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CFRP Recycling Technology Using Depolymerization under Ordinary Pressure

%H B8 Katsuji Shibata Rl %8 Mitsutoshi Nakagawa
MERAR FRESWMER

Salé

BEBRFEIY VEB=HUILERYIIWT VA=)V ZEBWNT, kEfialt 7> XAF v o (CFRP) D IR+ #ihE (EP)
ZREGULTCOALL, K&K (CF) CEPRESYZDROINT 2T CHd. TDHEICKDT, 200°C, 10hDERHET,
FEREHTZAST Y M ORGHEZLOIL, ZNEREHICLUT, CFRPICEBFIAUER, FimEBFEOHMIMES
BIdTEN DD olce —A, BN UEEKYEICEPBRESYICDOVCIE, IRNVINNIRTIVEER-IF—ILHEF
NCTWa T EDTMD, TNSIFVTFNEEPDREBHCEE TEDAIEEEN DD, REIE, EUNCFELUNEPDBAEMAFRZT
IDICHRZED T D,

We have developed carbon fiber reinforced plastic (CFRP) recycling technology using depolymerization of cured epoxy resin
(EP) under ordinary pressure. Carbon fiber (CF) was recovered from used tennis rackets by dissolving EP with tripotassium
phosphate as a catalyst and benzyl alcohol as a solvent at 200°C for 10h. We were able to produce non-woven fabrics with the
recovered CF using a carding machine. With these fabrics we then produced recycled CFRPs, and measured their mechanical
properties. Their properties were nearly equal to the CFRP using commercial fresh CF non-woven fabric. At the same time, the
depolymerized EP cured with acid anhydride was analyzed with HPLC and NMR. Our results showed that the depolymerization
was proceeded by a transesterification to produce diesters and bis-diols, which can be used for recycled EP.

CFRPIL, BERALIC X 2B oM LS5 & LT, Mz HEI 2 EOMBE RO @B 2I KL Twb, LY LAED S
CF%%m@“éFﬁ%&, EIFH, SR TRET 2700, 20T f V-2 b8 E L, RESZEFN(LCA) OfETIL, I)ﬂif‘c
TV TIE e wE &b, CFRPZ AV Clinabids & B b 3 AUTREHIEIR T & 2 2%, PGSR COREPITHIR
PEONBRE LV W KFOEGES ORESH VY, 2ouiEE LTIE, HEAOREESE)> 5B 7-CF%, [Af
DOEEFICHAHAT 5222, REOHEE LTV,

CFRP» & CF% MUY L CH U CFRPICFIH T % U 4 7 VHA N, FRERELI LT RWDS, FEHLRE R oHMi & LT
XFR VIR THIND D 5,

WL MRS, WA SH, =1L A4 3 RS0 =4 TlE, 500C ~700C THHIE 2 20 L CTEr 23 % L fiikic

A 7 VERERETTH S, 20104 IR KRR TICH 5 AT — 27 2 TEKRREHOFTET T~ M zrufb
THI¥LL, FM1000 b > DCFRPY %A Z VAW EEIZ % Bo [ UEGMRIETIED 2%, BHEORLEE Lz, Ew»
CEASHILT & 2 ¥eihi % i ek X At 2spags L 72" ML 72CFE2EE O E S WM 25k b B L, BB AHi % i
FER oI AETRETE 5, WHREINS P/ HORIBENET %,

HIRFEOME 51, BER 7 Va2 — )L ZFH L72CFRPY %4 7 LEH 2 NEDODBIKIZ & - THDH T W B, iR
A% )=V HWTCFRPO~ M) 7 ARG TH HEP% ik L CCF2 BT %0 0 L72BHRIE A ¥ 7 — vz B L Califb

1 EARICHTBCFRPT I AL H A 7 IVEGR

Table 1 CFRP chemical recycling technologies in Japan

E H #OHE BERF A HERR AL BEARRE
# L, #®AZEL13 SN FRKE HEARKE =vE[457
B E 500-700C RER 250-350C 300-400C 200°C
E A BE BE 5-10 MPa 1-4 MPa BE
P il & A=) NTIITILaA—)b N ITILa—)b
. i i3 i TILh ) EEE TIVh)2EIE
BIALER boaxed & boared = i
IRREH (BEIRHAIE) 1,000 b > /5 60 b >/ (5L) (0.5L) 12 k >/£E (200 LX21%)
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CFRPZALHT B A0, it LT YER=4 0 7 4 (K,PO) W, L LTI IVT VT =)V (BZA) 7 W72 4L
MW AT %5, K;PO,, BZAL S EMBNMIITIREEINTEY, AMRICHT 2LZE&MITE . Z OBEMLEE 2 v, %
JEF, #200C CTCFRPZ L3 E, EPFILIZ ML IS ES L CuE (b L, BEO R WCEARINTE 5, ALBLRH X
CFRPOE L2 A EN 5%, BERI10hTT X TOEPYEMT %

WD I H )4 7 VEA & IR L2354, SEBRREICEZ=Z20OKRELEELRH 5. EE T TOMIEARTRER Z &, 1
PEASHILCTE 2 2 &, MESEORMMARELRZ ETH D, SRHIFVTRD, BT OREOE % BIRNICLITT 2720
D, BRI L BEOMAGDOEERB L2288 %, FETTUHETE 2 2 LIFRMERAMICIAZON, Lid sk
MBIEEIZ X o TREROIZ FHIR LR T Ve T2, BIRL 28R 2 Ham5 i, B IMifEo sk e LCHHT
X 2o W, BILIAARE R 2 212 X B A, B, OB ZEIRTE 2128 2 57, MM ORRIERICE D %25,
WL 723A4021%, BT E 2R RS I mmU TOE NSO TH Y, b & L CoFAMIINEETH 5, BHIZ, 2ok
HEOETIE, BT X 2R, Bk otz Ts %,

[ [ormpommea

CFRPZ HW/REM B AR=Y M TH LT AT 7y bROLWIINFI Y NIy NEEERRE UL
1, M2RTY, 72294 v METXTFRPET, LT 72HEME, HTCFRRELECFTh o7z, £72, Sl
WS KRI VI UYSHAy b5, ThVIZ 287V —24, KBOZ) Y7, %7 MIUEH IR TW/2CFZRILL 72,
WEFNOT Yy PHWMBIC X > THEELZ720, TATIVRRY S —#_Z S5 L7z 2OLHIT, AHFTETIVI=Y
A, KMARENZOFEFFERINTEXL I L L RELEMTH S,

WEBREICE > T 7 v M O NSRS R 2> 5 X L 7:CFOSEME HE.2 K 3 12, HiliMEo 5 IR R4 & 2
VRT Y, WERO 720, B RETREILL 72CF & HdhOCF b I TRd o WIS TRIEM 2 S UL L 72CFid, iR
BHMEIFIERSETH o720 T2, T4 v FHSEIINL72CRIZIZHMGAH 5205, FHIIHAIE L W-oEH L 20Tl
BWEHEET B0 FIRREBERIC OV TR E RS ETH Y, CFRPOLH & L CHIHTE B REMEATE V.

i_ ; 2.

1 CFRPEFZ=XZ /47 v bOBHENIER (£) & 3R (FH) 2 CFRPE/NKI Y b2 T4 vy MOBRRIERT () &R (R)
Figure 1 A treated CFRP tennis racket, before (left) and after (right) Figure 2 A treated CFRP badminton racket, before (left) and after (right)
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Figure 3 SEM photographs of Recovered CFs

2 [EYNCFO B RAGRIER

Table 2 Results of single fiber tensile tests of recovered CFs

B B Y b DR 4 AR EIY HRCFY v b
5|3R58 & (MPa) 3,200 4,393 3,459 3,198
iR (GPa) 188 303 301 152
{80 (mm) 0.34 0.29 0.23 0.21

I

CFRPA 5L E N 7-CFIZMIRTH Y, 2D F L TIECFRPOAFERRIMET T 5 & & 12, BIF2EEOCFRPAEE T
EhVwEPHL, 2oxtike LT, BUICF% 7AiM OVER L &2 MET L7zo AT OFER T 30z 0k L gk
BN, TROLOVTROHREMNATYH, FLCEABAAERTE 5 2 L2300 - 72 WM % &0 5 45 Hf 2
RS 2H — P2 L, BREREREEEZENT 5, CRIGEBNETDH 5720, MIEMIC 0 2 Ma0 5250 S T
WBHWEEDD B,

EUXCF % F W CH S CAMAT 2 F 9 27201207 — FREZEA L7z, ZO®EE TR L MM EZITV, B4 ITRTH Y —
MROCF & B EQ TAREAT AR L7z 145 N2 ICFARRAT 2B 5 1R T o T ORMA 2 VT, EMRIEEIC L > T
CFRPZFMEL 72 BUE L 72V ¥4 7 WCFRP % X 6 (277§ o Hhff & HLit L 72 & & & MRS, 25 TN L 72CF DA #k A,

5 [EUNCFR#T
Figure 5 Recovered CF non-woven
fabric

4 H— FH#EIC & B ENCFR& T DR
Figure 4 Production of recovered CF non-woven fabric with a carding
machine 6 BENCFR&E&HmzRAWEUY
1 7 JLCFRP
Figure 6 Recycled CFRP using recov-
ered CF non-woven fabric
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INSDOREENS, WIFNONBINCFZ HW2¥6h, HmdOCF~ Yy bOCFRPEE LT, KEREVIIRYST,
CFRPICEHIWHREL E 2 %0 4B, 25%L L CHMESET T 501, BIBICHER L7 F 723800 RkE TR, B
IR TE o2 LD RN EE L 5N 5,

200 8
6
5]
%
L
o4
(GPa)
2 /
L 0 L L L
30 40 0 10 20 30 40
CF&HE (vol%) CF&H= (vol%)
7 UYA JICFRPDS[RM 8 YA JICFRPDS|RMEIEER
Figure 7 Tensile strength of recycled CFRPs Figure 8 Tensile modulus of recycled CFRPs
72 L4
300 A HARRE
20
SHECFYy b
i
%
b 4
= 3
(GPa) 10
0 - - - 0 n L
0 10 20 30 40 0 10 20 30 40
CF&H (vol%) CF&EHE (vol%)
9 UUHA JILCFRPDH Fil & X10 Y41 7 IJLCFRPMDRA T iEMER
Figure 9 Bending strength of recycled CFRPs Figure 10 Bending modulus of recycled CFRPs
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V72 I 0 O o
(Am) # i 727 3 Y WALEP(EP/Am) & FR &KW OA_PO/_V + ‘Cz;g
(0]

(Ah) 2 W72 R KW EE{LEP (EP/Ah) TH 5o HITE

IR B IR O A F VRS I CH B E PO gy ciay! etner l ool otk

TV I — VTS 5 T AT VRIS % ff H A2 F

ALTWwA728, ZhF TIZEP/AhDCFRPO AI25# {2:2; H OO 0\_(0—0

MLT&7 LAL%EDS, EP/AmZNGE L2w 4 -

FE V3 0 2 72 4 fF R £ 5 C, EP/AmIC b3l o ° L

HTEHIEDWSNPIR 72" EP/AmOIRES Q O% %—@— p

FUB RS IZ D> W CIRBAEMATH Th 525, Zhick- O o Q

TREGFOCFRPD Y A 7 VA H LA T — _

X5 kilhol °Q @. C{Eg;';’;";‘;ﬂ‘(ﬁ:f“
EP/AhO AT Tt S A > TH Y, N with anhydride)

— A - A IS A S, S Depol izati Benzyl alcohol
EATWIBIUEN & > CHIRA L, sy etz | O
NIAFNERZTA—VOBESWHERT 57, on
EP/ Ao i 45 U & BT3RS JQ:‘OO + oy 9~<OHHO-d on

CNLDERWA LT 2 EICL 5T, EPTL <o R
R =DHETEDLEZ %o Dibenzyl methy! 2,2-Bis[4-(2,3-dihydroxypropoxy)
tetrahydro phthalate phenyl]proane

11 EP/AhDOHEREERIGR
Figure 11 A estimated depolymerization reaction of EP/Ah

[[s [msoroicn ==

BIRLBLT S, CEEAENS0 wt%DCFRPE T = A5 v M & L7z, WHEGMETUEL L 72858, %X 108ER <
TRTOBBEPEW L, EPMEAMECFZ ML 720 ALEE % 1,0004/H, 20004/H, 170004/ H® 3L ZEL, %
NEIITH L7 ihis & LB 2 g U, AR R, PR R, @B IR CRELRIAVT—25EL, Tho 245
L CCFO U BE LB T AV F— 25 L7,

ZOREF, WBLEATL0004/ H, 20004/, 170004/H D412, Th2hol MJ/kg, 78 M]J/kg, 63M]/kgTh - 7=
(R12) s 170004/ HOBEDONRE 2B &, HEIAIVF—738 M]/kgT, &kDORI60%% 505 2 L0350 -7, CFlHl
N AN F =2 TR T 572012, WHFHOH 722 BE L2 T2 FETH 5.

PrimCEOBTE T 3L F—286 M]/kg' ™ £ O TR, WTFROLHETH T AVF—I13/hE A0, 170004/ H TiEH
/AT % (F13) .

100 400
91
80 300 286
I I
% 60 S
V12
L 4
QF T 200
|
MIkg) *° (MJ/kg)
100
20
FEmBZA
0 i 0
JLIBE1,0004/F fUIEE2,0004/F LIBE17,0004/ B A2 E17,0004/ A FEACFEhE
M12 BEBREICESEUCFI RILF¥— 13 BEBRECHRCFEEND T XL — &
Figure 12 Energy of recovered CF by dissolving method under Figure 13 A comparison of energy of a recovered CF by dissolving
ordinary pressure method under ordinary pressure with a fresh CF on the market
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Photosensitive Film for HDI Optimized for DI

BH WX Tetsufumi Fujii. ~ TEESB Tatsuo Chiba RIR £&% Takuya Kajiwara
HREMBIERAT STEMPSERT BRI

1 8 =

FEEAL - W& REAL 7)) v b I (HDL High Density Interconnect) @ BIESIER LTI, fitkoa > ¥ 7 M#EGEH A
Wb Y, EREFEOE A (DL Direct Imaging) ®EANHEATWLY, DITI ¥ ¥ 7 MBI HFRFEEO LN % EH T 51213,
HEEEEEOCE 7 4 VAPRETH Y, X 5HICHDIRH Y — v ORBEICHY, BFGg - SEEEb RO Twna,
LTI, 2N S OFR Z G 3 5 HDIRFEIE R DI IS EOEE 7 4 W A 2 fil56- LT L Tw b, RETIE, 2 s o848 5,
BIOBUERA T v VBRI DR, B3R PMSMET 5 2 & 2R &3 4584 (DL-3600> ) —X) Dita v 7+ %
I3 %0

Direct imaging (DI) has been introduced into the patterning process of HDI instead of conventional mask contact exposure
method. To achieve high throughput equivalent to conventional method, DI needs photosensitive films with high sensitivity.
And recent increasing density of HDI requires properties of higher resolution and adhesion. We have been developing and
marketing photosensitive films with these properties. In this report, we discuss the design concepts of our products for DI, and
the new product (DL-3600 series) featuring less development sludge and smaller stripped flakes.

2 SfRm0iER

- BHDIFHEIHNIE T B 54 > 7 v TEFiA, LR EIC B

© LY A MERAEIE TGN - BEEOREDIL <, B F 01 I E
BB A T v VHRELD R, BETA o X T F v AR ER

X KEER SR LT 2720, 1ZKEET A YD X VT F v AR B R

3 FIRORERE

IAEOHDIOBEEAL - BEEACE Y, BEMESLERESRBER TROEELZBELE ZoTnd, 20D, HIK
OFHFEACIB L CENRT -7 2BIET 52 LT, BREOEAHLEEZ WL 3 2DIOEANMEA TV S, HDIHEZKH
DIGFISIEEYE 7 1 v 221%, 2> % 7 &) AR S o A e T HE /4 M BEEE (Line/Space) =40/40 pm D Bt N 7 — ¥ %I
B3 572012, LY A MEE20~30 um THEET A LV ¥ —110~25 m]/cm’®, BURHRIREME20~25 umDIFEAER SN Tw b,
—HT, WEROBOGHET 4 VAR, BUERA T v VHFEID LV LR, E KBRS LT TH L 2 LAHET 1
DAY TF AOBE PO EHEERI LTV S,

1. XBAERINEDREE

JEERIRAKIA N R 2 B R LK XA LT A, T4V AD
WOREE DSBS 5 728, LY A MRIRIZEETE & 4 ) fls g
PEASEALT % (K1) MBI, xS 3 % DIFE LR O G
BRI U OLRHGAHR ORE - mne % modfb3 52 LT, #
NS L WA Z I L Tw b,

R T T
1 RAREIRME & L2 X MERORBER
Figure 1 Relationship between amount of photo initiator and resist profile
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2. BRKMNA L H—KRUTDTg - RifiRE L

FREMER ER L VA FORA Y RSMRIIE, BAKENA 5 —FR)<OMHAPERNTH L (R 2). BUKMENA ¥ F—FKY
DI T AL (Tg) A3 EHENEDN R B 2%, BRI EEMET L, BUEA 7 v VHREIH R 2\ D %
(R3)o FBMMAENITE, BURMEARC 2D, MEEDPIEST 205, ECHRYA AHPRERY, #iko—ViZikao
ERTL LMD L (B 4). HEMDL-3600> ) — 1%, Tg - BRAli 2 @ l L72BIKENA ¥ =K <2 flil§52 &
T, BGA T v VHRED D%, G SEERDHMGALTRETSH ) A5, BREEE 2V O L VX MEREZFEBL TWb,

B2 NALHE—R)IOEAKEEL TR X IIRDBER
Figure 2 Relationship between hydrophobicity of binder polymer and resist foot length

Binder polymer with optimized Tg
(DL-3630)

3 NALE—RYTDTge 25 v JiTEE DR
Figure 3 Relationship between Tg of binder polymer and development sludge dose (= sludge)

Optimized acidivz
(DL-3630) _

IJ :
K4 INALE—KR) OB E $ < BERFROBER
Figure 4 Relationship between acid value of binder polymer and stripped flake size

5 SiEDREH

KAACHDIM S H (Line/Space=30/30 umBtHR /< & — I ) DI GBI 7 4 )V A O BiSE

(B3]
D P AV A A= 2 7 B U RSk v AR, 12,
(2013), BT r—Fn
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tI7 7171 T HECHR B #"PF-EL”

New Material for Fine Patterning Package Substrates by Semi-additive Process “PF-EL”’

/NEFE = Hitoshi Onozeki  #Et 38 Tsubasa Inoue WE —R Katsuji Yamagishi
WREMBIEERT EBRMPIBEI EHRIRMEIFERER

1 8 =

WAE, A —=bF7 % R ¥ 7Ly PPCICRE SN DB TR O/NULRER LI, 28y 7 — VIR, BRI T
ML 2 E BT 2 M EDSRO ST Wb, —#IIS, IR L, 74 VAM A L7227 74 7 4 7 135 (SAP)
PRHENTWD, LaL, #FIA7aAANEMEH VWD, BELL2ERKOREOARERBREShE, 22T, =
ORI ) WO REE RIS 5 72012, SAPHIG T I 4 < fHEPF-ELZ % L7z PF-ELIX, ® - X§iB X O
g & DBABMENTZTIARELTLOT, H#ITAZ7TAANEMEHMAGDETHVS L, ERIVE L BB % W73
B8y r— VW SAPTHETE %,

The demand for miniaturization of electronic components and thinning has become stronger to achieve the miniaturization of
high-performance electronic devices such as smartphone and tablet PC. Thus, the high-end package substrate is demanded
to have higher stiffness and wiring density. We have developed new materials composed of the primer having high adhesion
property with electrolessly plated copper and glass-fabric prepreg. It is PF-EL. Combining newly developed materials with
glass-fabric prepreg, we finally obtained the build-up material for the higher wiring density and stiffness for the package
substrate. The obtained build-up material may expand the capability of the next generation packaging.

- SFEHALTER 2 FIH L72SAPIC X 0, BGIBECHIER AT EETH %0
<o ZH & OFEAEVEDE .
TN TV T E LB TH 5720, APEOEWHEHIHRER 275 2 L A°TE %,

3 FRDERE

AR, BRSO EERRIL, B LI, Xy =T
MO EEEAL, B LD EA TS, LeELEYES, T
5 OMHIEAR S v r — DERTIE, ENFT v TRICHWS
7 4V LM OFEBEINAE 5 THER O Z R (CTE) 255 Solder resist
M3 2720 T%<, I7EOEARLIZ L ZHIPEOK T A% Z \

< Build-up layer

DT B, ZORE, ZOAENL, FvTrTy s [ Inouieting fim
FAARAAE U DT C o TE T WD, SO0, < Core layer

Glass-fabric prepreg

ATRBECN T v TREOB I LT, Wk sl
EEIPALOER D E > T b,

DEoBER?2S, B1TIRT L) ICUTIENV T v
TRDT 4V AMIRb o T, REGEOWEST T A 7 1 A
A BEMORIICHED 7I 4 < HEBEAT LI LICLY,
TECAAE & BRI L OW LA e TH 5 L E 2 72, F 2 T,
STEICE umD T T4 < & AT L7z, SAPRIG T T 4 < {4
HOMIEE AT,

= <— Build-up layer
Primer +
R Glass-fabric prepreg
= < Core layer
Glass-fabric prepreg
1 PF-ELEER L&/ F— V&R

Figure 1 Package substrate using PF-EL
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1. PF-ELOEEIa >+ b

PF-ELIZA T A7 0 A A0 M 2, HEOHILIERIEE S HTIL A B c D E
R umBED T IA &R RTH I EERREE L TnD, KT 754 ® | & A ) )
FA =L, Bu—7a7 7 4 VIFEORLERZ B L2771~ Bl — | — | 80C/24 | 80C/54 | 80T/10%
KON 227 > —3h %, B IO & DM EEH O FZ37 |#E| — | — |80C/3% | 80C/84 | 80C/H55
WEHRBBEOBIRH~OLEAIZL Y, o &L DEEELEZN > T hEI| — | — | 40C/5% | 40C/5% | 40C/5 5
Wb 20720, STEHOMALIRIRE I X 0155 5% L7zl 10
ZHAEIEIR (R TEHL S Ra ¢ 040 umBLF) 2 A L 72SAPIZ X %

Bt & & b2, Do XMEDOFH VY = VIEEIF SN S EET & 0.8
LoTwh, e
| 0.6+
2
2. PF-ELO® - X $HE DM E .
2 IZPF-ELOHD - & % Jiti L 72 O ¥ — V3 JE il 2 4% e % 7R (kN/m)
To T4 PIENYEIZ0AKN/ MU T THo/zdo E¥— ViR 02l
FEAS, 794 <EEAT LI EICED07kN/mEL EiZ EL Ao
B LTz Tz, 7 AITAIIT L0 HISHEH AL IR 2 4 0.0 s s s s

A B C D E
2 E—-IJVRREDRITERER (8 o EHE 20 um)
Figure 2 Peel strength between PF-EL and copper plating

52LT, Do B VIEEDR LW THL 2 & 2MERL
DEXY, o943 Lo &L OWIE, LR 2B B
AR b & ZEACCENEA L T0 D 2 D0 h b

3. PF-ELOD#HHECHRZ A1
PF-ELOSAPIC & 2 A ECARIE B 2 B 3 10/R 97, Ml #i B (Line/Space) =10/10 um L )V O ECAIE B 25T 7 T
%5 ERMER U T2e F 7z, BEENEA 6 ikBRk (HAST) OFH%#E 4 12" F . PF-ELIE, ¥y FEBHOO~ A 7L —v 3
YN & B B AR VS T AR & S 7225, 300KE TR T b MBI H IR, BEhEREEE 2 AT L%
FEZRL 720

g . 1.E+14
: Line/Spac
sl
1.E+12*ﬁm—;" g W~ .
1.E+10 |
i Condition: 130C/85%RH
% 1.E+08 DC55V
(Q) 1E+06 1 /Bund up film
1.E+04 | —4— Line/Space=10/10 pm
g S Primer: PF-EL
S 4/ y 1.E4+02} \
3 PF-ELOMIMECAGRZIBE Substrate
i i ine li i . 1.E4+00 . . )
Figure 3 SEM image of fine line formation on PF-EL 0 50 100 150 200 250 300
#2ErEE (h)

4 HASTHER
Figure 4 Result of HAST of PF-EL

S SikOER

s RMRIT £ 37 71 7 1 THRABCHIZ A O B JE (AirFoil @ Fi%§)
ARSI (Ra © 0.2 umBLF) D@ B & O o &5l & DA VER L oG

(BEXHR]

1) D. Fujimoto et al, “New Fine Line Fabrication Technology
on Glass-cloth Prepreg”, 61" Electronic Components and
Technology Conference, pp.387-391, 2011
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XABGAR T IEBAEGE-1102) —X

Next Generation Molding Compound GE-110 Series for BGA

=ik A Yoshinori Endo Wl EEB Tomoaki Ichikawa
HHEMPIEEARE EBRMHEZES HIEMHBERER

1 8 =

FIEBHEOH T 4 X —~ORIETHRA ¥ b &% BEHEA F VHRTRAET 2HREEEAR LI LT, FERMFEMNIC
SOBIRThOA 4 Y SEELWES 2 HEZHILL, 04+ ¥ HEE EIHREEEA R E OMB 2 MR L7z Tl A+ v
EERBIERE T Y b o — V52 8T, REFEEZSE L. —7, 8RSy F—UANOIETHRAS ¥ MR DD
WCBILT, BBl @I X 2 BIBIRIRE(CTE) @2 ¥ bua— VM 2 M. L, KD 2o L7,

IMHAF U BEEEZ Y b= VT HHM, BROAERZ Y ba— V38 28AL, 7 AV —, BLOHE Y
= VR ASHIS AT RE 2 KAMEABGAIANT H I IRGE-1102 ) — X &2 Bl JE L 720

Regarding the HAST (Highly Accelerated temperature and humidity Stress Test) failure by Cl ion with Cu wire, we
established the method for ion mobility checking in molding compound by dielectric dispersion evaluation and then we
confirmed the correlation between ion mobility and HAST failure. In addition, we can improve the HAST performance with using
ion mobility control by resin structure optimization. And regarding the warpage control for thin package, we can improve the
warpage to use the CTE (Coefficient of Thermal Expansion) control technique by installing new additive.

We developed the GE-110 series with using these ion mobility control technique and CTE control technique for Cu wire
apply and thin package apply as new generation molding compound for BGA.

2 RO

RO F U BEEEAFIET ALY, HEEEERETRETAHBICIZBEZIHIL, AT Y — Sy r—IIC
R L7z
BRI P u— V3 AMEOMEHICE Y, BIEOBRREAHIEL, HE Sy r—Y oK) IR L 72,

3 FRORRE

WA T, RY < — AR, AR VR Yy MR 2 IS LT AL 2 R L e, T oH 2 L
GE-100 ) — X%&F5e L, BN27 4 ¥ —ifntk & BIF2MH BT, BGAMB IR Tomwy = 7 2B L T& 72,
LA LA S, BE, 94X —0RFBHELTHIA Y —o@H, HIZZHEI Sy r— VoL X 2 ) ZRI2HE,
BUTHMGE-100 ) — X TIMIEASHE L 2o T & 720

BTA Y —~DORIEIE, HEICIDWMEZIMH V5T ENELA LI THY, WHERMEERE ALY v Ty TH RN T
SIS LTW52%, Wik, BBtz B AL SR AEIA55 0, 74 Y —inlE, EERIELEE O ASRE S 2 b, )7, W
Ny r—=VORYICHLTIE, S, V) 7a—oR ) Z AT 57201213, BFoBEEREKCTEL/CTE2 %
SHICHIET 2 BERH Y, W T 4 T —mERAET LI E TS TE 2\,

Sl, Fr7zIHESL LR A & Y BB a > b — v, ik huo— Bz @A L, T4 v —B LAy
r— Y ORI IHRE L 72 KA BGATNT #1IEFBHGE-1103 Y — X 2 BI% L 72,

4 BREE
(1) BiEPOAFBEENIS FO-IL

FEBNMOME FLHEREIST) B ONT AT = =T 2R 1IIRT, 22 TI65T TOMEZIRAEX, 130T TOWAK
0.3 wt% D% H AR 3 IRBICHINS T 5, R 1I2BWT, 10°~10° HzOJHEBISIC R S 5 € — 27 1%, #IROME D5 TiE
ML TBY), COMBOSFERE LDITAF UPBHVTWE ETFHENS, GE110TIX, ZOE¥—27HBGE-100X Y
AR BIRCH Y, FFHED A F Y HEEIRNC EBW SN e 572, BB, GE110v ) — 2 TiE, BEomTelt, 4§
BRASIANC X 2 WK L O 4 F VBB EA G L T2,
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(2) ®iEEO#H:BERI bO—IL

WK AR D H B TEA L 723800#1E, BEP TR Y282 2 & THIEOCTE1 2 RE <, »OCTE2Z 4 T/hE
CHBETE LD ONE R o720 ZORER, EMOBGIREBIFOBBRDO I A~y F2dE L, Sy r—T DY

RN R D B T Do Tee BIRPHEEZR T ITRT

10° F£1 GE-100>Y) —XEGE-1102 ) — X DOYELEERTR
o B GE-100.LFCS Table 1 Comparison of GE-100 series and GE-110 series
m GE-110 ltem GE-100-LFCS GE-110-LS
% 10! i Epoxy Biphenyl Biphenyl
% - Fcon™' (wi%) 88.5 85.0
Additive for lowering moisture None Added
107" SF**(cm)@175°C 185 230
. o | ol GT™*(sec) @175C 45 39
! 10 107 102 107" 10° 10' 10® 10° 10* 10° 10° 107 CTE1 (ppm) 9 11
R (Hz) CTE2 (ppm) 39 40
1 FERMATHER (EXERE165C) Tg(C) 143 151
Figure 1 Dielectric dispersion 165C . : o
M0|stu°re absorption (wt%) 0.31 03
@130C, 85%RH
pH 5.6 5.6
CI” (ppm) 13 10

%1 Fcon: Filler content %2 SF: Spiral Flow

%3 GT: Gel Time

5 SiEDREH

* GE-1107 ) = XD 7 =)V K7 4 RO
ATV a VRIS, MUF*SHSA~o 8

%4 MUF: Mold underfill

(&3]

1) Tomohiro Uno, Bond reliability under humid environment for
coated copper wire and bare copper wire, Microelectronics
Reliability 51 (2011)pp.148-156

2) H.J. Kim, J. Y. Lee, et al, Effects of Cu/Al Intermetallic
Compound (IMC) on Copper Wire and Aluminum Pad
Bondability, IEEE TRANSACTIONS ON COMPONENTS
AND PACKAGING TECHNOLOGIES, VOL.26, No.2,
JUNE 2003

3) Tomohiro Uno, Takashi Yamada, et al, Improving Humidity
Bond Reliability of Copper Bonding Wires, 2010 Electronic
Components and Technology Conference

4) Hidenori Abe, Reliability of Cu Wire Packages and Mold
Compounds, Hitachi chemical technical report, No.54,(2011)
pp.32-33
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Doping Paste for Photovoltaic Solar Cell
BB B Takeshi Nojiri
MEEAI RSN

B= X8l Mitsunori Iwamuro
WHEMPIBEART FEMPIEER W —X MRS

BRERERACORE D S O EO R S, HAEVEZHARI AV —OFHPETEIHEHEATEY, H
THKREEHEEPV) HEFEIREEEL LTHF SR TY DY, HICHSSIRPVASE TIE, BIRT I v &% (Selective
Emitter=SE) &)V, /Nv 7 3> % 7 +# (Interdigitated Back Contact=1BC) &V & OVWj i 5 68 (Bifacial = BF) £V 12X
K EINDHBMEE SRRV ORFESZEITIME L T2, Ui, SO L) ZEARIELVICLERT R Y ¥ E7213F
TEOF—EYZIERL, b F=2%Y FO¥— LR IERDILEW B L T 0t A TIZEBT & oo BRI E
THEIC T % K=Y » 7 _*—2Z b (Doping Paste=DP) # B% L 7-® THiE T %,

In response to global trends such as environmental protection and abolition of nuclear power plants, renewable energy
sources have attracted attention increasingly”. Especially photovoltaic(PV) related business has been expected as a growth
industry. In the field of the crystalline silicon PV, the development of high performance cells of new structure such as the
selective emitter cell, back-contact cell and bifacial cell has been progressing quickly. We paid our attention to the doping of
phosphorus(P) or boron(B) indispensable to these cells. In this paper, we outlined the development of doping paste(DP) which
can diffuse P or B into silicon uniformly and selectively.

2 FEmOEER

CSHEWRPIZ F =32 b () rE 23R T R) 2T, A Y — Mo E
< AR R B AT L 7230500 =28 b ASEECT B MEfk GRIRIEFE) 295 o
c T EBAOBRENEL, 7By F U LRBEORIEIBNTH S,

3 FRORERE

1IN R HERDOPV I & B3RPV E IV (SEX VB X UIBCE V) O Wi 2773, Ui Tlx, PVEIVEEED b
LY FEMBHITLTBY, SEXVvon" " BIEEIInRIDPAIF#ECTH L &, F/2pMDPB X UNAIDPZHHT 52 LI2XoT
IBCoOp' @B X On" BRI D @

WHETHDILIZHEH LTV, 2000  BHE®EE(Ag) KA (SN
EFMNCEIE L72DPD 7 4 — VY o e B

A ' : ' + n#Si ++

FARATFANCEST, Vrdbosnid . pES II- LoeEsSL ovE_ TR PR

- pe —— -
AYEEHOLEWERILL, hE o
. - . SIS EEEE
BT B EICEoT, FR—/8 b EFD L IIEE BIRT I 4BI(SE) wILigE /Ny y324%9 MU(IBC) ILiEE
DIFHVZIYIZTHETH B 2 & 2
721, DPOARKI A BESICET 1 EFROEIEEESHIZELIV(SERILE LVIBCEIL) 1BEDREEAX
L7 Figure 1 Cross sectional view of the conventional cell and the next generation Cell

4 BiiNE

(1) MHEFEI>ET b

R 2 12F5E L 72nDPZ W Cnfg 2 BT 5 70 v 2R 2R3, nIDPIE, V) Y &HLEW, #IFSB X OIS
B XN TWD, RR—Z D ZSHER FICHATL, 8- Bk TR OBIRS X OBAl2RET 2 L, U v EHILEWO Ak
T L LTS, V) rahabEwE, 800 CLUL LRI THERT 2 HKICHEEN S LT CHLBIREE (=800 C) TSI 128
W B720, SHEEREHICBOTY YA IR T 22 L h b, B, pADPICOWTHHOI Y27 M TRy HESA
LB ZMEREILTBY, Ry FEOH I THEIC R 5,
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3 pEDPTAHAIHRR—E>T L ESiER
DOY— MER Ty EL T (SIERD Y1

X 156 mmX156 mm)
Figure 3 Sheet resistance mapping on the boron-
doped Si surface with p-type doping paste

Hile s & UERI
4 o~
|

Q?FI& (RT)

WQ&

LA HRHEI& (400 C)

140Q/sq. IR 80Q/sq.|

M4 pHEDPEFEALTHAIRR-—E>
JULE#, T7yBETIVvFLIL
7= SiEARIRE D SEMIE

Figure 4 SEM image of the boron doped Si

surface after etching with HF solution

HEEIT#2(800 ~ 950 C)
2 nEDP%EER L nttTEFBEEE OB

Figure 2 Concept of n* layer forming on Si with n-type doping paste 10KV X20000 b
(2) pEDPDEF

RO ERERT T V2 7 MIChE, Ay REHILEWE &L pAIDPE v 1.E428
T, BT RZIHLL 72SIEEM O > — MEHLZ WIE L (156 mm X 156 mm ¥ 4 . nHDPEHHS  nHDPHEHHS
ZEW), Y€y 7 LERRERI AT, ¥ - MUOBIRERT G § 1 e
HNTH—THY, K7 RISHERIHNTH TSI TV D 2 & DR S Siftfy  2mm
TE, F7o, WHEET v BTy F vy LeSUMER OSEMBIg e ) TET
412" Y, SEMEDP S SRR X H12, FYEEMLEYORERE LD 'fil et _nEIDPRHEHD U LIRE
SN, —J, F7FEF—E Y721, BBk &I X 54 AW Tk E nEDPIERHE S
DM TH B2, FEREIZART 2 3 H 4 FIE (Boron Rich Layer =BRL) 5 | pyoy ROLTBE
22 BTN L, WHEF OB E %5 T 57, KHEHE, SEMiZE ; l s
Tﬁ%{éﬁ‘ﬁﬁﬂh‘f FBRLAFEL LW E 2 RTHEAMELIRDOONE S 1.E+23 et

00 01 02 03 04 05 06 07

En, BHEMEREVOpBIERICEHNTHL, LEZ D, SHEAREE » 5 DR (um)

J =5
(3) nBIDPORF( M5 nEDPEMALTY S & K—E> 7 LASE

n#IDP% /8% — VIRICEA - P L 72SEERIC BT, &AEHS B L O% REBD Y LBEAT (1) > DSIMSHHHER)
ARG 52 mmBEN 72 IEBATER D ) VLA AN W TSIMSHAT L 74 Figure 5 Concentration distribution of Phosphorus beneath
BAR 5 R SHARET ZBWT, X—2 k JERATEF DY v :;Z;Z?S?e doped with n-type doping paste [SIMS

RO TRV OISH LT, =2 MEAITHSTIEY ViIRENE L, ok

BERTwaZens, U ryOBREHESEV L 2R TEX 2, ZORIIEHEZFHL, R1IRTSELVERAEL,

SERAFE A G L 2R R 2R VIR . BHnMDPZ2 M L2SEX VI, HEkO M % VIR T, FkEREE (Jsc)

BLOBBEE (Voo) 28I E L, fERE L CTEREMNE (BN D04% T v 72 FEHTE 720 AMFHE, YT-2100-N& LT 1245/ F
WZEHL, SEHEELT, PVA—AIZTHHWZZ0WT w5,

F1 nEDPEMFERAL THMELASERIOEEHFME
Table 1 PV Properties of Selective Emitter Cell doped with n-type Doping Paste

v EIEERBE (Jsc) B ENE (Voc) EHR= (Eff)
I & A T (BRERSI) (mA/cm] mv] HREF (F.F.) (%]
RO 37.0 623 80.1 18.5
SEtJL 37.4 634 79.7 18.9(40.4)

S SiEODER

- pAIDPH X UnBIDPDIBC Y v hf I HH 3 )2 fil
<) U B LU Y FFRHLEOT RE 2 DPALR ORI B L O 1 A RS

[&Z30] [Ba&E4FEF)

1) 20134EEERR KRB EMLB A - i OBR ERESE, & FERFEE048680797, T¥ETHI049787595, HERFEE05176158 7%, F¥aT
L#%%, (2013) £05176159%5

2) M.AKessler et al. : Semiconductor Science and Technology,
25(2010) 055001 (9pp)
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Tear Total IgE Detection Kit

K SHWF  Nahoko Suzuki AR E&H  Miki Tanimoto KT7 BF  Takatoshi Ohtake WO ¥z Masayuki Higuchi
AT hINBEIZY b
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This product is an in vitro diagnostic kit and is used for auxiliary diagnosis of allergic conjunctival diseases. This product has
been launched in medical institutions after its approval by MHLW in September 2008. The unique value of this product is that it
is able to take the tear fluid directly from the patient’s eye. The doctor can collect the specimen and test immediately, in person,
at the medical practice. Therefore the development of this product to new markets is expected to be categorized as POCT (Point
of care testing).

This product form is strip shape, which is suitable for testing small amounts of tear fluid. In certain cases, it had been
reported in the medical field that tear fluid collection from a patient took too long due to the patient’s inability to produce the
necessary tear volume to conduct the test. We have developed a product, which improves the collection time of the tear fluid.
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Figure 1 Principle of the assay
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