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U7 ORI T, 28CHz HHBE D AE— /L ) TV LPFoz TETWb, 2
5OAT—/LT ) 7 TIEK 2-3-1 (R TR RS E O R RAREBE S L TWS, =
DFJGDNT o TINEARY h—Rx— K (PC) MEHENTW5D,

[ 2-3-1 5G FLH e 25 O AR 1 5
(https://jpn. nec. com/press/201907/20190730_04. html)

PC NIRRT RO T P2 7 2 FRHIZRES CHEAT 5 72O O AEZ EIE L T
LT EHEER LTS, BEOFBEMEOBLAENDIL, PCOFEERIK 3.0 TH Y, Subb
BB IZITLBRIC /2 B 72008, 28GHz HHlfE TIXER E— 22 AWZBE D= H, EROSE
WRFPEDS BN T 31815 BRI OB I A 3 BV,

TR O F R UGE I HMEFEER - (AFEEEOMEIZES T MIZR 5, PC XV IKEEE
R CRFEEEOMEI L 70D L7 o FRBIE, RN A L7 ¢ URBIIE. PS R, PPE R
BHERZET 5N D05, B OMANEREEANME, Il &2 583 5 & PPE BB A 15
FZ72 %, 3-4 4ERITAN B BALALAS PPE OFRIARZHEEK L THRY . ZOF 0 HRYMEIC 56 A
AT T DT T F I NR— I L =A% T TS, 20 PPE YA E— R DRg
mAE (77— THY, IR ST FIIMERTE TRV, Bilkd 2 EE
WA FF oMM e DT, LLFIC o7 4+ —R ) OFFAERITT 5,

B 2-3-212 T 74—2] (PPEFEE—X) DORREZRT, MOV KIEN B2 5
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D ZENEGITHER S LD,
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WL BAT T HEM T 1L L

HLE 2021 4E 11 HIZ PPS (Polyphenylene Sulfide) 7 4 /L AZEHL LIz & FEFE L
7oo PPSIZ 5G XHEASROWNT 7 F DM T L F o 7V RIRIEARIZHE DTN S
LCP (Liquid Crystal Polymer) & [RIFREEDFHEFHENH D, Z D PPS 7 4 /L L% Subb <
RUMEAT T T HBROREREZ RIAAL TS, ZOPPS 7 4 LA FIZEWZRT T kR
EEERTIUE, MR EBRARVERT VT TR TE DL, BNEHERNICZOBEHT 4 VLT
YT ERET HMEE 2-3-11 1T T, BT, BEEYORRIZR > TEE R EIZ WD
PEFD 56 =V TALIlc oA 5 2 & s N5,

B 2-3-11 L DEBEHPPS 7 4 VAT T F N ARLRNITRE T H AR
(https://xtech. nikkei. com/atcl/nxt/news/18/11686/)

WUITED L, TPPSiE, NUBUBRERE (S) T2 b D AR, kD PPS 7
A VBT A L BHEMME, 2T T 4 A LNERICH DR E SH 100nm DARA R (FL)
PHEBES D707, ZORA ik, fEHFmERBITIZT 4V L &ARIET 12 Bl ]
EVHBEETRE T, 7 4 VLB T D PPS KL 1-& | PPS Ri1-[Al LD Z BN 5 7=
OEIF] AT ER5 &S D 2 L TRET D, ) EHALTVD, 22T,
LU, PPS RLT- & VEAIRL7- O 5 % FrEiBa%E L. PET W A OFE 23k L=, Zd PPS
T 4 VA DOFH LB 2 A A — VKT 2-3-12 1TRT, X, WL D ZOEEHPPS 7 4
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&IZ. Beyond 5G| K AR 2T LOEIZHONWTE KT D,

(/ga (| A52.6GHz) 5G evolution
\\) 6GHz

5G Sub6 5G 3 | (®ADBOGHz)
16 3G 10G 30G 100G

300G ik
(Hz)
6G O—/\R /3 yRINR 6G /M/NR

KBS T

1T B

100GHzE8BHE L
YR EZST et (f51: 10G~20GHz) SR mEER
SERORREM: (HTFIAILYE)

3-2-7 Beyond 5G(66) (Z351F 28 LWNEF & BB D5
(https://xtech. nikkei. com/atcl/nxt/mag/nnw/18/082000116/082300005/)

R B HE (S 2SN EIT 72 % Beyond 56 2B W T, RIROY 77 T~ #Hg D )i
ik (NA R R) EEREFANCE =N R/ Iy RN RESDNASEA GHz LLTFT
il F AT RE 2R B IR 2 A E > TS L ERTW 5D, Beyond 56 D& X Flpa—Rr—2A
IZXHE S TH ARG BRES N TN LB BRD,

AR @Y . 7T T~V A& 9 Beyond 56 12V TIE, 56 K0 FICHEN &
FCEETDZENFEMICELL 2D, LER-> T, KIEKA CEIERHaE A fTEE ) 7
7 A NR—=LDMBAEDLEEDIRLIFEHL W ZERBESN TS, L, Z0H
LW EREEATIIZ DWW T, £ EEERSE S LORINA LV, LEER->T, Zhanb
TV T T TV N 2T IEE ORI O A LB TH D, AU DWW TIM
BT E 2 ET TR~ D, £DO—T, %I/ VT T T~ a2 R L <Ak T
HEWBLETH D Z EIEMENZ2,

PLFIC, BEEEEISN TV Beyond 56 B O E R EH N2 BT 5,
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AIET, AZ~T7 U7 NE WS - T /31 A2 K5 56 DFFIZ 28GHz 45 DIEfF
BREHEN 248 LTz, 2 OkRe RS - BT /34 A% Beyond 56 D7 7~ /L FEIIC § i
ks B2z on5, —FH, AZ~<T VT IVEIKS - ZBRT A AT ThRIfoT A
ARTHHFENTWD, 22T, fOTFT A A Z~DIEH & LTT 7 FEl~DIaH
ZHLY %, Beyond 5G (X5 0. 1TH z ~0. 3THz J@(E DL LG SN TW 5, 2T,
AB<T YT VDT T F FERA~DIH % GHz 5k O 5] % 2 T 7=, 0. 1THz~0. 3THz
TR DBRFIRILZ AT D0

NECDAZ=T YT NEHE| 75T
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X 3-4-13 NEC DA X ~T VU 7L & HAW=T T FONER T
(https://eetimes. itmedia. co. jp/ee/articles/1204/26/news039. html)

FOFOREHEBOMBE BN 2T =F ) VT BT IR RV AL PR
T (HEMS) R, By —LHHAZBESEA 0T Y P N RHEE Y AT A, H
(2, EEE O RSEY AT NENEEE CRREIC/2 S (K 3-4-13 38), LnL, DT
DR A — 2N IERAEE D F ¥ 2 — /VIZ AFUIATIZIE, IBERHE A R o 7o F F /L2 i
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EXEX (@) = FEFEL (ad) + EF3E% (20)
4 ™
» @d o< 273 x%x Dk X Df
D ac < Rs(f,p,==) X,/Dk X (t, w, b, ===

Dk : tb3B=EHE, Df : HEIEE
o ¢ f: BB, c: ik
ad Rs : B{ROFRZIEIN
p : BKIEIEL, b HEREE
W BikiE, t:EBEKE y,

< EEEXRDERKGE >
) Gd DIERE = {EDk & DfiigRfiD;EA
) dc OER = HilsER LS GROSERRITOER

4-1-2 friEHL & BT DAPRHRFE DO BLR
(S&T Hifife A THH S U b— & —/ %NS EHR AT | 2017 A SIALRRFER G HL)

Vi

AR U CRBA FTREZR A ARAS I O A E 2 TR RS, S8, @Az vk
BEIBEITIIHOLE FICH DIEFER, KFELEEOMERPEENDLDFEPHOZ LT
by, BhEhE B L CHEZED ATV D,

0.1000 ¢ :
g @ T/l
AUPUL—b (PAR)
y © Tihises
1) h—HR— 5}
hRhPC N © BMISHKUA/SE O REE{bEttiE
0.0100 RUZNTAY (PSF) @ o kyzz=LyRLTZ 1K (PPS) O AT 4E

@ YF7R—bIATIENRS
@ ~¥Y390J7> (BCB)
o ®RARUY (LCP)
O RUIIZL>I-F) (PPE)

0.0010 | AURFL> (PS) @

BEEIFIE : Df@1 GHz

E KUIFLY (PE)
B JyEtEE (PTFE)

0.0001 : : ! : ! : : :
1 2 3 4 5 6

LEF%EE=R : Dk@1 GHz
4-1-3 FE7RHAEREA kO 55 FE AR Pl
(S&T T THIR X U i L — & —/RECH B ATRR ) 2017 H SIAERCERE R
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ZOHBTHRBAT H A= —bEEEH TCE Wb, Bz, Kgs—nLT 47 A
X, PPERDOMELCENL KT v 77 4 VAT EIH > TWDHETH 5,

Q“’” ) @f o {Q“’ } @j}

Yield > 90%

Modified PPE

X 4-1-9 KEFHE—IT 4 > 7 AR TOBERKE NN BT v 77 4 L 24648
(2021 IEEE 71st Electronic Components and Technology Conference (ECTC))

BT, =27 I N BEEORFEILTE TV, KFEEREL OB EITWFET
BZ~DBANBHABFIZ AN TWDEETH B,

BE(LIHETIE T )L
o ST

(3] Transmittance %@100pmt - -
- 8RR by TLAYLDRBEE 10GHz 2.7 26
< BEFATA Dielectric constant 28GHz 2.7 2.6
LDMS-01 : SFEAFIT SEMEDEIL 40GHz 2.7 2.6
LDMS-02 : SHEEM SgtD/ (522 10GHz 0.0010 0.0007
« MM - Loss factor (tan @) 28GHz 0.0010 0.0008
REFA T BILETY T T 1)L E 40GHz 0.0011 0.0008
Water adsorption % - -
Coefficient of thermal expansion {51%?1%) 120 110
Cu Peel strength Nfem 9 10
Tg/Tm © -48/- -45/-
Tensile modulus GPa 0.5 0.04
1?23:{'5' No change No change
Chemical resistance
3%-NaOH
\ ) (60%) No change No change

[ 4-1-10 =34 I HAOIEEE 7 1 /L LBEFES,
(xFaryy s 2022/1 FEEERD
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T2 =R HF RO~ — (XA V) A— FHEMRIZIX, 23 Y = 7 MEGTRON
Y = AN RERT LB ZAZAEL TS,

EFEEFEZLEZ Z—7 v MZUTEBRITZ ok CIIdEEIcEA TRB Y, Bl S TR
Df = 0.0015 (@10 GHz) L -ULVOBA3EM GEMILZR) 25, Vo 7Nl L~ULIZEL
TW5, ZOEKOER=—ZADEINEZ5,

Multi-layer circuit board materials
for ICT infrastructure equipment
ICT"" y?i"ﬁiﬁﬁ*‘*@ﬂgﬁﬂﬁ *ICT--Information and Communication Technology

Applications A&
Server, Router, Switch, Supercomputer, Measuring instrument, Etc.
H—it, Ib—2, A F. A——OvEa—4, FEGRESELY

M General properties —#Rtt

| mEaTRONT MEGTRONG micTRond |meaTrondS| mecTronM | MidTron2 | HIPERL

frem Testmethod | Ut 85N [R577510) | Rs775 | 5725 | R-57255 | R-5735 | R-1577 | R1755V
Glass transition temp.(Tg) DSC C 200 185 185 176 200 195 170 173
al 42 45 45 35 32 31 34 44

CTE z-axis PC-TM-650 24.24 | ppm/C
az 280 260 260 265 250 240 200 255
T288(with copper) IPCTM65024241 | min | >120 >120 >120 0 50 35 25 20
Dielectric constantiDk)" 34 34 37 E:] 38 39 41 44
| 1GHz |IPCTM-6502558) —

Dissipation factor(Df)" 0.001 0002 | 0002 | 0005 | 0005 0005 | 0010 | 0016

Peelstrength” | lcz®pm) | PCTM-650 248 kim | 0.8 08 08 11 13 12 13 15

The sample thickness of MEGTRONT, MEGTRONE is 0.75mm. The sample thickness of ather part rumber is Q8mm.

<iondition As received. *1 C-24/23/50
*2 MEGTROMN?, MEGTRONE is H-VLP copper. MEGTROMS, MEGTRONAS, MEGTRON M is AT copper. MEGTROMNZ, HIPER ¥ is 5T copper.

M 4-1-12 NF V= 7D ICT A » 7 FFTEETA VT v 7
(https://industrial. panasonic. com/content/data/EM/PDF/emscatalog_megtron. pdf)

MEGTRON 2V — X%, 2= Eifh ; MEGTRON2 2> & BT oD MEGTRON7 £ T, BN & %
SERT AL APERTHEH STV D,

B 2L, I A~ 7 OfF Y subb [All O T 7 FHARIZIL, MEGTRONZ & 5 Wi
MEGTRONA 28 A ST Y I VA (@28 GHz) ©7 77 % L <ILBBUIZIL,
MEGTRON6 & %\ ME MEGTRONT A STV D, F7o, hmFrME & MEAZER O E VAN A R
Ry T DAL F )= =R T MEGTRONT & 72> T 5,
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Beyond 5G % RAEZ 727 7 FESE OFFEBHRE FH1 2 ) < OB D,

Si-CMOS [Al#& H77f7 2 iV 7= 300 GHz kD HEHLRIE ZBRIM TN T\ Dd, Ny FT7 o T7F
HME UCLCP 2B L TRHET LM R, 60CHz 22 28R Ty I 21— a3 V&K
MLL7=7 T FREEELNTVDIETH D,

0 0 S
S5
5
0
£ s g o
radiating patch 9 §
By ] z
E @ 5
g g
4 g = T —— Meximum Tetal Fidd Gaig
5 E -0
< a0
o driving pateh "’/
Vi, A
*\‘p L 7’ a5 [Samulcion BY| 15
Kby & > ~70 GHz
g~ g 7 & 0
— Tl 200 220 240 260 280 300 320 340 360 380 400 -20
< Sty . GHe 200 220 240 260 260 300 320 340 360 30 400
T S uene
'&9"!&@- v ¢ Tequency |GHz) Frequency (GHz)
e . £E
(a) Btk (b) FIEHE

[X] 4-1-27 CMOS 7' 1 & AR T F ~/L > 85 (300GHz) FRAET o 7 F DAEE & SO/ FIFSF:
(MBI EIRILR D= DORFZEERZE | 2019)

BLEo 7 N—7"Ti%, FOWLP (Fan Out Wafer Level Package) Z oA L= T~/
KPR (300 GHz %) 7 o T F— T Y o — A B L T\ 5, 7o 7 st ke
PPE Z i L C, MG OBEMERHENSG STV 5,

E
FiltkFoT Furt
i| £=2.5 fans=0.0025 (PPERHE)

g
Fud

(Wt i)

[X] 4-1-28 FOWLP #§3& DT~ 7/ 7 v 7 F—{KHIF F ~ )1 # (300GHz) & ¥ = — /L O it
(8 LimEERk, vol.68(1), 2017)

144



FPC TIIR T 4 v 7o — R COBERIMER SNA2BEE0H 0, Z ZICbIKHEENL
DENENH 5,

lekrec

BAFIFOD RS
IUINITFERE EBMEE(MSL) EZhmE(sL)
(sLy7+O07Es FIIWES FSi9)ER

——————————————————— |——-——--——————————-'r--———————-—--|

Rr = = = ' 0L PIAC—

GND | 16ND %mw&mmlcmu GND }
LCP
L2 —
GND GND

GND

Lal-

4-3-6 FPC "C KRR S Al 1
(https://www. mektron. co. jp/product/kosokudenso_fpc/)

F7o. VY FTH®EEERIS COL IT—MRIAli& 2 @ < 72 D72, A HR A —H —I%H]
BEERETD LR T, KD FR4 LAKFFEEMEL Z A 7 U » R 2BatHln#HEz Tnd, 22
NI A — T —DFERULRA > M b 7> T D, IKFEHEERNPLERGELH D,
28MEIKO

BRENAT Ty REMR BEp

BRBENA Ty FRIRGSERER L SHERE AL
ZyMCTBRIET, HE - MEULERELE T, Fh. BAR
AR (PTFE - LCP « PPE - Low-k Epoxy) (&—fRHI7%EIR
MREHEBLTRETIN. X1 I—BEEAEME e
(FR4)ZIRE ORI & D/ - FFEENHEEEZD< BT L TN
TUy FEEOREEERELE LT,

COBAENATY v FERSSAEGEROEIZ Meb &
USRc. BROBHEEEALIEET,

ChK
= #:& 'Structure —
@ REHEDOEAGBEICENE @ Hybrid PWB

LowDk - Df &#1 { |_- ]
LowDk * Dfmatenal
L3 . ] e —
LowDk - [)fi?#i L
LowDk - Df material —ie FR—4 2# L:- - l
FR-4 general material - -

4=-3-7 @AW ANA 7V > RHEAROF
(https://www. meiko—elec. com/product/detail/009. html,
https://www. cmk—corp. com/product/img/03_pdf_wb_201906. pdf)
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(RIERRBEATMEIC L VIR RIT NS <7D, Lol ->TEEBE (3 kon) FEIT&EE MK
W& 785, LLFICZOBREARA > N & 5,

Jebii/ N o —PIZIL FCBGA 287U & MEE#RR O BIZH 7 2 b b— b HR RICEd#E L7z IC
BT D, B WETA 7 NVICBWTRET L3y 75— R TRUNS 7 Ol %
BT 272D 7 A b b— MERDMEN &5, FCBGA XXV 22D CPUIZRER S
B FCHMLIZ LD ICT Y v FERIROEFBLITED bR TWD, KOF =5 b
LTCIZABF (o FEEN D7 A b L— MERDIEFELLTH 5,

FCBGA FOWLP
IR —E R

. g
e

TIURRIRIESEEL

FOWLP—FOPLP
Wafer—Panel(B#. H52X)
AEO—bk—T1MIL L

4-4-1 el X o =BT A EEimE 5

—F. Aw— R 73R ETIEY T A M L— RO D ICHAERE ([RDL :
Redistribution Layer) Zfif L7~ FOWLP M)A K L C& /-, A~v— b7 3 7 ETIX
AL Z DRSO — > Th H A, HAUKIC L 0 EERKITENE U S B R iTdkET 5,

Compound ,‘, @ Differentiil Pair @
O 000 © | CH e
@ [ Fchipout s f oy

4 e T
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Frequency (GHz)

X 4-4-2 %y r—EE (FCBGA (F) . FCCSP (H1) . FOWLP (F)) 28T HimikfEk
(ECTC2019 ASE F&F& 8l
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PUF, 2019 4F 4 A o#ftt < F—"Tid Dk/Df=3. 5/0. 004 (Zxf L T 2021 4 5 H ™ ECTC ®
WUREEERHI LD & LY R M ¥ A 7T Dk/DF=2.7/0.007,0.008 L FBERMN K& < hEL
TWb, BB, A7V MEATITONTHRELZED TS, F72, FOWLP, FOPLP \»
THCHHETE DL IITHIKRA AT, = A TV T LB EZED TV D

{EE5E - {ETandRU A S RO—AIF1E

LDA-10 FRFERER LDA-100
947 j—jﬁ/jﬁﬂ =717 &l ?}—I\
SEE BRI i S
Dk 1GHz 2.8 3.5 2.8
20GHz 2.9 3.5 2.9
1GHz 0.003 0.004 0.005
tan Df
20GHz 0.003 0.004 0.006
Tg (C) 224 237 120
CTE (ppm) 46 27 57
& (MPa) 136 176 45
BT (%) 110 58 25
IE7KEE (%) 0.6 0.6 0.5
i =E%E (N/mm) 6 6 13
LA 350°Cx60min | 350°Cx60min | 180°Cx60min
o n “TORAY”

X 4-4-25 (KFFEBER VU A I ROFHE (KTR & I F—2019/4/25 H L&) K&

a
PI-A PI-B PI-C PI-D ) 558 0 Woid Mold releass _Q Ouge (¢
Vpe | Liaid | P00 | viguia [ TR0 | e e TTTT
Photo- Non Non Nega. Nega. - - - - -u
sensitivity photo. photo. type type T, e B iy
Dk(20GHz) 5 iy | 2.6 2.7 2.7
Df (20GHz) 0.002 0.004 0.007 0.008
Tg 175°C 145°C 120°C 150°C
CTE 65 ppm 67ppm 90 ppm 75ppm
Young's | o Gpa | 1.8GPa | 2.0GPa | 1.8GPa
Modulus Fig.2. (a)Process flow and conditions of imprint pattering using PI-A.
Tensile (b) SEM image of 10 um via hole of PI-A afier printing and after cure.
95 MPa 50MPa 70 MPa | 70MPa a
Strength i
Elongation | 50% 20% 50% 10% °P| - Epouns o PEB__ DOwskp o Cue
Moisture | 6or | 05% | 0.6% | 0.5% (i " - h"“"ﬂ
uptake mmm 1500my/cn2  130C/3min 200C/60min
Chemical
e <5 | o<s% | <s-10% | <% . E
Resistance
Cure Temp. 220°C 180°C 200°C 230°C

a) Thickness change rate after dipping in mixture of N-
methylpyrrolidone and organic amine bath at 40 C 10 min.

Fig. 3. (a) Process flow and conditions of photolithography process using PI-
C. (b) OM image of 20~10 pm LSS pattern. (¢) SEM image of 20 pm L/S and
Cross section view.

X 4-4-26 (KFHEARY A I FOFME (ECTC2021  HLEE})
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WLPHR Wk, PERMAS GO0, SEREBEOEIL |
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TSMC % COP Dt A #EH Tuv5%, PE(Photonic Engine) Z#4# L 7= COUPE (COmpact
Universal Photonic Engine) #3&FE L T\ 5, FHINOFEMIZIOWTIIRALEN, ~1 7 1
N T HAE# LTz 3D Stack & OHEE A L TR Y, Rl Tih 7z Cu/Cu DEHERES O A[hE
MHdh D,

fiber

substrate

(A) Pluggable Optics

fiber " fiber fiber

SIS m (A) Monolithic
ber
JrEc]\ TP\
O 00O O

(B) On-Board Optics (C) Co-Packaged Optics

Fig 1. S1Ph package configurations on motherboard: evolved from (A) (B) Heterogeneous Infegration
Pluggabl ics. (B) On-Board Optics (OBO). to (C) Co-Packaged Opti
(Cl;,%g; = Optics. (8) nacd Oprics ¢ Lo (ChCo-Eackaged Opiics Fig 3. PE structures of different degrees of integration: (A) monolithic, (B)

heterogeneous mtegration.

= | 00+ :
13 / i :

ix | .................. e 014 |
g™ bt i 0.21 dB |
5 | — pbum - 024 Hoump -
£ 3D-stacked © i d| 2
§ | 3 o | &

» i @
g i 044 : ;
B o1 COUPE i 28GHz | | 57
g | @28GH '°~‘d A S SR 77 S e e 5. SN RS W
0 " = 3« - - 0 10 20 30 40 50 60 70 80
Pitch (um) Freq. (GHz) Freq. (GHz)
Fig 6. EIC-to-PIC interface parasitic comparison. Fig.7. Interface insertion loss and reflection loss comparnison.

5-1-15 TSMC @ CPO(COUPE) (ECTC2021 TSMC 3§37 K}
PLE. CPO DBHFEENAIZ DV TREE L7228, PE(REE X — 7 —2E D A TV,

Y= VPR CHARGEMIC SV CRRT 208, SRR, A > —R—y—FE, K7 7
A N—BEGIT IR EIREA v b LD,
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B, CPEERO NS Tk AE T A EHWPNES AR LEEICE) v U TR
JEREZ DL CIRITRE LS ED TFELH 5,
Carrier Depletion-Type

Silicon Optical Modulators

Electro-Optic Phase Modulation

Add or remove charge from waveguide core
- waveguide embedded p-n diode in depletion mode

. L | 7
VL, & ———1
Y4 f\’ (‘.‘,(I bms)

\* S depletion capacitance
free-carrier dispersion coefficient

optical confinement

Figure of merit:
*  V,L, = (voltage swing x length)-product for = phase shift
» Typical range in Si: V,L, = 1-3Vcm!

24

5-3-8 PN EEAZFIH L7 KA H
(https://eetimes. itmedia. co. jp/ee/articles/1806/25/news031. html)

L2l LFIRT X DI EO R Y ~—/Si o 528 Si L 0 &L E T OrEREFR 5

ThHEVaL(Vr fifl% n B2 2 OICKNEREL CEHEREBE)., LIEMORI) 72 EhE
NTW5, BIRENS S B0 R Y ~—ICHIfF T 2 F R 0o 712,

i EOKY 7 — N
FI8A R BT Siil g
EO polymer s i

H#i5 (GHz) > 300 37 ~70
VrL*Loss (dBV) 2 10
EHEE (v) <1 11
HERESD (mW/GHz) 0.03 3~¢

5-3-9 E0 RNV ~—DJLAFRIERE
(https://www2. nict. go. jp/nano/topics/NICINEWS1601_yamada. pdf)
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5—7—2 s (Fiber to EHHK)

2 WIL DK [ O NEHI T B B CHIRES NS, HFE T OEEEFEE XD
KECHR L RIERIC, SRGCEN DL |E T ONEMEA LB D, ZOFETIE, JebH
T, 2O 3WICHEMAEFEITT D,

ek, BRO L DICHEICHIT Y TEXARVWD T, 3RITR SRR E FEHRT 5120,
BRI L CHEMR e ARNEE L 05, M5-7T-14 1X, BHR DX 5-6-2 d PETRA O
vy FEROEIEK TH 5, M5-6-2 TEL U ar 7y h=s ZAF v 7 LR ~—JEp
HEOY y FEBNFE—TFEIZH D L IR 2D, RIFX 5-T-14 I[TRT X 5 ITER HRE
BliZhs, 2D, By FEMMNLOMIET ) a7 b= AF » FITEL T
%, 2\ 90 FEHh TN MEIZ/R D, ZZTiE, ~A 7 v I 7 —% BT o0 Eihif 2328
LTCW%, 28, YVar7x b= AF v 7llO~A 70723 eENT DG
LA G 272 DMERR & LT b,

X 5-7-15 (21X, Z D 3WTHEIROIER 7 v & 2 &R, MEFRO~A 70 T—
TR IE BN E 2 #5345 "grayscale lithography GEFHEG) "2 AWVWT W5,

Optical card edge connector

3D polymer micro-mirror \

Si-Photonics

i SMF

Polymer Optical Waveguide

¥ 5-7-15 v A 7 1 X 7 —IZ X 5 3WITHALHE
(OFC2021 Th4A. 1:Polymer Waveguide—coupled Co—packaged Silicon Photonics—die
Embedded Package Substrate)
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PIF, tax 7 ZEOBETEMN QSFP ¥ A 7 C 8., A SFP ¥ A 7T 2.LTh
Do B, EDO8LH 4L EAT L TWABA 850nm @ VCSEL 2384 L TWBH LI TH D,

X 5-8-5 Y hT v —N"—ZBIFDNaxs FE
(https://businessnetwork. jp/tabid/65/artid/8667/page/3/Default. aspx)

T, ATV ary7yr b= ZAZHWZ 1006 N T o —_—Th D, HH
TERNIEEHEA T, FENZEHEITH D,

Silicon Photonics High Volume Transceivers
CWDM4 with No Hermetic Packaging, 5M units shipped
}4photodiodes(Rx)’

Transmitter chip integrates 4 lasers, 4 modulators, optical

4 modulators

4 lasers ' Optical mux multiplexer, and related monitor/control functions on a single die
+MPD [ +monitor/control * Receive path is a separate chip with 4 high speed photodiodes
S,e L Data center operation or industrial temperature range

(-40°C to 85°C)
Industry-leading reliability and quality: ~2 FIT for laser; ~30dppm for
module

200G and 400G optics also in production and shipping in volume now

Silicon Photonics Product Division ECOC, September 2021 intel

X 5-8-6 Yt kT > — R —NERHEE
(https://www. youtube. com/watch?v=t8Gu63w8rnk&t=504s)
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Fro, NEL D NEEMFEA O 10) Z[Rl— Sy r—VFER ([ 0 Z —R—H—) [THH#
FTROIFF 4B TR L @mBEFENLEE RDPAE G EET DLENH D, KFSi
TR — XA —0—TH 5 Global fundry DEEClEA v ¥ —R—H —|21% Si F
FERE DR D D,

Packaging Standardization — many variations using GF PIC technology

Company A B Cc D
'*
CPO JDF Co-Packaging 2.5D - Si 2.5D — organic Fan-out package & Complex dual side
o~ approach Interposer & Interposer cavity laminate Organic packaging w/
cavity laminate cut-out
Laser source Off module On Module Off Module On Module
Fiber Attach GF passive GF Passive GF Passive GF Passive
Fiber count per PIC 24 16 30 16
(SMF)
Other key PIC Flip chip Laser cavity w/ multiple Cu u-pillar receive Cu-P receive pads,
features supporting compatible, Cuu-  direct laser attach on pads, backside grind, Reflow compatible, 2-
Co-package pillars, PIC, Cu-P receive Reflow compatible sided PIC FA
pads

Packaging portable Y Y Y Y
to Microelectronic
OSATs?

* From Co-Packaged Optical Module Discussion Document - Facebook 9/2019

5-10-3 CPO Hulid g

(Globalfoundry &#})

IR, KEDOFY o Malg AR A — A — TTM Technologies £ BAZEEERF] 7= 203 F D
CCL B M 2 ok L T B,
Waveguide and OE PCB Fabrication Flow

Substrate or sub-
core

Deposition and
patteming of clad  patterning of core

Deposition and Deposition and

patterning of clad

Lamination with copper layers
and finalization of O/E PCB

59

5-10-4 E AT & FALDOB] (TTM Technologies)
(https://phoxtrot. eu/wp—content/uploads/2017/01/ECOC-2016-Marika—Immonen. pdf)
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TaARATR Yy —AHIN R EBESH COBXIIEHE TH D, LLNIRT L HITEE
B, A 120 T STEWPEH 2 86 FHIT TV D,

Photonics — Material use cases in optical transceiver

guide Materials

Thermal Interface Materials

Interconnect Materials

Index Management Materials
Optical Adhesive Materials

‘ DUPUNT. !:!-CObO DuPont Electronics and Imaging | COBO Webcast: Nov 18, 2020
5-11-7 7 a R WA N T v — =k (F 2 K&
BCB (Benzocyclobutene) [CYCLOTENE| [XmififZh, 1KFHHEAM CTh 0 b, FEEM B~
SHhTW5,

Core Material Competency (BCB chemistry)

Benzocyclobutene (BCB) resin shows:
* Excellent Cu barrier and electrical \
roperties

PTop . CYCLOTENE™ 3000
« (Good thermal stability (up to (Dry etch)

300C) and chemical resistance CYCLOTENE™ 4000

; (photo BCB, Meg, solvent develop)

« Low T cure, no outgassing CYCLOTENE™ 5000
*  Multilayer build capability (photo BCB, pos, TMAH develop)

X 5-11-8 7 = 7> [CYCLOTENE] (F =7~ &k}
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3 5-12-1  JESEAEE L O BHIEENN

KTRELSD
BB BEiR. 2E

. £ {fi7:850nm VCSELASE R L=t DD, . LI Ik =2 X %M 1V1310nm
OBERAMNEBLTLK

Jearigse AERA LTINS ERIATOSH, BB RS FEAL-1310nmEOK)
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HT7A 18— AEITFAN—RRAIDTIILFAFTIFAN—IZDOVWTHEREANEDH SN TS,
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TP H+HETREAVEASRI7AN—%ER

e HOSBHEINTUSHN AN DA KK ER, T B EBE % (LSRR A T)
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IR SFERBAEDS N o T IS & SE Ry A — 0 — LRI L TV D & DIFIRSC. & A — U —I13i
&

REEZ TIMIZHEH LI ROR RN S WO S HESBMSEMEHIEE BEE > TN D,
TABLEL  THE COMPARISON OF DIFFERENT TIMS [3-18§]
Solid TIM Type Liquid
Epoxy base Metal base Material Ga Alloy (Liquid Metal)
39 60 86 Thermal 39
(Silicon base) (Nano-Ag) (In) Conductivity wim*K) (GaInSn)
Curing Sintering Reflow Solidifcation Without (Liquid > 10°C)
Void, Crack, Delam. Defect Void
Low High Stress NA
High Thermal resistance Normal
[ Heat |
Deformation € | | HM%(G. | | 2 Deformation
Yes & | | Tl};t%ness | |9 No
Existence € | | TIM%]am. | | & Non-existence
Decrease € | | 'I'IMgcragc | | ® No decreasc
High € | | Thennal resistance | | & Normal

Table 2. Properties of indium alloy TIMs

Unit 100In | 97In3Ag | 90Inl0Ag
h . 1 K/mK 86 84 71
conductivity
Me'ting °C 157 1 143237
point (Eutectic)
Elongation o 22-41 50 38

%] 6-2-10 TIM Hi%{A4)E (ECTC2021 SPIL(|) . AMKOR(F) Z3& £}

ZDOEDITHEBPIEATH > ToHBEMTEE T LRLTHENZ 2L, @PVzELZBEN
RO, MNP LBERBE L 7o TET,
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R UISER40FHEY H/BX RS> —)C

4 6-3-2 & kT v — NORERL & EE S
(https://www. hitachi. co. jp/New/cnews/month/2006/09/0921a. html)

Fo, JVEL—F—O WIC EZIZ RO A 7 U v R 28 RBH 5 L
) DEBEDOBEZRENSENTN D,

LU B, FEERITHEL/ENMC « /A ZXERDOANA TV v Ro— N &BHFET 5 Ol H
TIERVWE W) FEEERBBEOFRE LTAFLTNS, HEAL LTUL, 2T bEE
Pxa B @MEPLZ T %) 1I2iE, By — bR FEND ., /A A (BRI
I 12— FREWERERITHY | MEOREAFRRFICE 722 L3 LW,

L, Bfononga 7Yy Ry — MEBICR LT, 22— =5 0ZR b5
WEH T, HIEDARYy 7 DL DEFAH L TE TS, o, 2—VF—DFRIZE LT
V= h (T A) BT TRAV=ZAZATOEDOLTA T v 7 UTH L TV DEk
Th D,

N EREWT O HBIZONTE, 2o TG OMORR RSN EZATHD,
BT TA Y —ORBEERITME L TRV EE X D,
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