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1. REVISION HISTORY

000 | April 11, 2019 All Page Make specification
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

2. DEFINITION
2-1. PART No.

SFHG93AA402
©® @ ® @ ©® ®

No. EXPLANATION

@ | SAW Filter

@ | Design Type

3 | Center Frequency :2593MHz (2496 ~ 2690)
@ | Input:500hm,Output:500hm

® | Package size: 1.1x0.9mm?

® | Design Revision (02 : Molding Type)

2-2. APPLICATION : B41F RX Filter
2-3. SPEC
ESD Level HBM=200V

3. PRECAUTIONS

3-1. This device should not be used in any type of fluid such as water, oil, organic solvent, etc.

3-2. This is a hermetic device.
MSL(Moisture Sensitive Level) is the '2a’ level.

3-3. Ultrasonic cleaning shall be avoided.

3-4. Isopropyl Alcohol and Ethyl Alcohol can be used for cleaning. Contact us before using other

cleaning solvents than above

3-5. This is an electrostatic sensitive device.
Please avoid static voltage during operation and storage.

3-6. Sudden change of temperature shall be avoided, deterioration of the characteristics can
occur.

3-7. If any malfunction due to designing or manufacturing which is out of specification occurs
within one year after the products have been delivered, the maker should exchange the
defective products.
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4. OUTLINE DRAWING & DIMENSIONS

[Unit: mm]
—1.1£0.05 —=
D 4
;
11 R X |8
O X | &
o
{
2 3
e
T
(9}
o
0.05+0.04
o 3
o
2 _
2 1/ &
& o
o
. . g No. Function
5 4 g 23,5 Ground
0.2+0.03 0.220.03 =) 1 Unbalanced Input
0.2+0.03
4 Unbalanced Output
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5. MARKING
RJX
O X
5-1. RJXX

- The 1% 2™ character 'R J' indicates the model name of SAW Filter SFHG93AA402
- The 3" character 'X' indicates the year and the month of manufacture..

Month
Year
112,34 |56 |7|8|9[10]|1112
2017|112 |3 |4 | 5|67 8|9 A|B
2018 | D | E | F | G H | I J|/K|L M|N|O
209 | P Q|/R|S | T|U|V W|X|Y | Z]| a
2020 1 |2 |3 |4 | 5|67 8|9 A|B|C

% This rotates by the 3 years.
-The 4™ character'X indicates Date of manufacture

DATE 1 2 | 314|516 |7 (8|9 (101112131415
MARKING | 1 2 |13 14|56 |7|8]9|A|B|C|D|E]|TF
DATE 16 |17 |18 | 19 |20 |21 | 22 |23 |24 |25 |26 |27 |28 |29 | 30 | 31
MARKING | G | H I J K|{L|{M|NITO|IP|Q|]R|S|T]|U]|V

5-2.0
- This symbol indicates input pin 1.
- This indicates the producing center
o : China

5-3. Marking : Laser Marking
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6. PERFORMANCE
6-1. MAXIMUM RATINGS

CHARACTERISTICS RATINGS UNITS NOTES
DC Permissive Voltage 5 \%
Maximum Input Power 15 dBm
Operating Temperature Range —30~ +85 T
Storage Temperature Range —40~ +85 T
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6-2. ELECTRICAL CHARACTERISTICS

6-2-1. TABLE
Ta= —30~+85C
PCB loss is de-embedded.
RATING NOTE
ltem CONDITION UNIT
[MHZz] Min. Typ.(25°C) Max.
2496 ~ 2500 dB 2.2 35
Insertion Loss 2500~2686 dB 2.3 3.2
2686~2690 dB 2.3 35
VSWR IN 2496 ~ 2690 - 2.3 2.7
VSWR OUT 2496 ~ 2690 - 2.1 2.7
10 ~ 1564 dB 30 35
1565 ~ 1615 dB 29 34
1710 ~ 1785 dB 26 31
1850 ~ 1915 dB 26 31
1920 ~ 1980 dB 26 31
27 1 iFi -
dBINT 3 WiFi Ch.1-8
2401~ 2458 averaged over 18MHz
dB 23 29 WiFi Ch.1-8
Absolute Attenuation dBINT 21 33 WiFi Ch.9
2441 ~ 2463 averaged over 18MHz
dB 10 29 WiFi Ch.9
17 35 WiFi Ch.10
2446 ~ 2468 dBINT averaged over 18MHz
10 33 WiFi Ch.11
2451 - 2413 dBINT averaged over 18MHz
5 23 WiFi Ch.12
2456 ~ 2478 dBINT averaged over 18MHz
3 14 WiFi Ch.13
2461 ~ 2483 dBINT averaged over 18MHz
Termination Impedance : IN/ OUT 50Q (// 3.0 [nH]) / 50Q (// 3.2 [nH])
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6-2-2. TEST FIXTURE

i i s
' A, —
00 : RJ X b —
— 1 @ O X : o
3.0nH i E

[X—Ray Top View]
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6-2-3. GRAPH
NearBand
0 0
10 | 1
20 | 2
-30 -3
-40 -4
-50 | -5
-60 Lo 1 [ Y Y N B 6
2300 2450 2600 2750 2900
Frequency (MHz)
WideBand
0 m
10 | L
20 |
30 /\/\XN\I\.///
40 |
50 |
-60 L \ \ \ \ \
50 1550 3050 4550 6000
Frequency (MHz)
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

7. RELIABILITY
7-1. ENGINEERING SAMPLE FLOW CHART

Initial Characteristics
Electrical Parametric Data@25C
]

Preconditioning (MSL 2a)
(JESD22-A113)

(n=177)
| | |
HTS ESD(HBM) Board Level Drop
(n=23) (n=9) (n=11)
LTS
(n=23)
UHAST ESD(MM) Solder Heat
(n=23) (n=9) (n=11)
I
THS ESD(CDM) Solderability
(n=23) (n=6) (n=11)
TC Tem p_. Drift
(n=23) (n=5)
v VL v
Final Electrical Data Final Electrical Data Final Electrical Data
(n=115) (n=24) (n=38)
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

7-2. TEST ITEM & CONDITION

CATEGORY TEST ITEM TEST CONDITION REMARK

Bake + Soak(MSL or above) + 3X Reflow

Preconditioning duration ( Soak 60°C 60% 120HR) JESD22-AT13
TEST ITEM REMARK TEST CONDITION Duration
HTS (High Temperature Storage) JESD22-A103 condition A +125(-10/+0)°C 1000hr
LTS (Low Temperature Storage) JESD22-A119 condition A -40(-10/+0)°C 1000hr

] condition A 130+2°C,
UHAST (Unbiased HAST) JESD22-A118 ) 96hr
85+5%, 33.3psi

THS (Temperature Humidity
JESD22-A101 85+2°C, 85+5% RH 1000hr
Storage)

condition B (-55°C<= +125°C)
TC (Temperature Cycle) JESD22-A104 ) 500cycle
Soak mode 4 (30min)

All pin
ESD(HBM) JESD22-A114 200V, 250v, 300V p'
1sec 1time
All pin
ESD(MM) JESD22-A115 100V 150V 200V )
1sec 1time
All pin
ESD(CDM) JESD22-C101 1.0KV, 1.2KV )
1sec 1time
120 cm, 12times
Board Level Drop Test - )
152 cm 19times
Solder Heat Resistance JESD22-B106C 260°C Solder Pore Dipping 10sec
Solderability JESD22-B102E 235°CSolder Pore Dipping 3sec
Temp Drift -40°C => 25°C => 125°C ZAY 2HR
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

8. REFLOW CONDITION

[Temp / °C] Time from 25°C to peak<480sec Peak Temp.

260 +0/-5°C

260°C L LT PP P PP PP PP PP PRI P PPPPPPPPPP

217°c <.I..Q..l..l..'l..l.'...ll...l...l..lllll.'l..'..lll LA L L LR RN

zoooc ‘lllllllllllllllll.llllll.lllllllllllllllll.l.ll.ll.llll.llIll.ll

150°c ‘.l.......l.l

|

Reflow zone
60 ~ 150 sec

Pre-heating zone
60 ~ 180 sec

[Time / sec]

9. RECOMMENDED PCB DIMENSIONS

0.
0.2
1.1

[SAW, X-ray Top view] [PCB, X-ray Top view]

[unit : mm]

0.2 05

‘ 0.2

0.325

0.25

0.9

0.325 | 0.25
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10. CAUTION

Moisture Sensitivity Device Caution (MSL LEVEL=2a)
1. Calculated shelf life in sealed bag : 12 month at <{40C and <90% relative Humidity(RH)
2. Peak package body temperature : 260°C
3. After bag is opened, devices that will be subjected to reflow solder or other high
temperature process must be
(a) Mounted within : 672 hours of factory conditions <30°C/60% RH, or
(b) Stored per J-STD-033
4. Device require bake, before mounting, if :
(a) Humidity Indicator Card reads > 60% when read at 23+5C
(b) 3(a) or 3(b) are not met
5. If baking is required, refer to IPC/JEDEC J-STD-033 for bake procedure
Note : Level and body temperature defined by IPC/JEDEC J-STD-020

Aluminum Pack (310mmX370mm) HIC(Humidity Indication Card)

i N e SR HUMIDITY INDICATOR

3

ES
GPAE Co. Ltd
6CDF-60A

50% @
o)
30% O

w
g
w
w
Q
o
(s]
~
I
o
Q
~
I
Q
o
O

Change Desiccant

’Waming if Pink

Complies with IPC/JEDEC J-STD-033 & RoHS
n

READ AT LAVENDER COLOR
CHANGE BETWEEN BLUE AND PINK

10 to 60% RH
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’* 5pin lay-out Version : 000
11. PACKING
11-1. DIMENSIONS
- Carrier Tape
P2 __ PO :_‘ Feeding Hole(DO) D1

10 0 0 0 0 of
<

jlrf .
ES
® o ol 2
g L P ] _ A ,
t2
[Unit: mm]

A B DO D1 E F PO P1 P2 1 t2 w

1.08 1.23 | @150 | 4050 | 1.75 3.50 4.00 4.00 2.00 0.23 0.70 8.00
+0.05| +0.05| +0.10 | +0.01| +0.10 | +0.05| +0.05 | +0.05 | +0.05 | +0.05 | +0.05 | +0.30

—0.05| —0.05 | —0.00 —-0.10 | —0.05| —0.05| —0.05| —0.05| —0.05 | —0.05 | —0.10
- Reel
A 1., 2
L] / \
. [ A .
E
'Y
H LW
[Unit: mm
A B C D E F G H t1 t2 w
@258.0 | @81.0 | @13.0 50.0 2.2 7.0 30.0 35.0 1.8 15 9.0
+1.0 +1.0 +0.5 +0.8 +0.3 +0.5 +0.8 +1.0 +0.5 +0.5 +1.0
-0.5 -1.0 -0.5 -0.8 -0.3 -0.5 -0.8 -1.0 -0.5 -0.5 -0.5

- The product shall be packed properly not to damaged during transportation and storage.

SMS-51-L-SFT-FX-209 Page 15/64 April 11, 2019



@&f ISOL 2Ho[&

Surface Acoustic Wave Filter SFHG93AA402
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11-2. REELING QUANTITY
10 inch reel : 10,000 pcs/reel

11-3. TAPING STRUCTURE
11-3-1. The tape shall be wound around the reel in direction shown below.

TOP COVER TAPE $ @ @ @ @ @ @

o= o=
[ <
X X X X

Tape Running Direction

11-3-2. BARCODE LABEL

) @)
(u] é') SFHGSGBAO_O,‘}‘) MODEL NAME BARCODE
S © @
SIS 2018/0807/9a 56 tanyaving @ | 2 | MO0 Nome

Reel number

®e | e

Quantity / Marking
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Surface Acoustic Wave Filter SFHG93AA402
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1-3-3. Leader part and vacant position specifications.

Vacant Components Contained Vacant Leader Part
AL AL
O s 0606 O O ce6 66 06 NN\ o0 o0 O O O o oo O O
evol (- )M - - ) - - EEL- - (0| o Bl
150mm min l 150mm min 10mm min. |

Tape Running Direction

11-4. INNER BOX(Reel Packing) STRUCTURE

Material:  Polycarbonate

Material : Polyethylene + Aluminium
Size : 310x370mm?

Material : Paper
Size: (D)290 < (W)290 < (H)42mm3
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Surface Acoustic Wave Filter SFHG93AA402
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11-5. OUTER BOX STRUCTURE
Material : Paper

SIZE(mm) Inner Box

TYPE
#

a b c

A 300 270 300 6 boxes

@
/

/

7 /
c
OO0
G-L.R @
~_
_!:L
SAW FILTER | //
| '/
L ./
/ a /
SIDE @ SIDE @
MODEL
<> QTY EA
USER
L/CNO.:
C/TNO.: DATE

- SIDE is the same as front side.
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12. TAPE SPECIFICATIONS
12-1. Tensile Strength of Carrier Tape: 4.4N/mm width

12-2. Top Cover Tape Adhesion (See the below figure)
- pull of angle: 0715 degree
- speed: 300mm/min.
- force: 20~70g

Direction of pull off
TOP COVER TAPE

A
AN

CARRIER TAPE

\

|-
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13. RoHS DATA

13-1. RAW MATERIAL(EPOXY)

SG

Test Report uo. resotorrcrsavante-siass laouied Dsts = 2018.08. 14 Page 1of 8

NAGASE KOREA

Danam Bkdg 23F, 10 Sowol-ro
Jung-gu, Soeul
Korea

The following sample{s) was/were submitted and identified bylon behalf of the clent as:-

SG5 Flle No. . AYAATB-31468

Product Name : EFOXY SHEET AZ0z0

Item Mo J/Part No. + MIA

Recelved Date . 2018. 06. 05

Test Period 1 2MB.06. 05  to  2016. 06 14

Test Results : For further detalls. please refer to following page(s)

S5GS Korea Co., Ltd.

TH-Jy

Jeff Jang / Chemical Lab Mgr

pad by the Compsty webject wm B Gensnl Conditions of Serks mmm-u_umnqm:amm.www
Giag dccamance, wabject to Temss  and  Condio . & e AN ORI o) D o s s G0 B RS B birgs
ratise af Babiiy, indemafcaten Snd jarisdiction (Eee cefired thecsn. Aag holder of his decument (8 sdviced thE lifsmeatien contakned Senkon el T8
of itn lnlsreenation caly sad wihin B lmin of Clisats irawsctisna, H sy Th Compiny's RoW resposaisilty W te im Clsnt nd this document dasa ot
fram assrcaing sl thed rgan and undar the 3 Thin d chanot be propucEd REcepr i fall wNoEl PRl avREn
Torgary ar ol e commal or sppesrsace af thi dotament i enlwlsl and sfesosn may b prosscuted o the folles ssieet of

ok Bheaan b THIE AL TRpTT rarbir Gl B the RaTERLL

427, Fhaa 0 wabary, T, L8-on, Bongin-gu, Aeyirg-u, Cymorgg-dn, Hos 1117
BEE Korea CoLin. | ¢ #42 oii 4538000 ¢ sic) (0011 4508 059 Hiz e scacrmp by
T
Warriber of e 155 G o Garsinie Su Soredir)
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Surface Acoustic Wave Filter SFHG93AA402

3 ' '
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm” 5pin lay-out Version : 000
Test Report no. resototrcrsarante-siacs laguod Dets : 2010.08. 14 Page 2 ot
Sample No. + AYAATE-31468.001
Sample Description . EPOXY SHEET A2028
Item Mo JPart Mo. : MiA
Materlals : Epoxy Resin
Heavy Metals
Test ltems. Unit Test Method MDL Results
Cadmium {Cd} mglkg With reference 1o IEC 62321-5:2013 0.5 N.D.
{Datarminatan of Cadmum by ICP-0ES)
Lead (Pb) mag'kg With reference to IEC 62321-5:3013 ] N.D.
[Determination of Lead by ICP-0ES)
Mercury (Hgh magikg With reference o IEC 82321-4:3013 2 N.D.
{Determmation af Mercury by ICP-0ES}

maikg With reference o IEC 82321-7-2:2017, B H.D.
determination of Hexavalent Chromium by
Colermetric Methed using UV-Vis andfar with
reference to |IEC 82321-5:2013, determination af
Chramium by ICP-0ES.

Hexavalent Chromiuwm (Cr Vi)

Antimony {Sb) mag'kg With reference to EPA 3052{1998), US EPA 10 H.D.
B0108{1896), ICP
Tin (Sn} marikg With reference to EPA 3052(1996), US EPA 10 H.D.

BO10B(1998), ICP

Test ltems. Unit Test Method MDL Result

Monchromabiphenyl mgikg With reference o IEC §2321-8:2015 ] N.D.
{Determination of PEBs and PEDEs by GC-MS)

Dibromobighenyl mglkg Wilh reference lo IEC 62321-8:2015 5 N.D.
{Dedermination of PEBs and PEDEs by GC-MS)

Trivramabiphenyl mag'kg ‘With reference 1o IEC 62321-8:3015 ] H.D.
{Dedermination of PEBRs and PEDEs by GC-MS)

Tetrabromobiphenyl mag'kg ‘With reference 1o IEC 62321-8:3015 ] H.D.
{Dedermination of PEBs and PEDEs by GC-MS)

Pantabromabiphenyl mag'kg ‘With reference 1o IEC 62321-8:3015 ] H.D.
{Determination of PEBs and PEDEs by GC-MS)

Hexabromobiphenyl mgikg With reference o IEC §2321-8:2015 5 N.D.
{Determination of PEBs and PEDEs by GC-MS)

Heplabromosiphenyl maikg ‘With reference o IEC 82321.8:2015 5 H.D.
{Determination of PEBs and PEDEs by GC-MS)

Oclabromebiphernyl malkg Wilh reference lo IEC 62321-8:2015 8 H.O.

{Determination of PEBs and PEBDEs by GC-MS)

This Gocamend @ mausd by e Compeny tebjeci D B Genemi Condiions of Saervice pringed oversad avaiisile on mqesst of sccessbie W ShOp deww pow cowvenTermg-aac-Cosdiiare gaags
W, fer  MeIpenl  MRAE diCamEnnh  dabjEcl e Temed and Cordbiard  fod Demroande Dol B Aaw AIRCOMTH NE B-dCCaMETERW  hEo Ve AR NE B-dC0aPETE PORS
Ansntion W orean W0 e Gmcatian af labiiy . indemadcatan Snd  janiediion iRl oHfired  (heren. Anp halder @l Ihie dacumear 8 sdeied Dt ISlRTMIAGEN CONLEENED Berean  Melkcne Tee
Company's Andings 8@ the @me of iin iiewewios coly sad wihin e imis of Cileai's iradeciians, H say. The Company's ol respossiBiity B de e Clent and this document dess Bok
sacaerais patiss o 8 innescion from ssercaisg sl e righin snd obligeiions usdsr ihe 5 Thin o cunrai b secapt in full, withosi pricr svitisn
spprovsl of ek Company ANy ankdmorasd aReases. forgery a7 lemifcadion of me el ol MpEearEace 3 tha dotamam e wnbvefal and sfescers may be prasscuted W e fullen ssien of
ek Liw. LNk Stherm s AnMed s Néda 0 ahaa i 1008 WAL 1Rpa] rirbel Galp Do Che 820 i L)

F4H ‘ersiond 32, Thw O w ez, Dongan-gu, &
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Surface Acoustic Wave Filter SFHG93AA402

3 , . .
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm” 5pin lay-out Version : 000
Test Report uo. resototrcrsavanie-stass lagued Dnts = 2018.00. 14 Page 3 of 8
Sample No. + AYAATE-31468.001
Sample Description . EPOXY SHEET A2028
Item Me.JPart Mo. 1 MiA
Materials : Epoucy Resin
Test ltems Unit Test Method MDL Results
Monabromabiphenyl mg'kg With reference 1o I[EC §2321-8:2015 ] N.D.
{Cetermination of PEBs and PEDEs by GC-MS)
Decabromobiphernyl mg'kg With reference 1o IEC §2321-8:2015 5 H.D.
{Cetermination of PEBs and PEDEs by GC-MS)
Monchromadiphanyl ether mg'kg With reference 1o I[EC §2321-8:2015 ] N.D.
{Determination of PEEs and PEBDE= by GC-MS)
Dibromodiphenyl ether mg'kg With referance o IEC 82321-8:3015 =1 M.O.
{Determination of PEEs and PEBDE=s by GC-MS)
Trisramadiphenyl ether mg'kg With reference 1o I[EC §2321-8:2015 ] N.D.
{Determination of PEEs and PEBDE=s by GC-MS)
Tetrabromodiphenyl ether mg'kg With reference 1o IEC 82321-8:2015 ] H.D.
{Dedermination of PEBs and PEDEs by GC-MS)
Pentabromadiphenyl ether mg'kg ‘With reference 1o IEC 82321-6:3015 ] H.D.
{Cetermination of PEBs and PEDEs by GC-MS)
Hexabromodiphenyl ether mg'kg ‘With reference 1o IEC 82321-6:3015 ] H.D.
{Cetermination of PEBs and PEDEs by GC-MS)
Heplabromodiphenyl ether mg'kg ‘With reference 1o IEC 82321-6:3015 ] H.D.
{Dedermination of PEBs and PEDEs by GC-MS)
Octabromodiphenyl ather mg'kg With reference 1o IEC 82321-68:2015 5 H.O.
{Cetermination of PEBs and PEDEs by GC-MS)
Monabromadiphenyl ether mg'kg With reference 1o I[EC §2321-8:2015 ] N.D.
{Cetermination of PEBs and PEDEs by GC-MS)
Decabromodiphenyl ether mg'kg With reference 1o IEC 82321-8:2015 ] H.D.
{Dedermination of PEBs and PEDEs by GC-MS)
Phthalates
Test ltems Unit Test Method MDL Result
Dii=[ 2-mthylhexyl) phthalate (DEHP) mg'kg ‘With reference o IEC 62321-8 ; 2017, GCMS 50 H.D.
Di-butyl phthalate (DEP) mg'kg ‘With reference o IEC 62321-8 ; 2017, GCMS 50 H.D.
Banzyl butyl phihalate (BEP) mg'kg ‘With reference to IEC 62321-8 ; 2017 , GCMSE 50 H.D.
Di-isobulyl phthalate (DIBP) mg'kg ‘With reference o IEC 62321-8 ; 2017, GCMS 50 H.D.
This Socemsm W mausd by the Compsay askisct @ B Genersl Condiions of Servis pnted overssl svalsts oo meqesst or sccessbl B S dwswaos cowisnTerns-sag-Condiisrs gange
snd, for  slectoni  femear  docemsnts,  webjsct o T nd  Cordiiara  for  Dcoonic  Docoments 8 Ssw g comterwns §-doCamsnt bW o Ssse 408 Copterns s-iocemsrs o

Anarticn W orwn %0 e Gmisten of lsbiiy, indemafication snd janisdiclion (Reel efired thevsin. Asy haller af I decumear (8 sdvieed thEt lalamestian conlained Meren sElNCHL 188
Comparys ASdngs S (e Sme of i8 inleention caly sad witin e lmits of Clisars isavsctisss, B say. The Companys Soe resposaisiity W te b Clant snd this document dasa ot
SEGNA BT W 8 IBAAECEGE from sasrclisg S ted righls snd abl undar the 5 Thin o canrnat b sEcapt i fall, withoal prier sTHEn
sppraesl of ®w Company. ANy erdatonasd shemtos, forgery o iskifcaion of 8 Comeal of spasacEace of this docament i enbewlsl snd sMescen may be prosscuted % the fullem ssiest of
tha L. LRESRE Stharwiion Srswd tes et aln ahaan i 160 AL TRpGIT rEber Galy £o e asmEREL

o fond I, PO w LE-ez, Dongan-gu, #
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WISQL 2o[%

Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000
SGS
Test Report uo. rescto1iLr-crsavante-s146s Issued Date : 2012.06. 14 Pape 4 of 8
Sample No. . AYAATS-31468.001
Sample Description . EPOXY SHEET A2020
Item NoJPart No. : WA
Materials : Epoucy Resin

Halogen Content

Test ltems Unit Test Method MDL Results
Bramine(Br) mg'kg ‘With reference to EN 14582:2014, IC 30 H.D.
Chiorine{Cl) mg'kg ‘With reference to EN 14582:2014, IC 30 100
Fluorine(F} mg'kg ‘With reference to EN 14582:2014, IC 30 H.D.
lodine{l) mg'kg ‘With reference to EN 14582:2014, IC 50 H.D.

NOTE: (1) N.D. = Mot detected {<MDL)

(2) mgikg = ppm

(3) MDL = Method Detection Limit

(4} - = Mo regulation

(5) Megative = Undetectable ! Positive = Detectable

(6) ** = Qualitative analysis (Mo Unit)

(T} * = a. The result of Hexavalent Chromium (CoV1)) s "ND" as the result of Chromium (Cr) is "ND°,
and confirmation test of Hexavalent Chromium (CSr(v1)) is not required.

b If the Chromium (Cr) content is greater than the MOL of Hexavalent Chromium (SrV1}),

confimmation test of Hexavalent Chromium (CriVvi)} Is required.

This Socamént W @ausd by the Compesy aebjsct o BE General Condimions of Serics pinokd cverssl Gvelssl on mgeset of Scoessb B S0p www s comsnTerme-gec-Condiisra gaags
snd, for  elsconic  farmar  decamenti,  dabjsct o Tema  and Cordi o B ic D AR A0 ST e b bewew AgE GO mirm birgs
Anarticn W owwn % the Gmisten of ksbihy. irdemadicstien Sed jansdicton laRsEs cefired theren. Aag halder ol (NS dscumear i sdvibed thEr ialamatian conlskned Meren sElNCL ThE
Compargs Aadings B0 the Sme of i inlsenion caly sad witin B lmits of Clisars irawectiana, H say. The Comparg’s aol resposEiSiEy B % e DREnt snd this decumsnt dess ot
sEGEea BAER I 8 IMAAsCHGE from sssrciisg 5B e righin snd under tha 5 Thin o carat be spcapt i fall, withoal prior aviEn
sppraesl of i Company. ANy erdatiomsd shenbos, fergery ¢ lekifcston of e conweal of spgesrace of this docament I8 enbvafal Snd afescen may be presscuted W the fulm sxiem of
thah L. LRESRR Sthabr bk ACtEd hod rbalin §heaw b8 TR0 AL TRpr rber cinly b the & phal

Fa Versiond 122, Tom O valey, T8, L8520, Dongan-gu, Asyeng-si, Gysongg-do, Koras 4117
SGS Korea Co.Lid. | o« 0000 4508000 ¢ <62 (0111 S508 59 hiloo¥wem soacroup T
T
Wiarrier of the S5 Group (So i r
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WISQL 2o[%

Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

SGS

!

Test Report no. resotoir-crsavaats-sises Issued Date : 2018.06. 14 Page S of 9

Picture of Sample as Received:

AYAA18-31468.001

Thls Cocement & weusd by e Campany ssbject  fs Genernl Conditions of Service printed oversal svallathe on mQeest o = s leas Ao s 2805
i, for  slechonic  farmar  decements,  aebject o Tema  and for ®  aawsas Lo 298 e
Atlsstion I Oaan % the af labihy and lssues oefined thevein. Asy halder of this decumest s advieed that Islammation contained Serson mfects e
Company's flacings ot the Sme of it istervention oaly aad wihin Me limits of Clisat's inawections, i say. The Companys a0k respossisitty i % I Clest and this document daes st

SHOAMCAM PATies 10 A IINAACEOS fom sssrcking Al el rights and oBligmioss wader the This CANROT B MprOGUCed sscept I el withoul prior  wrltien
approval of T Ay forgery a¢ famificaton of Me ConMal of appearaace af this docament s wnlevwfel and aflsacers may be prasscuted % the fullest sstent of
the Law. Ushess sthacwins azamd the reasla shawn is T0IE et 1eport reler 0aly 1o the sampie(s).
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

SGS

Test Report wo. resotoiLrcrsavants-siass

Issued Date - 2018, 0&_ 14 Page 6 of 8

Testing Flow Chart for RoHS:Cd/Pb/Hg/Cr*” /PBBs&PBDEs Testing

| Sample cutting / weighing |

| Sample Preparation |
| "
I cr
| Cd/PbiHg/Cr | PEBs/PBDEs | |
Acid Digestion with Sample Solvent Nonmetallic Metallic
Microwave/Hotplate Extraction Material Material
I | |—'—[ |
L . Concentration/Dilution
| Filtration | of Extraction Solution Dissalving by Digesting at o
ultrasonication 150-160C safrmcilon
| Solution | Residue | ’ | " |
| Filtration | Digestion at Separating to Adding
| 60T by get aquesus 1,5-diphenylcar
| ultrasonlcation phase bazide for color

1) Alkall Fusien !
Dry Ashing | |
| |
dissolve | pH adjustment | |
—— '
Adding

1,5-diphenylcarbazide
for color

DATA |
UV-Vis

| ICP-OES/AAS |

The samples were dissolved totally at the acid digestion step of the above flow chart for Cd,Pb,Hg
Section Chief : Minkyu Park

This Oocamsnt W Eausd by e Compeny Gebject o BE Gensrsl Conditions of Serekcs printed oversad svellssls oo reqesar o ScokEsb W sBOp Cwws §od CowenTerms-gac-Condiisra gIREs

wnd, for  slecvoak  damear  decamentd,  debject w0 Temea  sed Cordidera  for Becroric  Documanis o L
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sppravsl of T Company. ANy arkdmorasd SReEnos. forgery o feaifcasion of e cansl O MpEeMENCE S i dofamen 8 wnlelal and afesceis may e prosscuted W o fulles ssen of

tha L. Ulnbnnn gibarwios aEsted thes reasn nbessm bn Thin Ak repart rader aaly b e namplinh.

F401 Viersiond 32, Tom O w Loz, Dongengu, Anyung-u, Gyecngg-So, Hors
5GE8 Forea Ca . Lid i i 1 4E8 12506 L[240 hilo e SoRCITAD W

SMS-51-L-SFT-FX-209 Page 25/64 April 11, 2019



@‘u‘xf ISOL 202
Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

SGS

Test Report no. resotoiiLr-crsavasts-s14es

Issued Date - 2018, 06, 14 Page 7 of 8

Flow Chart for Inorganic Elements Testing

Inorganic Elements

Mechanic_Sample

Sample Measurement

Acid Digestion with
Microwave/Hotplate

Filtration

Residue

Total Digestion

ICP-AES

DATA

Major Inorganic Antimony(5b] , Beryllium({Be) , Phosphonus{P) ,
Heavy Metals Arsenic(fs) etc.

B g e 408 com rea [T e

This Gozamsnt @ Eausd by the Compsny Gebject m B General Condinosn of Serics printed cveresl GveliSh on egesat of Scckssbl & SHOC Cwew ol CowenTermE-Eac-Condiiera SRGRS
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tharmn. Anp halder @i Ihis dEcumear i@ sdeied i inlRMALEN CoNWNED  Serean  elecne e
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

SGS

Test Report uo. resctotircrsavaate-ataes laoued Dats - 2014.08. 14 Page Bof 9

Flow Chart for Halogen Test

Sample screening using XRF.

Liquid containing water{>80%) Yes

1
Hlu

Weigh the samples into the combustion boat.

Add absorption solution into the bomb or tube.

Admit 02 gas or 02 +Ar2 gas and start the combustion.

Dilute
the solution
(EPA30DD)

Allow during absorption of the burnt gas.

Analyze absorbed solution using lon Chromatography.

Data

This Gocamsnt @ mausd by e Compesy debjsct m B Genersl Conditons of Senics printed cveread aveilsils on mgesst of accemsbbe B Sa0C Cwsw so comenTerme-gac-Condiisra gRags
snd, for  slectonik  damar  docementi,  Gabject o Tewes  and  Condtiera  for  Eecronic D b b SN O mirny bargs
Anseon W oan % the Gmisdan of Esbiiy. irdemafcaien Snd jarisdicton lERues Gefired (herein. Ang halder ol INE dScumest 8 sdvied the ilsmestian conlsined MErean elCnL 1hE
Companys Asdings ot the Sme of il inlenenios caly sad wihin e Dl of Clsals irawsctises, H say. The Compiny’s Rol resposaiBilty B %3 e Clant snd this document dass ot

SAONETAN RATISS D B IMINAECLGS oW sEErcEing A0 ohed righie and ORIgETSAE  uldel  (he 31 Thin ChATT b wEsept i fall sENedl prEd aTER
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

SGS

Test Report no. resotoiiLr-crsavasts-siaes

Issued Date - 2018, 06, 14 Page 9 of 8

Flow Chart for Phthalate Test

Sample pretreatment ! Separation

Sample dissolved I extracted by THF

Dilute Extracted solution

Analysis was performed by GC/IMS

Data

*** End of Report **
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wvd,  for  siecpone damar doecamenti,  dabject  ta Temwa and Corndi, for B ¥ [ M AN AONCOMTITNE o 2y Sp e 408 o m LT [ 13
ADSLEn W orkwn W Ihe mratian af babiiy . indemadcaten Snd  jariedicnon Eeues Ofined Iheren. Anp halder @l thie dEcumear 8 sdvied it inlRMANEn ConWneD  Serean  elecne e
Company’s Asdings §i ihe dme of iin lmiscewics caly ssd whhin e lmit of Cilesis irawscilena, H o say. The Compeny’s sol respossisdity B s B Clent and this document desa moEk
21 Thia o ChERT b wELEpr i fall AENREl R ATINR

and afesders may be prosscuied do ths Tulen ssiend of

HGIENVE pMTE I 5 IMEAERILGE FOR BEErcElEp S1 el PgNIE M GBlGEIGEE  uNdRl 1
spprovsl of e Company. Any srasioasd sBemion, forgery ar ismifcadon ol B coniesi or sppearsace of this docsmen s wnbeedsl

thab L. LINBEE Stharwiis AaE thes retalon baan i THIE AL TRpat rater Galy 6 the s ERi

401 Varsiond 112, Thm O valls L8z Dengan-gu, Anyurg-a, Cyeonggy-dn, Kon
SE5 Honea Co . Lid B T SR 000 # = (11 4508 (54 e Vewe sopcorTa b
T
Wamar o the 555 Grous (Soodhl Giremie Se ar

SMS-51-L-SFT-FX-209 Page 28/64 April 11, 2019



‘@\NISDL ofo[&
Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

13-2. RAW MATERIAL(PACKAGE)

SGS

TEST REFPORT FEPORT NOU JP/20175111101 DATE: January 122018 PAGE: 1 OF 4
KY DCERA CORPORATION

1810 TAKFCHD SATSUMASENDALSH] KAGDSHIMA JAPAN

THE FOLLOWING SAMPLE(S) WAS,WERE SUBMITTED AND IDENTIFIED BY/ON BEHALF OF THE CLIENT AS:
ETFoH»I A REERIs SR Eh, BRIzt TR ELE:

SAMPLE DESORIPTION - 1-01-4 18 KY DCERA-CERAMIC A840

GLIENT REF NO

SAMPLE RECEIVED SIS 24

TESTING DATE SN2 TO 201801712

TEST REQUESTED ; SELECTED TEST(S} AS REQUESTED BY CLIENT.

HINHE ST E IRE O ERIZEVET.

TEST METHOD(S) ¢ WITH FEFEREMCE TO LATEST EDITION OF IECE2321 FOR RaoHS § SUBSTAMCES.
SREE OTHER CHEMICALS WERE TESTED BY EACH APPROPRIATE METHOD.

FoH 56990 0T 00 714 12 $FER DIECE 232 1 R #MLELE.
TRUADIEFMNIZ N TIREAFRIIBEETET HFETLELE.

TEST RESULTLS) ; PLEASE REFER TO THE NEXT PAGE(S).
SR HTFOA—LEl#RBMELET .

KN ==5l,

Yukihire Ouchi / Quality Manager
5GS5 Japan Inc., Chemical Laboratory

rca paried

Thix llr:ul 3 e by ha Company us dabla on eyt aps l oeaaitia al hipcSaws sge oo Alenton = drean
o (g @ esuls W .-\. e Tasl F ..L|| wler ondy I 5 AT
FTRHERE ok g Jorp o IS o e SR 6 &

J

OF DFwl D] Pt o6 L sl e Oflafains My Do peDdda i 10 Ihe

YEBP East Towar 12F, 134 Godo-che Hodegaya-ku Yokohama 240-0005, Japsan
£-+E1101 45330 1100 F +81101 453301108 UAL: wiww ip.=g5.com

Fdpmiber of BES Sooith Gérdrals da Suresdipnos
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’ 5pin lay-out Version : 000
TEST REPORT FEPORT NO. JP/20175111101 DATE: January 122018 PAGE: 2 OF 4
KYDCERA CORPORATION

1810 TAKFCHD SATSUMASENDALSHI KAGDSHIMA JAPAN

TEST RESULT(S)

TTTEMIS) UNIT__RESULT WETHOD &1 /PLAGE WDOL
CADMIUMICd ) mz/ kg HN.D. ECA2321-3 23 KCP-0ES 2
LEADPB} mz/ kg MO ECE2321-5 2013 KCP-CES 2
MERGURY(Hgh mz/ kg WO ECA2321-4 2013 KP-CES 2
CHROMIUM VEGA W mz/ kg WO JECE2321-7-1- 2015 WIS 2

NOTES mg/kg = pprm WD, = Mot Detected INST. = INSTRUMENT, MDL = Method Detestion Limit

REMARK: Tast process and/or sxpreascion of test result havs been specifed by clEnt
Tha content of Grl V1) has bean caloulsted with regard to the sampls weight as specified by chant

4 TG PO e iy 1D D) SANYRESIE) sied
gy OF RSHabon o e CoMNL B i JP

T o Y g -

RE EIRsT | IR

¥BP East Tower 12F, 134 Godo-cho Hodogaye-ku Yokohama 240-0006, Japan
LA 45330 1900 F +B110 45 F30 1108 UAL: www.jp.sgs.c00m
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

SGS

TEST REPORT REPORT MO JP/2017/111101 DATE: January 122018 PAGE: 3 OF 4
¥Y DCERA CORPORATION
1810 TAKFCHD SATSUMASENDAL SHI KAGDSHIMA JAPAN
SHTZ0—F %—h MEASUREMENT FLOW CHART
IS RMEECELTHEERESBLTIET.,
Tha sampls was dissalved / descompozad totally by scid pre-conditsoning method according to below flow chart
2)Cd. Po, Hg. Cr. CriML PEB/PEDE
4748 M4 F Name of the person in charge of measurament B | BT Satoko Oikaaa
AT WHEF Mame of the person responsble for measurement X5 B % Mayum Otani
[ HuFa27 - FERIK Cuttng: Preparation ]
l Cd, Pb, He, Cr oVl l PEB/PBOE
"R

Sampls messursment

Sampls measurameart

Fad |

Sarmpls measuramert

|

!

'

EMR MAERIZESEH WAGR
(HND,, HOI, HFEE)
Desompaositon under dossd’ open systsm
(HMO, HCL HF, &ta)

T RN RIS RS
Extracton by alkafine solution and
salvent’ boiling water

HEENEN

Salvent extraction

Il Filtration | AH- L ES-®R
.l Caoaling ~Filtra tion Cancantraton® Dilutian
o i ¥
Saolutson Hemdus
DAL NA AR E E-pHIRE
Add diphamylcarbazide =

TILHEM pH adustmeant
Alkali fusion

L J L 4 L 4

ICP-DES ICP-MS. AAS ] ] U Vis | GL/MS ]
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

TEST REPORT REPORT NO. JP/2017/111101  DATE:January 122018 PAGE: 4 OF 4
KYOCERA CORPORATION

1810 TAKI-CHO SATSUMASENDAL-SHI KAGOSHIMA JAPAN

SAMPLE IMAGE
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

13-3. RAW MATERIAL(LT WAFER)
| Fdé)ues ’)
Please Co with SGS

=
Test Report no.:ceroinasiza Date : 2017/11/01 Page:10f9
Shin-Etsu Chemical Co.,Ltd. e

13-1,Isobe 2-chome, Annnaka-Shi, Gunma, Japan

The following samples was/were submitted and identified by/on behalf of the applicant as :

Sample Submitted By : Shin-Etsu Chemical Co. Ltd.
Sample Description : BLT

Lot No 1 79399A

Composition : Lithium Tantalate

Sample Receiving Date : 2017/10/26

Testing Period : 2017/10/26 TO 2017/11/01
Test Requested

(1) As specified by client, with reference to RoHS 2011/65/EU Annex Il and amending Directive (EU) 2015/863 to
determine Cadmium, Lead, Mercury, Cr(V1), PBBs, PBDEs, DBP, BBP, DEHP, DIBP contents in the submitted
sample(s).

(2) Please refer to next pages for the other item(s).

Test Result(s) : Please refer to following pages.

Conclusion . (1) Based on the performed tests on submitted sample(s), the test results of Cadmium, Lead,
Mercury, Cr(VI), PBBs, PBDEs, DBP, BBP, DEHP, DIBP comply with the limits as set by
RoHS and amending Directive (EU) 2015/863.

Trop@ha
Signed for a

Chemical Laboratory - Taipei
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Surface Acoustic Wave Filter SFHG93AA402

LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000
Test Repnr[ No. - CE/2017/A5173 Date - 2017/11/01 Page:2of 8
Shin-Etsu Chemical Co. Lid. T

13-1,lsobe 2-chome, Annnaka-5hi, Gunma, Japan

Test Result(s)
FART MAME Mo ;. WAFER
Test ltam(s) Unit Method MOL R:::" Limit
Cadmium (Cd) mg'kg |With reference to IEC 62321-5 (2013) and 2 n.d. 100
performed by ICP-AES.
Laad (Pb) ma'kg |With reference to IEC 62321-5 (2013) and 2 n.d. 1000
performad by ICP-AES.
Marcury (Hag) mg'kg |With referenca to IEC 62321-4 (2013) and 2 n.d. 1000
performed by ICP-AES.
Hexavalant Chromium Cri\1) mg'kg |With referanca to IEC 62321-7-2 (2017) and B n.d. 1000
performed by UV-VIS.
Sum of PBBs mg'kg - n.d. 1000
Monobromobiphenyl mg'kg 5 n.d. -
Dibramobiphanyl mg'kg 5 n.d. -
Tribromobiphenyl mg'kg 5 n.d. -
Tetrabromobiphanyl mg'kg 5 n.d. -
Pentabromabiphenyl mg'kg 5 n.d. -
Hexabromobiphanyl magikg 5 n.d. -
Heptabromobiphanyl mg'kg 5 n.d. -
Octabromobiphanyl mg'kg 5 n.d. -
Monabromobiphenyl mg'kg 5 n.d. -
Decabromabiphenyl ma'kg [With reference to IEC B2321-6 (2015) and 5 n.d. -
Sum of PBDEs mg'kg |performed by GC/MS. - n.d. 1000
Monobromodiphenyl athear mg'kg 5 n.d. -
Dibromodiphany| ether mg'kg 5 n.d. -
Tribromodiphenyl athar mg'kg 5 n.d. -
Tetrabromodi phany| ether mg'kg 5 n.d. -
Pentabromaodiphenyl athear mg'kg 5 n.d. -
Hexabromodiphanyl ether mg'kg 5 n.d. -
Heptabromodiphanyl ether mg'kg 5 n.d. -
Octabromodiphenyl ether mg'kg 5 n.d. -
Monabromodiphenyl ether magikg 5 n.d. -
Decabromaodiphanyl ether mg'kg 5 n.d. -
o o Sk Yy Chncrmee o ubpac 0. Tt el Erebbeer oo Diutramts ot Dl e s Cornimes o

m, il mrry. Thm Compery's sois mopon
= documans. Tha document cannoit
of

# Ficm, W T ircheiran] Park, Wi K Drntnct, R Tapms Sy, Toswn (@ AR ER TEREE S 0 T
kHAF] e B A TR
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9%x0.5mm° 5pin lay-out Version : 000
Test Repnrl‘_ Mo. - CE/2017/A5173 Date : 2017/11/01 Page:3of 9
Shin-Eteu Chemical Co_ Ltd. T

13-1,lsobe 2-chome, Annnaka-5hi, Gunma, Japan

Result
Test Hem(s) Unit Method MDL Nul: Limit
BBP (Butyl Benzyl phthalata) mg'kg |With referenca to IEC 62321-8 (2017). a0 n.d. 1000
(CAS Mo.: B5-68-T) Analysis was parformed by GC/IMS.
DBEF (Dibutyl phthalate) (CAS mg'kg |With referenca to IEC B2321-8 (2017). 50 n.d. 1000
Mo.: B4-T4-2) Analysis was parformed by GC/IMS.
DEHP (Di- {2-athylhaxyl) mg'kg |With referenca to IEC B2321-8 (2017). a0 n.d. 1000
phihalate) (CAS Mo.: 117-81-T) Analysis was parformed by GC/IMS.
DIEF (Di-isobutyl phihalate) (CAS | mg'kg |[With reference to IEC 62321-8 (2017). a0 n.d. 1000
Mo B4-68-5) Analysis was parformed by GCIMS.
Halogen-Chlorine (CI) mg'kg |With referenca to BS EN 14582 (2016). 50 n.d. -
(CAS MNo.: 22537-15-1) Analysis was parformed by IC.
Halogen-Bromine (Br) ma'kg |With referenca to BS EN 14582 (2016). 50 n.d. -
(CAS Mo.: 10097-32-2) Analysis was parformed by IC.
Antimany (Sh) mg'kg |With referenca to US EPA 3052 (1996). 2 n.d. -
Analysis was parformed by ICP-AES.
Beryllium (Ba) mg'kg |With referenca to US EPA 3052 (1996). 2 n.d. -
Analysis was parformed by ICP-AES.

Note :
1. mg'kg = ppm ; 0.1wi%% = 1000ppm
2. MDL = Mathod Datection Limit
3. n.d. = Mot Detected = less than MDL

4. " -" = Not Regulated
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Surface Acoustic Wave Filter
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

SFHG93AA402

Test Report no.:ceroimasiza Date : 2017/11/01 Page:40f9

Shin-Etsu Chemical Co.,Ltd.
13-1,Iscbe 2-chome, Annnaka-Shi, Gunma, Japan

Analytical flow chart of Heavy Metal

These samples were disscived lotally by pre-conditioning method according to below flow chart. ( Cr** test method exduded )

®  Technician : JR Wang
®  Supervisor. Troy Chang

I Acid di with /h I
7 | Non metal [ [ wew |
| Fatration | ABS | PC/PVC | Others v
T Bailng water
: b [ oumingsy | Dgminga 7
| Sdusion | | Residue | utrascrication 150~160C
‘ ‘ ‘ Codl, fiter
dig through
1) Akalifusion Digesting at 60T Separating to get fiter
2) MClio dissa by ul icabi aq phase *
! ‘ Add diphenyh
| carbazide for color
ICP-AES development
I pH adjustment I T
5 Messure the
Add dphenyl-carbazide for absorbance at 540
color development nm by UV-VIS
Measure the absorbance at
540 nm by UV.VIS
Toex cocament i mesed by the Compary sutzecs to ts Genersl Condtion of Serves semted overser. svadesin on regumet o =
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

Test Repnrt Mo. : CE/Z01T/AS173 Date : 2017/11/01 Page:50f 9

Shin-Etsu Chemical Co.,Lid. LT TRy o
13-1,lscbe 2-choma, Annnaka-5hi, Gunma, Japan

These samples were dissolved iofally by pre-conditioning method according to below flow
chart.

B Technician: JR Wang
B Supervisor: Troy Chang

Flow Chart of digestion for the elements analysis performed by ICP-AES

| Cutling / Preparation |
¥

| Sampls Measuremeant |

¥
Acid digestion by switable acid depanded on
differant sample material (as balow &ble)

=1

| Solution | | Residua |
1} Alkali Fusion
l 2} HCl to dissolve
| ICP-AES |
Steel, copper, aluminum, sokder Agua ragia, HNOa, HOL HF, HeO=
Glass HMOsHE
Gold, platinum, palladivm. ceramic Agua regia
Silvar HMOs
Plastic Hz50,, HaOe, HNOs, HCI
Othars Added appropriate reagent 1o tofal digestion
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

TESt REPI‘JI‘[ Mo. - CE/2017/A5173 Date : 2017/11/01 Page:Gof9

Shin-Etsu Chemical Co., Lid. L LU ER Y
13-1 lsobe 2-chome, Annnaka-Shi, Gunma, Japan

Analytical flow chart - Halogen

] Technician: Rita Chen
] Supervisor: Troy Chang

Sample pratreatment | Separation

!

Waighting and pufling sample in cell

!

Oxygen Bomb Combuwstion / Absorption

Dillution to fixed voluma

I

Analysis was performed by IC
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Test Report no.:cenoiiasiza Date : 2017/11/01 Page:70of9

Shin-Etsu Chemical Co.,Ltd. L BRI o )
13-1,Iscbe 2-chome, Annnaka-Shi, Gunma, Japan

Analytical flow chart - Phthalate
®  Technician: Andy Hsu
®  Supervisor: Troy Chang
[Test method: IEC 62321-8])

Sample pretreatment/separation

!

Sample dissolved/extracted by THE

:

Dilute Extracted solution

'

Analysis was performed by GC/MS
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Surface Acoustic Wave Filter SFHG93AA402
LTE B41F Rx 2593MHz 1.1x0.9x0.5mm’® 5pin lay-out Version : 000

Test Report no.:ceroiasiza Date : 2017/11/01 Page:8of 9

Shin-Etsu Chemical Co.,Ltd. L R o
13-1,Iscbe 2-chome, Annnaka-Shi, Gunma, Japan

Analytical flow chart — PBB / PBDE

®  Techncian : Yaling Tu

W Supervisor: Troy Chang
First testing process —» | Sample I
Oplional screen process sses

Confirmation process = «» l
| Sampie pretreatment |

'

llllll...l..l....l.l..lll.l.ll.l.l.t
Screen analysis H
IIIIIIIIIIIIIIIII'Illl.llllIllllllI;
v
Sample extracton /
Soxhlet method
T
v
Concentrate/Dilute
Extracted solution
T
v
| Filter |
T
v

| GC/MS |
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Test Report no.:cenoimasiza Date : 2017/11/01 Page:90f9

Shin-Etsu Chemical Co.,Ltd. T

13-1,Isobe 2-chome, Annnaka-Shi, Gunma, Japan

* The tested sample / part is marked by an arrow if it's shown on the photo. *

CE/2017/A5173

** End of Report **
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LTE B41F Rx 2593MHz 1.1x0.9x0.5mm> 5pin lay-out Version : 000

13-4. RAW MATERIAL(GOLD WIRE)

Test Report No. SHAEC1818655211 Date: 24 Aug 2018 Page 1 of 23

TANAKA ELECTRONICS {(HANGZHQU) CO. LTD.

F1 AREA, WEST NO.19 STREET, NORTH NO.10 STREET, HANGZHOU ECONOMIC&TECHNCLOGICAL
DEVELOPMENT ZONE ,HANGZHOU

The following sample(s) was/were submitted and identified on behalf of the clients as : Au Bonding Wire

SGS Job No. : SP18-028471 - SH

Date of Sample Received - 17 Aug 2018

Testing Period : 17 Aug 2018 - 23 Aug 2018

Test Requested : Selected test(s) as requested by client.

Test Method : Please refer to next page(s).

Test Results : Please refer to next page(s).

Conclusion - Based on the performed tests on submitted sample(s), the results of Cadmium,

Lead, Mercury, Hexavalent chromium, Polybrominated biphenyls (PBBs),
Polybrominated diphenyl ethers (PBDEs) and Phthalates such as
Bis(2-ethylhexyl) phthalate (DEHP), Butyl benzyl phthalate (BBP), Dibutyl
phthalate (DBP) and Diisobutyl phthalate (DIBP) comply with the limits as set by
RoHS Directive (EU) 2015/863 amending Annex |l to Directive 2011/65/EU.
When tested as specified, Dimethyl fumarate(DMF) content of the submitted
sample comply with Commission Regulation (EU) No 412/2012 and Entry 61 of
Annex XVIl of REACH Regulation (EC) No 1907/2008

Signed for and on behalf of
SGS-CSTC Standards Technical Services (Shanghai) Co., Ltd.

I""% Yo

Jenny Yao
Approved Signatory
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Test Results -
Test Part Description :
Specimen No. 5G5S Sample ID Description
SM1 SHA18-186552.008  Golden metal wire
Remarks :
(1) 1 mg'kg = 1 ppm = 0.0001%
(2) MDL = Method Detection Limit
(3) ND = Mot Detected ([ < MDL )
(4) "-" = Not Regulated
RoHS Directive (EU) 2015/863 amending Annex || to Directive 2011/65/EU
Test Method . With reference fo IEC 62321-4:2013+AMD1:2017, IECE2321-5:2013, IECE2321-7-1:2015, IEC
62321-6:2015 and IECE2321-8:2017, analyzed by ICP-OES, UV-Vis and GC-MS.
Test ltemis) Limit Unit oL oos
Cadmium (Cd) 100 mgkg 2 ND
Lead (Pb) 1000  mgkg 2 ND
Mercury (Hg) 1000 mgkg 2 ND
Hexavalent Chromium (CrivI))~ - pgcm® 0.10 ND
Sum of PBBs 1000 mgkg - ND
Monobromobiphenyl - mgkg 5 ND
Dibromobiphenyl - mgkg 5 ND
Tribromobiphery - mgkg 5 ND
Tetrabromobiphenyl - mgkg 5 ND
Pentabromobiphenyl - mgkg 5 ND
Hexabromobiphenyl - mgkg 5 ND
Heptabromobipheny - mgkg 5 ND
Octabromobiphenyl - mgkg 5 ND
Monabromobiphenyl - mgkg 5 ND
Decabromobiphenyl - mgkg 5 ND
Sum of PEDEs 1000 mgkg - ND
Monobromodiphenyl ether - mgkg 5 ND
Dibromediphenyl ether - mgkg 5 ND
Tribromodiphenyl ether - mgkg 5 ND
Tetrabromodiphenyl ether - mgkg 5 ND
Linisss oiherwins agresd in witing, Sis documenl @ ssusd by Se Company amc: u: "t O-ml Canditions of Serece prinied
e o o s LI % Sondiom “"‘""‘“‘“""‘".
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Test Reporl Mo. SHAEC 1818655211 Date: 24 Aug 2018 Page 3 of 23
Pentabromodiphenyl ether - mgikg 5 ND
Hexabromediphenyl ether - ma'kg 5 ND
Heptabromodiphenyl ether - mg'kg 5 ND
Octabromodiphenyl ether - mag'kg 5 ND
Monabromodiphenyl ether - maglkg 5 WD
Decabromodipheny! ether - mgikg 5 ND
Di-butyl Phthalate (DEF) 1000 malkg 50 MND
Benzyl Butyl Phthalate (BEP) 1000 malkg 50 MWD
Di-2-Ethyl Hexyl Phthalate (DEHF) 1000 malkg 50 ND
Diisobutyl Phthalates (DIBF) 1000 malkg 50 ND
Motes
(1)The maximum permissible limit is gquoted from RoHS Directive (EU) 2015/863.
IEC 62321 series is equivalent to EN 62321 series
http:/herww cenelec.ewdyniwww F7p=104:30:1742232870351101:::F5P_ORG_ID,FSP_LANG
_ID:1268637 25
(2)* = a. The sample is positive for Crvl if the CrYvl concentration is greater than 0.13 pgicm®.
The sample coating is considered to contain Cryl
k. The sample is negative for Crvl if Crvl is ND (concentration less than 0.10 pgfcm®). The
coating is considered a non-Crvl based coating
¢. The result between 0.10 pgicm® and 0.13 pg/em? is considered to be inconclusive -
unavoidable coating variations may influence the determination
Information on storage conditions and production date of the tested sample is unavailable
and thus Cr(V1) results represent status of the sample at the time of testing.
Element{s)
Test Method - With reference to US EPA Method 3050B:1596, analysis was performed by ICP-OES.
Test ltemi(s) CAS NO. Unit MDOL o05
Beryllium (Be) moglkg b MD
Beryllium oxide (BeQ) + mg'kg 15 MD
Antimony (Sb) mglkg 10 MND
Anfimony trioxide (Sbz02)* ma'kg 12 MO
Arsenic (As) mg'kg 10 MND
Diarsenic trioxide (As204) + 1327-53-3 moglkg 10 MD
Diarsenic pentacxide (As20a) + 1303-28-2 mg'kg 10 MD
Motes
(1) + Calculated concentration of BeO is based on the identified Be
ot e s, ot b B 2T, ot S, ot Saric et
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Calculated concentration of Sbz0s iz based on the identified Sb
Calculated concentration of diarsenic pentaoxide and diarsenic trioxide are based on the identified
arsenic and lead

Halogen

Test Method - With reference to EN 14582: 2018 , analysis was performed by IC.

Test tem(s)
Fluorine (F)
Chlorine (CI)
Bromine (Br)
lodine {1}

e

Upit  MDL 005

mgfkg 50 NDO
ma'kg 50 ND
mg'kg 50 MD
mg'kg 50 MD

Test Method - With reference to 150 17353: 2004 with carbamate, analysis was performed by GC-MS.

Test ltemi(s) Unit MDOL 005
Tributyl tin (TBT) magkg 0.02 NDO
Dibuty tin (DBT) magkg o.02 ND
Dioctyl tin (DOT) mgkg o.02 ND
Tripropyitin (TPT) magfkg 0.02 ND
Bis(tributyltin) oxide (TBTO) + magkg 0.02 NDO
Motes :

(1} #Calculated concentration of TBTO is based on the identified TBT.

Paolychlorinated Naphthalenes (PCNs)

Test Method - With reference to US EPA B0OB1B: 2007, analysis was performed by GC-MS

Jest ltemis) Unit MDL - 005
2-Chilorinated Naphthalens magfkg 5 ND
1,4-Dichlorinated Naphthalene mgfkg 5 NDO
1,5-Dichlorinated Naphthalene ma'kg 5 ND
1,2-Dichlorinated Naphthalenes mg'kg 5 MD
1,8-Dichlorinated Naphthalene magfkg 5 ND
1,2 3-Trichlorinated Naphthalene mgfkg 5 NDO
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Jest fem(s) Unit MDL 05

1,2,3 4-Tetrachlorinated Naphthalene mg'kg 5 WD

1,2.3 4 6-Pentachlorinated MNaphthalene magfkg 5 ND

Octa-chlorinaed Naphthalene mag'kg 5 ND

1-Chiorinated Naphthalens mg'kg b WD

Short-chain Chlorinated Paraffin (SCCP)} and Medium-chain Chlorinated Paraffin (MCCP}

Test Method :  With reference to US EPA 3550C: 2007, analysis was performed by GC-ECD [ GC-NCI-MS

Test ltemi(s) Unit MDL 005
Short-chain Chlorinated Paraffin (SCCP) (Cie-Cas) mig'kg 50 ND
Medium-chain Chlorinated Paraffin (MCCF) mglkg &0 ND
[CM—CW]

Red Phosphorus

Test Method - 5G5S in house method{SHTC- CHEM- SOP -342-T), Analysis was performed by ICP-OES and
Pyrolysis-GC/IMS

Test ltem(s) Unit MDL 005
Red Phosphorus mg'kg 500 ND
Motes :

For Positive result, the testing result is based on the worst-case scenario, and confirmed by
Pyrolysis-GC-M5.

Tetrabromobisphencl A (TBBP-A)

Test Method ©  With reference to US EPA 3540C: 1996, analysis was performed by GC-M3.

Test ltem(s) Unit MDL o5
Tetrabromobisphenaol 4 (TBBP-A) mg'kg 10 MD
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PVC {Polyvinyl chloride)

Test Method - In-house method (SHTC-CHEM-50P-115-T), analysis was performed by FTIR/MHATR.

Test ltem(s) CAS NG Unit DL o5
PVC 9002-86-2 - - MNegative
Notes :

(1) Megative=Undetectable Positive=Detectable

Commission ulation (EU} Mo 412/2012 and Entry 61 of Annex X\l of REACH ulation (EC) No
190772006 - Dimethyl fumarate(DMF)

Test Method - Solvent extraction, analysis was performed by GC-M5.

Test ltem(s) Limit Unit MDL Jre=3
Dimethyl fumarate(DMF) 0.1 mg'kg 0.1 ND
Bisphenol-A

Test Method - With reference to US EPA 3550C: 2007, analysis was performed by HPLC-DAD-MS.

Test ltem(s) Unit oL 05
Bisphenol-A mg'kg 1 ND

Polychlorinated Terphenyls (PCTs)

Test Method - With reference to US EPA 8082A: 2007, analysis was performed by GC-MS

Test ltemi(s) Unit DL a05
Aroclor 5432 mag’kg 5 ND
Aroclor 5442 mg'kg 5 ND

Hexabromocyclododecane (HBCDD)

Test Method - With reference to IEC 82321:2008, analysis was performed by GC-MS.
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Test tem(s) Linit MDOL 05
Hexabromocyclododecane (HBCDD) mag'kg 10 ND

Bolychlorinated Biphenyls (FCBs)

Test Method - With reference to US EPA B082A: 2007, analysis was performed by GC-M5

Test ltem(s CAS NO. Unit MDOL 005
24 4'-Trichlarebiphenyl (PCE 28) 7012-37-5 mgky 0s MO
2.2' 5 5-Tetrachloro-biphenyl (PCB 52) 35693-99-3 mg'kg 05 MO
2.2' 4 5 5_Pentachloro-biphenyl (PCB 101} 37680-73-2 mgkg 0& MD
2,34 4" 5-Pentachlorobiphenyl (PCE 118) 315058400-6 mgky 0s MO
2.2' 34 4" 5'-Hexachloro-biphenyl (PCB 138) 35065-28-2 mg'kg 05 MO
2.2' 4 4" 5 5'-Hexachloro-biphenyl (PCB 153) 35065-27-1 mgika 05 MD
2.2' 34 4" & B -Heptachlorobiphenyl (PCB 180) 35065-29-3 mg'ky o0& MO

Phthalates Content

Test Method - With reference to IEC 62321-8:2017, determination of phthalates by GC-MS.

Test Htemi(s CAS NG Unit MDL 0os
Diisononyl Phthalate (DINP) 28553-120 mg'kg 50 MWD
[68515-48-0
Di-n-pentyl Phthalates (DnPP) 131-18-0 mg'kg 50 WD
Di-n-octyl Phthalate (DNOP) 117-84-0 mg'kg 50 WD
Diisodecyl Phthalate (DIDF) 26781-40-0 mg'kg 50 ND
[68515-49-1
Dihexyl Phthalates (DnHF) B4-75-3 mg'kg 50 ND
1.2-Benzenedicarboxylic acid, di-C7-11-branched and 6E515-42-4 mg'kg 50 ND
linear alkyl esters{DHMUFP)
Bis(2-methoxyethyl) Phthalate (DMEF) 117-82-8 mg'kg 50 WD
Diisoheptyl phthalate (DIHP) 718858-89-6 mg'kg &0 ND

Test Method :  With reference to CEN/TS 15968:2010, analysis was performed by LC-M5.
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Perfluorooctane Sulfonates (PFOS)™ 1000 mg'kg 10 ND

Perfluorooctancic Acid (PFOA) - mg'kg 10 MWD

Motes :

(1) Max. limit specified by commission regulation (EU) Mo. 757/2010 amending regulation (EC) No
B50/2004.

(2} * PFOS refer to Perfluorpoctanesulfonic acid and its derivatives including Perfluoroctanesulfonic acid,
Perflucroctane sulfonamide, N-Methylperfluoroctane sulfonamide, N-Ethylperflucroctane sulfonamide,
M-Methylperfluoroctane sulfonamidoethanol and N-Ethylperfluocroctane sulfonamidoethanol.
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ATTACHMENTS
Pb/Cd/Hg/Cr®*/PBBs/PBDESs Testing Flow Chart

1) Name of the person who made testing: Mena Jin/Gary Xuw' Xiaolong Yang/Sielina Song

2) Name of the person in charge of testing: Jan ShilMyra Ma'Luna Xu/Shara Wang

3) These samples were dissolved totally by pre-conditicning methoed according to below flow chart.
(Cre“‘ and PBBs/PBDEs test method excluded)

| Sample Preparation ‘

| Sample Measurement ‘
I

Pb/Cd/Hg/Cr PBBs/PBDEs ¥ Cr
h Y + 4
Acid digestion with Sample solvent Monmetallic Metallic
microwave [/ hotplate extraction matenal material

* v ABS/PCIPVC Others “’
Concentration/ Boiling water

Filtration Dilution of extraction p— exdraction
i Dissahving b igesting at
soluticn g by A
* ultrasaonication 150~180°C +
‘ Saluti ” Resid | ¥ ¥ Adding 1,5-
uticn esidus o .
‘ Filtration Digesting at Separating o d|!}henyicarba
* B0FC by get aquecus Zde for color
1) Alkali Fusion / Dry ‘ oS | ultrasonication phase development
Ashing I 1 T +
2} Acid to dissolve ¥ Vv
—‘_ I | DATA | | pH adjustment |
AAS ¥ DATA
| IcP-oEs/ | Adding 1,5-
*- diphenylcarbazide for
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ATTACHMENTS

Phthalates Testing Flow Chart

1) Name of the person who made testing: Shedock Gao
2) Name of the person in charge of testing: Jessy Huang

Sample cutting/preparation

!

Sample measurement

!

Solvent extraction

:

Concentration/Dilution

:

Filtration

'

GC-MS

DATA
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ATTACHMENTS
HBCDD Testing Flow Chart
1) Name of the person who made testing: Gary Xu
2) Name of the person in charge of testing: Myra ma
Sample cutting/preparation
Sample measurement
Solvent extraction
Concentration/Dilution
Filtration
GC-MS
DATA
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ATTACHMENTS
Halogen Testing (oxygen bomb) Flow Chart
1) Name of the person who made testing: Kevin Xu
2) Name of the person in charge of testing: Anne Huang
Sample cutting/preparation
Sample measurement
Combustion in oxygen bomb
Dissolved in an absorption
solution
Filtration
Analyzed by ion
chromatography. Double confim
by other instruments, if
necessary
DATA
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Version : 000
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Test Report No. SHAEC 1818655211 Date: 24 Aug 2018

ATTACHMENTS

PFOS/PFOA Testing Flow Chart

1) Name of the person who made testing: Richer Yu
2) Name of the person in charge of testing: Jessy Huang
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Sample cutting/preparation
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Sample measurement
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Solvent extraction
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Concentration/Dilution
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Filtration

LC-MS

DATA
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ATTACHMENTS
PVC Testing Flow Chart
1) Name of the person who made testing: Sally Liang
2) Name of the person in charge of testing: Grace Chen
Sample cutting/preparation
FTIR
Check wave-number of C-Cl
bonding
Data
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ATTACHMENTS
Organotin Testing Flow Chart

1) Name of the person who made testing: Alex Deng
2) Name of the person in charge of testing: Myra ma
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Sample cutting/preparation
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Sample measurement
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Solvent extraction

Derivatization
Liguid-liquid extraction

|

Concentration/Dilution

'

Filtration
GC-MS
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ATTACHMENTS
PCB/ PCT/ PCN Testing Flow Chart
1) Name of the person who made testing: Jenny Zhang
2) Name of the person in charge of testing: Brin Feng
Sample cutting/preparation
Sample measurement
Solvent extraction
Concentration/Dilution
Filtration
GC-MS
DATA
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Surface Acoustic Wave Filter

LTE B41F Rx 2593MHz

1.1x0.9x0.5mm’ 5pin lay-out Version : 000

SFHG93AA402

Test Report
ATTACHMENTS

No. SHAEC 1818655211 Date: 24 Aug 2018

SCCP/MCCP Testing Flow Chart

1) Name of the person who made testing: Jenny Zhang
2) Name of the person in charge of testing: Brin Feng
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Sample measurement
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ATTACHMENTS
Elements Testing Flow Chart
1) Name of the person who made testing: Meria Jin/Sielina Song
2) Name of the person in charge of testing: Luna Xu/Jan Shi
Sample cutting/preparation
Sample measurement
Acid digestion
Filtration
Solution
ICP-OES/AAS
DATA
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ATTACHMENTS
Red Phosphorus Testing Flow Chart
1) Name of the person who made testing: Sally Liang
2) Name of the person in charge of testing: Grace Chen
Sample cutting/preparation
Sample measurement
ICP-OES/Pyrolysis-GC/MS
DATA
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ATTACHMENTS

DMF (Dimethyl fumarate) Testing Flow Chart

1) Name of the person who made testing: Alex Deng
2) Name of the person in charge of testing: Myra ma

Sample cutting/preparation

|

Sample measurement

'

Solvent extraction

.

Concentration/Dilution

|

Filtration

GC-MS

DATA
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ATTACHMENTS
TBBP-A Testing Flow Chart

1) Name of the person who made testing: Gary Xu
2) Name of the person in charge of testing: Myra ma

Sample cutting/preparation

'

Sample measurement

'

Solvent extraction

Derivatization
Liguid-liquid extraction

'

Concentration/Dilution

'

Filtration

GC-MS

DATA
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ATTACHMENTS

BPA Testing Flow Chart

1) Name of the person who made testing: Richer Yu
2) Name of the person in charge of testing: Jessy Huang

Sample cutting/preparation

'

Sample measurement

!

Solvent extraction

'

Concentration/Dilution

|

Filtration

'

HPLC-DAD-MSILC_MS

'
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