays

M easuring m ethod and point

Jb-29vy
Cratering

<HIE B iEMeasurng m ethod >

TG . 5005 TR
W Lroscope X500

Em - PADLE
Focus: Surface ofPAD

HEEE
Judging
standard

BRABRI LY DL

An interlamellar does not have crater

Toav
Action

EERIT

The production continuation

EES
Crack

<HE A iEMeasurng method >

TG . 5005 TR
W Lroscope X500

cPADEF
Focus: Surface ofPAD

Judging
standard

EREOBRVIL

An interlamellar does not have crack

EElRIC Kiale
An interlamellar have crack

Toav
Action

EFERAT

The production continuation

DifiAE BUPETTD

© 2021 ROHM Co., Ltd.

The standard of Cu wire is the same as Au wire.

Confidential

P. 10




[5]List of the evaluation item

[ Confidential |

POWER series SOP series HTSSOP series QFP seres QFN series
T0 2523 S0P8 HTSSOP-A44B20 VOFP43C VO FN024V4040
= 5.0 w I
Representatve | = s
*q 2 | ol rﬂji\j
package type SN
2302, | jaez _Llioes H=1.71Max.
Judgm ent Judgm ent Judgm ent Judgm ent Judgm ent
1stballD &./Thick. [@] [@] [@] [@] (e}
- [Tstballshear st [@] [@] (e} (e} (e}
£ [Wre puliest @) @) (@) [®) [®)
= [Peeltest O O O O O
& [UnderPAD C rack (e} (e} @) e} e}
2 Secton analysis [@] [@] (e} (e} (e}
@ [Process conditon confim aton [e] [@] [@] (e} (e}
[Wire sweep @) @) (@) [®) [®)
+ [Resbiance b solerng heat [e] [@] [@] (e} (e}
& [Hghl accelated stress test [@) [€] [€] [@] [@]
% Pressure Cooker [@] [@] (e} (e} (e}
% Tem perature cyclng st [€] [€] [€] [@] [@]
az  [H gh m perature storage st [@) [@) [@) [@] [@]

We classified packages and, in the representative package,
evaluated all items. The result does not have any problem.

© 2021 ROHM Co., Ltd. P. 11




[5-1) Basic evaluation result @

[ Confidential |
| Basic evaluation result | Shear Test PullTest
Au@2bum |Cud>25um Aud2bum |Cud>25um
Standard M ore than 200m N M ore than 40m N
Pacl_<age. SSOP5 [rax 391 384 109 76
Device Name: BD2232G |/_\VE 34 34 93 122
M h 794 797 79 96
T 3056 7796 10.64 T5.81
Tp 54 769 166 72
n=22wirex3LOT n=22wirex3LOT
400 175
_ 350 —. 150
bz Z
E 809 E 125
gy S 100 I
5 20 3 =
& & 715
D 150 "+ AVE @ —Standard
8 100 St — T 50
o —Standard o
? g 25
0 0
Aug25um Cug25um Au@25um Cu@25um

There is not the significant difference in shear strength, wire pull strength about ability for process.

The breaking mode does not have any problem, too.
© 2021 ROHM Co., Ltd. P. 12




[5-1]) Basic evaluation result @

[ cConfidential

Basic evaluation result
*Appearance observation
with the SEM

*PAD crack observation

Package: SSOP5
Device Name: BD2232G

Basic evaluation result
*1st bond junction

Enough aluminum is left right under 1st ball, and a joining state does not have any problem.
| show the detailed analysis result of the junction by the TEM on the following page.

© 2021 ROHM Co., Ltd. P. 13




[5-1) Basic evaluation result @

[ Confidential |

| Basic evaluation result: Confirmation of the alloy layer by the TEM I

Lattice constant

TEM image SEM image
7] . ‘ : =1 Lattice spacing (A)
| AL Green — o313.80~3.00)
Cu9Al4 2.9 300
CuAl2 3.0335 200
CuAl 2.83 202
E Lattice spacing (A)
Pink 7 8a(7.60-17.99
2.05 330
1.99 331
P . S 5608 AN DG T | e ey CusAl I— 95— T4 20
1.9 421
CuAl2 1.91 310
1.9 202
CuAl 2.023 310

/—| Schematic view of the junction l—\

A
[Calculation method] CugAl,
Diffraction spot distance: LA=dR CuAl, 100nm
L: Camera length, A: Wavelength of the electron beam
D: Diffraction interval, R: Distance between spots Al

Standard: Si(111)®LA : 8.02688x10-12 (m2)

Result: It fitted Lattice constant of Al,Cug(3 0 0 ) and Al,Cu(2 0 0). An alloy layer of approximately

9 100nm exists after WB.

© 2021 ROHM Co., Ltd. P. 14




[5-1]) Basic evaluation result @

[ Confidential |
| Basic evaluation result: Section observation in the HST4,000h
Initial Phase diagram of AgCu

) wt %

C 5 10 1520 25 30 35404550 60 70 80 90
o ‘ D 152025130 85404550 10,822
10001960, 5 /
900 < e :[

800 ~ = Long i

“ag | /1.1 39.9 95.1

HST 4,000h

3 |
o/ \
SOOl \

400

300 "1
0.35 >99. 94
10 20 30 40 50 60 70 80 90 100

at% Cu

200
Ag

Generally, in the inner lead of IC parts, there is Ag plating on the Cu frame.

Thus, the Cu wire joins it to an Ag plating. Ag and Cu show a eutectic reaction in the phase diagram.

For example, the compound is not formed in this temperature or less because the melting point (eutectic point) is around 750
degrees.

Thus, the joining of Ag-Cu is stable as above even after HST test (150 degrees 4,000h).

Because the joining of Ag-Cu does not have a compound, there does not corrode in HAST or PCT.
© 2021 ROHM Co., Ltd. P. 15




[5-1) Basic evaluation result ®

| Basic evaluation result: Wire sweep I

mml Ll ][]/
Comparison i
photograph [

[ cConfidential

Package: VQFP144

Wire Dia.: @25um(Gold & Copper)

Loop Height: 180um

Wire Length: MAX 4.0mm

¥ Because the QFP shape has a long wire,
it is easy to compare the sweep ratio.

n=22wirex3LOT

6.0 ——Au Wire ||
55 —=—Cu Wire
5.0 /{\

45 - l

Wire Sweep [%]

o —
' 1
iy A

25

2.0

A B C D

Observation position

In the same X-rays observation condition (the current & voltage),
it becomes hard to see some copper wires.

It meet the standard within 10% of wire sweep rates, and there is not the significant difference.

© 2021 ROHM Co., Ltd.

P. 16




{5-2] Simulation result @ | Stress analysis in the constant load (25g, 85g) |

[ Confidential |

| Stress simulation result I 25g _| Transformation |—> 85¢g

213.3 MPa

Au Wire

298.4 MPa

1st Ball transformation
by the force change

528.8 MPa

Cu Wire

490.0 MPa
i
\

0 120 210 360 180 InaCu Wil’e,

It is 1.64 times of the Au wire with 25 g.
It is 2.48 times of the Au wire with 85 g.
© 2021 ROHM Co., Ltd. It takes stress under of the 1st ball edge. P. 17




[5-2] Simulation result @

Stress analysis in the bonded 2nd crescent shape |

| Stress simulation result |

© 2021 ROHM Co., Ltd.

Because the element (mesh) of the bonded tail shape becomes small,
we cannot analyze under the constant load.
We carried out the simulation in the heteromorphic process.

The figure shows the stress
size to silver plating.

Au Wire
Max: 137.596MPa

Confidential

— = o Cu Wire
0 83.9937125.99 167.587209.984251.981293.978335.975 —— Max: 289.967 MPa

The Cu wire becomes 2.1 times stress of the Au wire.

P. 18




[5-2]Process margin result @

| Matrix evaluation result of the 1st bond I

Package: VQFN020V4040
Device Name: BD9141MUV
Copper Wire Dia.: 30um

Production
margin

TYP+10gf

1stBallS ze
ShearStrengt € pk)
ShearM ode PAD
ShearM ode Ballside
NSOP Q8W ire/LC)
UnderPad C rack
1stBallS ze
ShearStrengt € pk)
ShearM ode PAD
ShearM ode Ballside
NSOP Q8W ire/LC)
UnderPad C rack
1stBallS ze
ShearStrengt € pk)
ShearM ode PAD
ShearM ode Ballside
NSOP Q8W ire/L)
UnderPad C rack
1stBallS ze
ShearStrengt € pk)
ShearM ode PAD
ShearM ode Ballside
NSOP Q8W ire/LC)
UnderPad C rack
1stBallS ze
ShearStrengt € pk)
ShearM ode PAD
ShearM ode Ballside
NSOP Q8W ire/LC)
UnderPad C rack

U'ltra sonic n A]

TYP-10m A TYP TYP+10mA TYP+15mA T

1.75

Confidential

YP+20m A

1.74 1.96 .
0/66PAD [0/66PAD [ 0/66PAD 0/66PAD 0/66PAD
0/66Ball [ 0/66Ball| 0/66Ball 0/66Ball 0/66Ball

0/4921C

0/66PAD

0/66PAD | 0/66PAD

0/66Ball

0/1921C

0/1921C

1.88

0/66PAD

| 1.70
0/66PAD 0/66PAD
0/66Ball 0/66Ball
0/921C 0/921C
0/66PAD 0/66PAD

1.69

1.92

0/66PAD

0/66Ball

0/66Ball

0/921C

0/4921C

0/66PAD

0/66PAD

0/66Ball

0/4921C 0/4921C

0/66PAD

0/66PAD | 0/66PAD 0/66PAD

0/66PAD

In force[g] and US[mA] matrix condition, we confirm it to the range beyond the production margin and decide

a final production condition.

© 2021 ROHM Co., Ltd.

P. 19




[5-2] Process margin result @

[ Confidential |
| Appearance observation of the 1st bond |

UTra sonc mA]
TYP-20mA TYP-T5mA TYP-T0OmA TYP

TYP+10m A TYP+15mA TYP+20m A

Force [g]

TYP+

There is no abnormality to 1st ball diameter thickness and quantity of aluminum splash.
© 2021 ROHM Co., Ltd.

P. 20




[5-2]Process margin result @

[ Confidential |

| Broken mode confirmation after the share test (On the PAD)

UTra sontc M A]J
TYP-20mA TYP-15mA TYP-TOmA TYP TYP+T0m A TYP+T5mA TYP+20m A

TYP5ef | TYPH0gf

Force [g]
TYP

TYP+5gf

TYP+10gf

There is a sliding mark on the PAD, and there is no abnormality.

© 2021 ROHM Co., Ltd. P. 21




[5-2]Process margin result @

[ Confidential |

| Broken mode confirmation after the share test (Under 1st Ball)

UTra sonc M AJ
TYP-20m A TYP-15m A TYP-10m A TYP TYP+10mA TYP+15mA TYP+20m A

TYP-10gf

TYP-5gf

Force [g]
TYP

TYP+5gf |

TYP+10gf

Aluminum attaches under 1st ball, and there is no abnormality.

© 2021 ROHM Co., Ltd. P. 22




[5-2]Process margin result @

[ Confidential |

| Confirmation of under PAD crack |

Ura sonic mA]
TYP-20m A TYP-T5mA TYP-T0mA TYP

TYP+710mA TYP+15mA TYP+20m A

Under PAD crack

Force [g]

TYP+10gf

In the production margin, there is no under PAD crack.

© 2021 ROHM Co., Ltd. P. 23




[5-2]Process margin result @

Confidential

U ttra sonic A1
TYP-30mA TYP-20mA TYP-10mA TYP TYP+10mA TYP+20mA TYP+30mA
. . . .

0/66W ire |
0192

| Matrix evaluation result of the 2nd bond I

PullCP d K
PeeIM ode i 0/66W ire

066W e [046W ire 0/66W ire

Package: VQFN020V4040 ShortTail @8N ie/L) 0/92C | 0/492C | 0/92E | 0A492F 0/192F
Device Name: BD9141MUV NSOL @8W re/C) 041921 0/921 041921 0/921 04921
. . BumrofC rescent i 066W e | 066W e |066W e | 066W rre 0/66W ire 0/66W ire
Copper Wire Dia.: 30um PLICP _ : 3 7
PeeIM ode 0/66W ire 0/466W ire
ShortTail @8W ire /) [ 0/192% 0/192%
NSOL @8W re/k) 0/192C 0/192C
Producuon BumrofC rescent i i 0/66W ire 0/66W ire
. PullcP ] ] 782 788
margin PeeIMode i i 066N 1© | 0/66W ie
o

ShortTail @8W ire/IC) 04921 04921
NSOL @8W ire/C) C 01921 01921
BurrofC rescent 0/66W ire 0/66W ire
PullCP . d 1.79 1.86

PeeIM ode i i 0/66W ire 0/66W ire
ShortTail @8W ire/IC) 04921 04921
NSOL @8W ire/C) 04921 04921
BumofC rescent i i 0/66W ire 0/66W ire

TYP+10gf

" PullCP ] ] . . . 1.81 1.82
20 PeelMode i i 066W e [0/66W ire | 066W ire 0/66W ire 0/66W ire
% ShortTail @8W ire/C) 04921 04921 04921 04921 04921 04921 04921
% NSOL @8W ire/C) 04921 04921 04921 04921 04921 04921 04921
BumofC rescent 066W ie | 066W ie | 066W ie [066W ire [ 0466W ire 0/66W ire 0/66W ire

In force[g] and US[mA] matrix condition, we confirm it to the range beyond the production margin and decide a final
production condition.

© 2021 ROHM Co., Ltd. P. 24




[5-2] Process margin result @

[ Confidential |

UTra sontc mA]J

| Appearance observation of the 2nd bond |
TYP TYP+10m A TYP+20m A TYP+30mA

TYP-30m A TYP-20m A TYP-10m A

| TYP-0gf | TYP20gf

Force [g]
TYP

TYP+20gf | TYP+10gf

There is no abnormality without a crack or a wound in the Crescent.

© 2021 ROHM Co., Ltd. P. 25




[5-2]Process margin result @

Confidential

| Confirmation of the broken mode by peel test |
UTra sontc mA]J
TYP30m A TYP20m A TYP-T0m A TYP TYP+T0mA TYP+20m A TYP+30m A
- = 5 =
5 3 N
S i ] 4 . P :
| e 6 & & ¢
= E r -3 i >
«
oo
(=3
a
=
=
o [ F
o “
& _ -
w
oo
=3
v
=N
>
—
— e 2
oo ¥ %
(=Y foe. s
o % tl
4R &
<
= & ha

© 2021 ROHM Co., Ltd.

Crescent remains on the lead frame, and there is no abnormality.

P. 26




[5-4] Reliability test evaluation result

| Solder heat resistance test I

Package: SOP16

Preprocessing condition: 85°C/85% 168h(Moisture absorption)
Reflow condition: 3 times (260°C peak)

Criteria: There is no delamination on the Chip.

[Result] Pn/n

Confidential

Wire materials Copper wire Gold wire
Initial 0/22 0/22
After test 0/22 0/22
cuwire  (=22pcs) Auwire  (=22pcs)

hital Afer test

Afer test

For solder heat resistance, there are not difference between Cu wire Au wire.

© 2021 ROHM Co., Ltd.

P. 27




[5-4] Reliability test evaluation result

[ Confidential |

| Reliability test result | Criteria: Check with electrical characteristic (Pn/n)

Cowire ~Auwie

TestCGondition Package TestC onditon Package

i OP-A4% | 0/66pcs | 0/66pcs i UP-A4F | 0/66pcs | 0/66pcs

HAST HTSSOP-B20 |0/66pcs [ 0/66pcs HAST HTSSOP-B20 [0/&6pcs [ 0/66pcs
130°C 85% VQFP48C 0/66pcs | 0/66pcs 130°C 85% VQFP48C 0/66pcs | 0/66pcs
. VQFN024V4040 |0/6pcs | 0/66pcs | . VQFN024V4040 |0/66pcs | 0/66pcs |
Bas 0P8 0/66pGs | 0/66pGs | Bas S0PS 0/66pcs | 0/66pGs |
T0 2523 0/66pcs | 0/66pcs T0 2523 0/66pcs | 0/66pcs

TestCondition Package TestC onditon Package

H 0P-A44 0/66pcs | 066pcs H 0P-A44 0/66pcs | 066pcs

HTSSOP-B20 |0/6pcs | 0/66pcs | HTSSOP-B20 |0/6pcs | 0/66pcs |

PCT VQFP48C 0/66pcs | 0/66pcs | PCT VQFP48C 0/66pcs | 0/66pcs |
21°C/100% VQFN024V4040 [0/66pcs | 0/66pcs 121°CA00% VQFN024V4040 [0/66pcs | 0/66pcs
SOP8 0/66pcs [ 0/66pcs SOP8 0/66pcs [ 0/66pcs

T0 2523 0/66pcs | 0/66pcs | T0 2523 0/66pcs | 0/66pcs |

TestCGondition Package TestC ondition Package

i OP-A44 | 0/66pcs | 0/66pcs | 0/66pcs i OP-A44 | 0/66pcs | U/66pcs | 0/66pcs

ey HTSSOP-B20 [0/66pcs | 0/66pcs [0/66pcs oY HTSSOP-B20 [0/6pcs [ 0/66pcs [0/66pcs
150°C /65°C VQFP48C 0/6pcs | 0/66pcs [ 0/66pcs 180°C £65°C VQFP48C 0/6pcs | 0/66pcs [ 0/66pcs
- VQFN024V4040 [0/66pcs | 0/66pcs | 0/66pcs ; VQFN024V4040 | 0/66pcs | 0/66pcs | 0/66pcs
60m n/leye) 0P8 0/66pcs | 0/66pGs | 0/86p6s | 60m n/leye) 0P8 0/66pcs | 0/66pCs | 0/86p6s |
T0 2523 0/66pcs | 0/66pcs | 0/66pcs T0 252-3 0/66pcs | 066pcs | 0/66pcs

TestCond ition Package TestC onditon Package

H 0P-A44 [ 0/6pcs | 0/66pcs | 0/66pcs | 0/66pcs H 0P-A44 10/46pcs | 0/66pcs | 0/66pcs | 0/66pcs

HTSSOP-B20 |0/66pcs | 0/66pcs | 0/66pcs | 0/66pcs | HTSSOP-B20 |0/6pcs | 0/66pcs |0/66pcs | 0/66pcs |

HST VQFP48C 0/66pcs | 0/66pcs | 0/66pcs | 0/66pcs | HST VQFP48C 0/66pcs | 0/66pcs | 0/66pcs | 066pcs |
Keep 150°C VQFN024V4040 [ 0/66pcs | 0/66pcs [ 0/66pcs [ 0/66pcs Keep 150°C VQFN024V4040 [0/&6pcs [ 0/66pcs | 0/66pcs [0/66pcs
SOP8 0/66pcs | 0/66pcs | 0/66pcs | 0/66pcs SOP8 0/66pcs | 066pcs | 0/66pcs [0/66pcs

T0 2523 0/66pcs | 0/66pcs | 0/66pcs | 0/66pcs | T0 2523 0/66pcs | 0/66pcs | 0/66pcs | 066pcs |

© 2021 ROHM Co,, Ltd. There is no problem in both of a Au wire and the Cu wire. b 28




[Reference® ] Corrosion mechanism

[ cConfidential

The 1st bonding junction is corroded in HAST by a kind of the resin.

Pitting corrosion: Much CI- (minus) gathers in applied voltage Pin.
A metal surface covered with oxide corrode partially CUgAl,+12CI—4AICI,+9Cu
2AICl,+30—Al,0,+6C |

By chlorine in MOLD resin, aluminum ionizes.
The electron reacts to the 1st ball neighborhood with an

existing metal salt and hydrogen ion.

3Cl, moves inside

Chlorine occurs with the alumina formation, too.
For the inside of the 1st ball junction,
the reaction is cyclic.

Cl-

[HAST test result]Pn/n

The defectiveness is electrical opening. [Section observation]

Addition rate | HAST CugAl, becomes extinct, 1st Ball
100h 200n | 300h | 500k and alumina (Al,O,) is formed.
0 1222 | 1822 | 220 | 2222
TYP-80% | 0/22 0i22 0/22 5/22
TYP-40% | 0722 0i22 0i22 0/22
T bem | D | DR | DR This white line is CUAl,.
TYP+20% | /32 0i22 0i72 /22

Defectiveness is caused by the additive quantity (ion trapper) like the table mentioned above.

We confirm that there is additive quantity of all mold resin with the most suitable value (TYP less than +£10%) on actual HAST.
© 2021 ROHM Co., Ltd.

P. 29




[Reference®]Shear strength change (HAST:192h)

© 2021 ROHM Co., Ltd.

Shear strength [mN]

Shear strength [mN]

[ cConfidential

HAST HTSSOP-A44 (n=12pcs)
600
500
= P,
00 —
300
——No.23(+)
200 -=No22 [
100 —+—No.21(+)
No.20
0 ‘ ; : ‘
0 50 100 150 200 250
Test time [h]
HAST VQFP48C (n=12pcs)
600
500
400 V= =
x_‘
300
——No0.23(+)
200 =No22 [ . .
. ~No.21() In HAST192h, there is no abnormality
No.20 .
0 ‘ ‘ in share strength and a broken mode
0 50 100 150 200 250 - oy ) )
Test time [h] The number is Pin No. “+” is voltage applying (bias).

Share strength standard: More than 200mN

There is the meaning that it is as a result of bias examination only.
PCT, TCY, and HST do not have bias.

However, | check a share test in same Pin.
P. 30




[Reference®]Shear strength change (PCT:500h)

PCT HTSSOP-A44 (n=12pcs)
600
_ 500 |
z R
E 400 te—c—
£ -
j=3
£ 300
K ——No.23(+)
g 200 -=-No.22
3 —+—No.21(+)
@ 100 No.20
8 ‘ : ‘ ‘
0 100 200 300 400 500 600
Test time [h]
PCT VQFP48C (n=12pcs)
600
_ 500
= — =S
£ 400
5
5 300
7 ~No.23(+)
§ 200 —=No.22 [
= —No.21(+)
@ 100 No20 ||
0
0 100 200 300 400 500 600 ) )
Testtime [h] In PCT500h, there is no abnormality
Share strength standard: More than 200mN in share strength and a broken mode

© 2021 ROHM Co., Ltd. P. 31




[Reference@]Shear strength change (TCY:500cyc)

© 2021 ROHM Co., Ltd.

TCY HTSSOP-A44 (n=12pcs)

600

500
Zz
E, 400 = ¥
s =
2 300
o
@200
©
2
& 100

0
0 100 200 300 400 500 600
Cycle amount [cyc.]
TCY VQFP48C (n=12pcs)

600

500
= i
E, 400
c i e—
2 300
o
@200
©
2
& 100

0
0 100 200 300 400 500 600

Cycle amount [cyc.]

Share strength standard: More than 200mN

In TCY500cyc, there is no abnormality
in share strength and a broken mode

P. 32




[Reference®]Shear strength change (HST:2,000h)

© 2021 ROHM Co., Ltd.

Shear strength [mN]

Shear strength [mN]

600

500

400

300

200

100

600

500 |-

400

300

200

100 |

PCT HTSSOP-A44 (n=12pcs)

500 1000 1500 2000

Test time [h]

PCT VQFP48C (n=12pcs)

2500

e
b
i

500 1000 1500 2000
Testtime [h]

Share strength standard: More than 200mN

2500

Confidential

In HST2,000h, there is no abnormality
in share strength and a broken mode

Because an intermetallic compound grows up,
the share strength decreases.
However, it meet a judgment standard.

P. 33




[Reference®@]1st ball section photograph

[ Confidential |

TstBal The Eftedge The rentedge

Package: VQFN020V4040
Device Name: BD8305MUV

hital

There is no abnormality in
the section joining state of
the 1st ball after each
reliability.

M An alloy layer
(Intermetallic compound)

HAST 200h

PG T 500h

grows up most in
HST2,000h.

TCY 500cyc

HST 2,000h

© 2021 ROHM Co., Ltd. P. 34




[5-5] Electrical characteristic result @

[ Confidential |

| Wire resistance I Calculating formula

Q=p(L/S)
p: Ratio resistance
pP(Au)=2.3 / p(Cu)=1.7

Gold wire resistance ——@25um Copper wire resistance | —* #25um
0.35 —=—@30um 0.35 —#—@30pm
——@35um ——@35um |
0.30 0.30
__ 025 __ 025
e} / =)
8 020 8 o020
5 5
@ 0.15 - 2 015 et
* / - /
0.10 / e .6 /é.//'
0.05 :-//.r 0.05 ol /
0.00 . L 0.00 |
0 2 4 6 0 2 4 6
Wire length [mm] Wire length [mm]

The Cu wire is more advantageous about electrical resistance than Au wire.

© 2021 ROHM Co., Ltd. P. 35




SEMICONDUCTOR

[5-5]Electrical characteristic result @ ROHM

[ Confidential |

| Electrical characteristic |

0 utsde com pany buiding spec. Result Rato
fem Skn @ 25°C,50V; a Unit M easurem entcond iton Judgm ent
. . Mn. Typ. Max. Cuwire] Auwre|1-AuCu ]
DeVICe Name BD82065AFJ . @ kctrralcharackerste Ta=R.T., V=50V CN=T%
*change only wire materials with 0'peratng Current bb E 710 601124 1117 06 W EN=BV VU T=0PEN €]
the same device Standby Clirrent ET8 = 0°07 5 00 070 = BENEOV VEUTEOPEN @)
EN ' gh nputvolage VENH 70 = = T5 T8 00 ] @)
EN Tow nputvo lage VENT B B 08 T37 137 0 v @)
BN Rputcurrent Ef ENY 0°07 0 00 070 = BVENESY @)
A outputlo i Vo tage VOCT = = 05 005003 00 V0 C=05m A @)
A C outputleak current L0C B 0.01 1.0 0.0 0.0 B 4 [VOC=5V (@]
BC deky e T6C 70 75 76 V43351647 K s @)
0 Tes 6&nce RO = 70 710 7552 %9 G DUT=500m A @)
CurrentLin itf hresho T 5 7% 30 79577196 EXG A @)
Shortec rcuitcurrent RM S) BC 1.1 1.5 2.1 1.34 1.34 0.0 A [VOUT=GND,CL=474F O
Tutputree tm e TONT = 08 70 0456745 X s [FUET6% @)
0utputree deky tn TON2 B i 20 065 0,66 EN ns [RU=T00 @)
Ouputlit e TOFF B 5 20 30832 X ® [RT=T00 @)
Ouputfalideay tn e TOFF2 B 70 50 664665 ER ® [RT=T00 @)
Reverse kak current LREV - - 1 0.0 0.0 - 4 IVOUT=5.5V, VN=0V, VEN=0V O
UVLO Hgh Thresho d VTUVH 71 73 75 77956 | 2284 EW) V|V N atihe tn ¢ ofa rise @)
UVLO Tow Thresho i VTUVLD 70 77 7% 2159 2187 EX V|V athe t e ofa drop @)
4 ESD Dosis tolerata #Evaluation connection diagram
HBM: More than 2000V, MM: More than 200V Vin
1yF
The ON resistance becomes advantageous. GND
About other items, N
.. . . . IN
the characteristic change of Au wire and Cu wire is the same.
EN
© 2021 ROHM Co., Ltd. VENJ-_
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[6] Identification method

Evidence mark of
| Label specifications I Lot No. the shipment inspection

/

Device Name ——> BA1234MUV-E2 t /)
O R O |

Amount —> 2,000pcs. 0124A5110F
liliNﬂWlilJli“llllllllllHH‘%ll
|, BA1234MUV-E2

[K.YAMADA .,. wear m-u,'
MNo. 124 023 pcs. )

MNo. 124 024 pcs (Tﬂ@
B 1e0e N PHILIRPR)

Marking Lot No.

Device name
in the company

Lead free mark

[Example ] Grant of BZ

Gold Wire Copper Wire (Change
product)
BA1234MUV-E2 BA1234MUV-BZE2

The product name does not have the change.
We control it by the change of the device name in the company.

© 2021 ROHM Co., Ltd.

[ Confidential

P. 37




[7] Comparison of the quality control item

ROHM

SEMICONDUCTOR

© 2021 ROHM Co., Ltd.

[ Confidential

fem 1

ftem 2

Contents

Cu wire

Au wire

Materiaks storage

M aker recom m endaton
The expiraton date

Temperature 10~30°C, Hum dity Less than 70%
ess than 6 m onths from a producton date
1week aferopening, Vacuum and S ilcage |

Tem perature T0~30°C, Hum d iy Less han/0%
ess than 6 m onths from a producton date
The packing bag is unnecessary

ROHM contro Icond ition

Temperature 22~28°C, Hum dity Less than 60%
kess than 6 m onths from a producton date
1 week aferopening, Vacuum and S ilcage|

Temperature 22~28°C, Hum diy Less than 60%
ess than 6 m onths from a producton date
The packng bag is unnecessary

W B finshed sampk

Temperature 22~28°C, Hum dity Less than 60%
Strage nte phstc case

Temperature 22~28°C, Hum diy Less than 60%
Strage nthe phstc case

W B machhe contol

Fom ng gas

M xiure ratb ; H,5% : N,95%

Densty standard ; H,4~6%

The abnom aldetecton ;
Gas bkndermachie density contro)
G as cylnder (nspecton results by gas m aker)

The form hg gas & nonuse

Process contol|

Exam haton
w it the Cu¥ e change

Contolrenforcem entcontents

(tem /controlkevel/frequency)

The form ng gas voLm e
0.3540.10LA n
Abm with the fowmetermonibr

The form hg gas & nonuse

Capilary Ife
900,000 Bond
Monibrofte bond am ount

Capilary Ife
2,520,000 Bond
Monibrofte bond am ount

The w ire expiraton date
168 hours afierpack ng opening
Every each LO T confims a tme lin itatstarttme

The packing bag is unnecessary

UnderPAD crack
Capilary type change, Device type change
AIIPAD /chmp

UnderPAD crack
Package type change
AIIPAD /chmp

A'Tm hum splhsh standard

Satsfedw thnPad openng

Satsfedw thnPad openng

Method ofanalsis
Resihopenig method)

Medichalso Liton
facilites /cond itons

Shamen resnwith a laserdecap m achne
—N trathg acd (oom fem perature)

Laserdecap m achhe is unnecessary

We clarify the QC control item of a gold wire, the copper wire.
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[8] Quality control of the bond strength

Confidential |

| QC Control frequency I

QC Control Frequency

At the time of Capillary exchange or Device Change : 5wire/chip
(all chip/clamp)

At the time of Capillary exchange or Device Change : 5wire/chip

Control item
1st ball shear strength

Pull strength / Peel mode
(all chip/clamp)

Comparison between wire material LOT and QC control frequency
AmountofLOT

AssyLOT
W Ire T0
MateriaILO T M n.Case)
UG controll 3 3 3 3
frequency M nCase)| M nCase)| W n.Case)| M h.Case)| ¥ n.Case)

TO
M n.Case)
K] K]

M n.Case)

About the wire,
we inspect the delivery specifications from wire maker for the factory delivery.

X Data every materials LOT of “Breaking load & Elongation” are listed.
We don'’t carry out shear / pull TEST, Peel test by the assembly LOT unit.
There is more frequency QC control than wire materials LOT.

Thus, the difference of wire materials LOT is included in this.

© 2021 ROHM Co., Ltd.
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[9] The expiration date of Cu wire @

[ cConfidential

7days after opening the nylon bag

(previously stored in the sealed package)

Wire storage state Storage conditions: 25 deg C, rh50%

20

60

1 40

4
5?\&/Q—A -

—0— Elongation
=/ Breaking load
=/ Oxygen layer

Breaking load [gf], Elongation [%)]
o
Oxygen layer Auger analysis [A]

It is delivered in a vacuum state.
A Silicagel is bundled. 0

20
0 5 10 15 20

Keeping date as packed [month]

If a nylon bag is unopened,
no change on oxidized surface depth, extension and mechanical strength.
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[9] The expiration date of Cu wire @

[ Confidential |

*Store wire in the factory clean room
Before use *Use one fixed machine *No capillary change *Use same one fixed wire

*Do strength test at on fixed position (1st shear strength / Pull strength and the 2nd peel test)

650 - Shear Strength——— 250
600 Bl 56 tr? 2nd pull standard:
U STeng More than 60mN
550 200
z =
= 500 jREEsEsaRt SN E NP R pEe % 1st ball shear standard:
Jz:‘;:: 450 150 £ More than 200mN
S 400 =
b 30 ] ] I N 100 @ Peel standard:
% 300 MWWW% z There is the copper remain.
250 50
200 There is no abnormality
150 e o s o m m o m omoaosom oo D in the broken mode by peel test.
e Pl T T T - T T T S S B S S
Q © © [} T © © © ©® «© ®© T © © ®© ©
rg3IdeddiIe’reqd s
- - - - N &N N N N O

PeelTest (=80w re/cond fon)
Tday Tday Jday

Ref

T3day 73day 76day

Control standard (expiration date) is168 hours after packing opening.
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[9] The expiration date of Cu wire @

[ Confidential |

| Using Wire@Gas flow volume evaluation I X Wire Diameter: ¢25um

Off-centered Club Strawberry Void Incomplete melting

(Example)
Kind of abnormal Free Air Ball shape

0.1L/min 0.2L/min 0.3L/min 0.4L/min

Confirmation of the gas flow volume margin

»

Pn/n=13/200 Pn/n=0/200 Pn/n=0/200 Pn/n=0/200 Pn/n=0/200

Confirmation of the FAB size Specification of gas flow volume : 035+0.1L/min
45 Histogram  n=100ball  [AVE 48.0 For the initial ball formation, copper wire needs spark like gold wire.
> gg UUpper T 0'540 However, copper wire must do oxidization prevention.
g gg TowerTm & 6 The gas flow volume is controlled with the flowmeter on the machine and
2 13 ook 173 automatically stops it at the time of abnormality.
5 Work in hand LOT of the case is discarded.

| Tube for forming gas environment

Confirmation method of the size

Direct measurement from an SEM photograph
© 2021 ROHM Co., Ltd. P. 42




[9] The expiration date of Cu wire @

[ Confidential |

| Using Wire@Hz density evaluation I 3.0%H,- Rest N, 4.0%H,- Rest N, 5.0%H,- Rest N, 6.0%H,- Rest N, | 7.0%H,- Rest N,

*Wire Diameter: 25um
*The gas flow volume condition set it in
0.25L/min of the lower limit level.

Typical SEM photo (2) | Typical SEM photo (1)

o Evaluation on H2 density margin Sincomplete Evaluation on H2 density margin
melting
90% || || 400
80% — |_| mVoid _. 380
= Z 360
X 70% = E 340 . T
§ 60% — {— OStrawberry £
g o % 320 T T
§ o — — £ 300
8 0% | L ociub 2 280
30% — H 3 260
- | 2] . rymcTln f
20% mOfi- 240 This Criteria is
10% || || centered 220 more than 200mN
0% : : . . 200 :
” o » . o, | OPerfect
30%  40%  50%  80%  T0% | o 30%  40%  50%  6.0%  7.0%
H2 density[%]

H2 density [%]
n=200Ball / each condition n=22Ball / each condition

Specification of gas composite ratio : 5+1%H,-restN,
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