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Fig. 1.1 Development of optical transmission systems. [8]
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Fig. 1.3 Development of high-speed PIN-PD. [11]

1. 2 TEROMERE

DL, BHGb/ sLUETHETIBSRALBESATLERRTALH. @&
K CRRAFRFRHMAAALERZXREV 21— VORENPLENRTETHY, @RI
BLEED 2 —VERRMORAEILRELGS>TETWVS [3] — (5],

LALEYFS, REDBRES2—ITR, 1. 4ICRTLIIC, BERFOTIT
CTESUN Y —CRER T T T7AYTHERLTWSH, 106b//sBET
BET ASRE T 1 — IV CIREIRERSBICH I ZZBERTEXCTEAN L F 722 AN ER
TEYT. BREV 2 - NVOBEEBEFEIFRIN TN, DL, FREFECHFES >
A2 2EBOMERTEIH A LRRED 2 - VOREBMPEZE N T,

22T RETWR. SAFEFETVT U TOHBRTFERBICEIZFIERTEXTFESN H
TR AEEETEEH. BT, 5ICRTEI 4. FFOEBBEFICHINGEAUNLTE



BOAET Uy TFy TEGESBRFEATVS (3] . TOLIBAUNS TERWR
FEHETR. RFROMBEH L EFFITIBRCTILEFHIDICMA . ERRFICE
FEAE SR M UBHICIET 3 2 &2 5. BEEPHSNIC L 2BARTEMEA
DEFEIEREND,

Bonding Wire

Photodiode Preamplifier

1. 4 TA4VIEREBVWARROZEED 2 —IVEK
Fig. 1.4 Photoreceiver structure with conventional bonding wire.
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Fig. 1.5 Photoreceiver structure with gold bumps.
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PIN-PD Interconnection Preamplifier
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Fig. 1.7 Circuit model of interconnection between PIN-PD and preamplifier.

#1. 1 EBRBEH
Table 1.1 Circuit parameter.

Component Parameter
Reversal resistance Ri = 50 (M)
PIN-PD Capasitance Cj = 100 fF)
Series resistance Rs = 50 (0
Pad capasitance Cp = &40 (fF
Interconnection | Diameter of wire D = 25 (pm
Distance from ground H = 600 {um
Preamplifier Resistance Rl = 50 Ko B

(dB)

Relative Gain

0 5 10 15 20 25

Frequency (GHz)

E1. 8 SHREY1—MEHICEZIERROTVE
Fig. 1.8 Dependence of interconnection length on photoreceiver.
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Fig. 2.2 Comparison with solder bump technologies.
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Fig. 2.7 Microsolder bump formation process using thick photoresist.
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Fig. 2.13 Model of deposited solder bump.
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Fig. 2.14 Bump configuration after reflow.
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Fig. 2.15 Bump configuration after bonding.
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F2. 16 NTOEHRIE
Fig. 2.16 Bonding process of microsolder bumps.

(1) TFOTHEHEBCHR LARBERALE, HATIHETH 2 VEEROTIRE
Wt UBAhe L. MECLVIRLEDETI, MBEDOEICE. BHROT 1 X b
E%ﬁﬁbtounﬁﬁ%%ﬁbtﬁ?u\LTH@E%@?;tﬁfé\bﬁB\EQ
WEIFLEFRLAOLy hTHRET 3, HATIHEFHIVREREX. Y. 6 OBEY
ML X F—JICE#ENSB, £/, ALy bEXT—JVOMICKE. I7-PEEINT
HU\u&ﬁﬁ%%ﬁbk%?t?ﬂ%@ﬁ@tﬂﬁ—TV%:ﬁ@@t%b&éﬂxm
BALEEFTOICEN TEDMIBICE > TV, S5IC, RiEHTIF. 930 g f THFF
EMMETS (a) o

(2) RIC. REBALBACT TV IRERHT B, 77y 7R BALBMEICS
WT. BAFBORREERLELLY BALEDENERLTAEHDDHDTHS, I T,
24 AILY FO- I ZBICBHENAEBERMEOY 7797 (BRTLT 7 X2
JAEIR5003) AW, D7 Ty 7R, HE1. 079, #4E1500cps
. EMEEESEENEITOENT, SRTOMBMEIRCRELILMATSHS (b) o

31



(3) BAEOYZOREKY hTL—rEBVWTIT2 %L, 7L— FOEREEEE3. 5
CILREDOZ e TEBEEAMOB WAy b TL— b (FRABEREULTRA HOTPL
ATE HIS—500) tFiEDBEICKELTHE. TL— MRAICHMAERLE. @
AEDY TORFot, CDEE. BALEOREERNICENFFOPEROTHREBIFE
NEEBICHSEAEENS (c—d) o

(4) BHRICERAREAVNTI Ty 7 XERBRELNCTERIET TS (e) o

2. 6 EARE
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Table 2.1 Construction of test sample for mechanical performance.

——— —_—
Size: 1 mm sguare
Chip
Material: Ssi
Size: 3 mm sguare
Substrate
Material: Si, glass
Number : 8 12 20 32 60
Pitch(pm): 350 250 150 100 70
Bumps
Diameter ({Um) : 26
Material: In, 70% In-Pb, 50% In-Pb

FoyTEHTAEROPRICEMBEDLEELHMET 20DV —DERK L, N>
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TEOBALEMEELTIE, 100%In. 50%1n—Pb., 70% 1 n—PbZHAHW
o

Marker Solder bumps

‘ 1 mm /
| 350 T 250 pm
| 35 um/ / _ilsq+um

ll .l/ O/T .I . L4 L] .Iol.-..
= ) - f . O : Q =
8 bumps 12 bumps 20 bumps
100 pm 2
>| |« 100 pm > |« 7 “
:---o-": .QOU.C.I.GJ/I
32 bumps 60 bumps

2. 17 N>Tef@EbE~— 7 DEEEK
Fig. 2.17 Arrangement of bumps and marker.
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2. 18 N>T7OECSESER
Fig. 2.18 Self-alignment effect of microsolder bump bonding.
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F2. 2 FHEAMFHEAHOBK
Table 2.2 Construction of test sample for electrical performance.

Size: 0.5 x 1 mm
Dummy chip
Material: InP

Size: 2 x 4 mm
Chip carrier .
Material: InP

Number : 20 10
Pitch(f{m) : 100 150
Bumps
Height (um): 20 30
Material: In
Line width(pm) : 60
Coplanar waveguide Gap (Um) : 40
Dummy chip Microsolder bump

CPW through-line

Flip-chip bonding \ Chip carrier

~

Base metal

2. 19 miEdsEstlataoEK

Fig. 2.19 Construction and assembly of test sample for electrical performance.
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LTEB LA VWIS HER L. BIERHE L 7.
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2. 20 fIEEbHLHEEOFEHEDHRES
Fig. 2.20 Configuration for measuring alignment accuracy.
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Main-scale pattern
(3 pm wide)

Vernier-scale pattern

(3 pm wide) MH“&

5.9-um pitchk‘/
Measuring point

2. 21 R, BIREAVWAEMEBEDLEREDFMEAE
Fig. 2.21 Principle of proposed method for measuring alignment accuracy.
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Fig. 2.22 Measurement of shear atrength.
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2. 23 wHESEOFHESE

Fig. 2.23 Cross section of test sample used to measure frequency response.
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2. 26 HIXFRNCTERENLEFYT
Fig. 2.26 Chip pattern through glass substrate after bump bonding.

M2. 27 EFR. BIROEGZWINZ—>
Fig. 2.27 Overlap between main- and vernier-scale pattern.
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Fig. 2.28 Alignment accuracy after microsolder bump bonding.
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Fig. 2.29 Total shear strength of microsolder bumps.
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Fig. 2.30 Average shear strength per bump.
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Fig. 2.31 Dependence of shear strength on number of heat cycles.
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2. 32 /N> TEREEZN-EMHEASHOEK
Fig. 2.32 Fabricated test sample for electrical performance.
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Fig. 2.33 Measured S-parameters.
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Fig. 2.34 Simulation model of microsolder bump interconnection for frequency response.
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Fig. 2.35 Simulated frequency response.
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Fig. 2.36 |PF carrier for bump module.

B2. 3.1 BeATEIZa=I
Fig. 2.37 Bump module.
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Fig. 2.38 Frequency response of bump module.
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Fig. 2.39 Thermal simulation model of microsolder bump.
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Fig. 2.40 Temperature difference at microsolder bump interconnection.
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Fig. 3.2 Schematic view of a photoreceiver with microsolder bumps and an IPF carrier.

3. 2 EV1-IEES LU

CCTRITEEDEZHES 21— IVOBRER 3. 3ICRT, AREEV 21—V X
ICBRFEFN T —CERT7A NIy FOZODEH DI SBR SN TV D, BAFEF
INylr—Jd. BREFOEERD SKXAHFEEEZ 217D I nGaAs—P | NRIKFEF
FGaAs—MESFETTYUFZ TN TEFKEN, IPFX+UFTTTITLT
EETIvINY - DRFRIEERTIEBR TH D, 5. ARAXED 2 -V TR,
BREXOEENSIDDICNT L AZEBRELTHY . BAFFRZOORKEZHFD
YALPIN—PDEEBLTWS, £/ X774y bE. VERRERICER
ENE2KDEBMI 7 74N, 274NNy r—JFPSBRINATVS,

FLHEHMELTICRT,

(1) WNBALEN TER . RAFFETIVT7 o TROFETERXPTFEN 472X
AERTAED. WINGERBAENTERBVW TR TFREERETOWBRE L, BALNY

58



ﬁg& ’f,,fff’f’ Optical Fiber

Bend Limiter

V-grooved Substrate

Cover .
Lid

Hemispherical-
lensed Fibers

/

Photodiode

\\ Solder Bump

»,

Bonding

IPF Carrier

Inner Lead

Outer Lead

Optical
Fiber Package Fiber Unit

Photodiode
>> Package

I/0 Terminal
A

3. 3 ABHKED1—IOFMBER
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Absorption length «=0.68 pm~?
Electron velosity wv.=6.5x10° cm/s
Hole velosity v,.=4.8x10° cm/s
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Fig. 3.4 Model for frequency response of photodiode.
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Fig. 3.6 Dependence of characteristic impedance on coplanar waveguide structure.
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Fig. 3.8 Dependence of spot size on distance from fiber end.
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Fig. 3.9 Coupling efficiency between fiber and junction area versus lateral displacement.

3. 4 EVa—IEAILT

BB TS 2 —VOBE - AL TIREEX3. 1 0ICRT, ELTRI. FXFRT
FADBNEALEN TOERE ST VT TOEEBEADON L THEGTIIE, | PFX
Py UTOERS LV — RIRFOERIRE. AT 7ANXOT7 71X b NyF=IN
DERZEOHT7A4/1N1=y bOBAITIELSHE > TS, UTFIC, FIFRIIONT

AN

3. 41 NTOWRS L UES

WINTALENTORRER T4 T IFREMTICRT,

(1) BREFHSLUTVTLTI. BAENTHOTHEBEWAT %,

(2) ShFFRAICER 74 bLYZbEERL, BAREGET LR ZBEAICLY
BALBEMKT %,

70



Micro-solder Bump IPF Carrier

| BASE METAL FORMATION | | coppER LAYER FORMATION |

[ coLp BuMp FoRMaTION |

ISOLDER BUMP FORMATIONI

| reFLow BONDING | | wAVEGUIDE & LEAD FORMATION |

3
LEAD-BONDING & DIE-BONDING |

Optical Fiber Unit

r

[- LID ATTACHMENT I HEMISPHERICAL-LENSED
FIBER ATTACHMENT

|

[ opTIcAL ALLIGNMENT AND ATTACHMENT |

[ FIBER PACKAGE MOUNTING I

3. 10 Ea—/0O&EE - AL TIE
Fig. 3.10 Fabrication and assembly process.
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Fig. 3.11 26-um diameter microsolder bumps.
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Fig. 3.12 Photodiode bonded by microsolder bumps.
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Fig. 3.13 Structure of IPF carrier.
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Fig. 3.14 Fabrication process of IPF carrier.
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Fig. 3.15 Colse-up of IPF carrier inner lead.
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Fig. 3.16 Photograph of the fabricated photodiode package.
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Fig. 3.17 Photograph of photoreceiver.
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Fig. 3.18 Set up for frequency response of photoreceiver.
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Fig. 3.19 Frequency response of a photoreceiver.
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Fig. 4.2 Basic construction of receiver module.

G (Z&AE®E) OMLTXEKEL L, PLCEPIN—PDRIDXBM7 71X b%
BHICT B,

(3) M/NFAENTHI . 7VT7>T 1 CLEICP IN—PDENTEGT SR
L. BFEIOIESIESMEEHBL. TEI1 272 ARPEHIRT %,

(4) I PFHX+VTERE: FUAIRTANLECEM NI E-—FIN50Q0D07T
L—+ 8RR ETR L FRIERFICLY . TUT7T I CENy r—Y DiaFROA
SE-FCREBEERET Y.

fE &

AXNN

4. 3 FTIa1-—IEEET

SNET A EBRTALTORABHKTHAPLCIZ y b, XIEFEHR., EXUER
DX DOWTHEAR B,

84



4. 3. 1 XEKMORE

RESLA CRETRINAERAEE GEPLL) 228EL. AXFZIAWDREKPLL
EERTAICE. 90" N1 Ty RICELRERXDPEIVREL D, Tl NT2R
KIxHHOBREERTIE, EEXERREXEEE. PETIHY T INSITODRNAE
FETHOEFNFhOBEBREE (XREZE) PAREVE, FEREILEHEI LI 10,
BEDT7ANRDATITIE106b,/ s 2BAseR{LIIE#EE LS, CDIH. B
TSERBE—LZXT)vR (PBS) IC&WI0° NAT Ny FEBRLLXBRED
HEIFBESEREROFEE @G (PLC) ZEABLAL 18],

4. 3ICPLCOEBRETRT. 7511 1 1 OREIFTLICE SN D LD ICHEARE
PRIBELIBRL E T B0, Ty NY I b ATFHEHOT7—LICERE—-2 %53 T, H#IGE
HIcL ) HIEEREHBT AR E LA, PBSIE. AAMBERICTELTIZ7XS i b
Hit5EEZGTEERREFIHL TREDBET 218X TH 5,

PLC
Ly FBS N L
Optical signal input B
)
N Optical outputs
Local oscillator power *h\‘ :
P # [ C
FBS |
]/ ©
PBES: Polarization beam splitter \
250 pm
———————|
Core (8 pum x 8 pm) 1
thhhh““‘m“‘“‘u o

Cladding (50 um) i

Si substrate ’“’Hﬂ;ﬂ;fﬁ’ff

4. 3 PLCOHERK
Fig. 4.3 Basic construction of PLC.
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Fig. 4.4 Optical interconnection using GRIN rod lens.
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Fig. 4.5 Detailed structure of optical interconnection.
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Fig. 4.6 Dependence of spot size on Z-axis tolerance.
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= Bond microsolder-bump ® Mount metal frame eMount lens
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* diebond

)

Mount lens unit
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Fig. 4.7 Fabrication and assembly process.
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Fig. 4.8 Assembly of receiver module.
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Fig. 4.9 Assembly of lens unit.
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Fig. 4.10 Fabricated lens unit.
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Fig. 4.11 Optical power distribution at the focus.
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Fig. 4.13 Microsolder bumps with 26-um diameter.
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Fig. 4.14 Photograph of IPF carrier.
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Fig. 4.15 Photoreceiver fabricated using an IPF carrier.
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Fig. 4.16 Output power distribution of photoreceiver.
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Fig. 4.17 Close-up of fabricated lens unit and photoreceivers.
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Fig. 4.18 Photograph of fabricated receiver module.
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_____— Deposited solder
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Formation of deposited solder Bump bonding

7 A

Formation of transfered microsolder bumps

Chip

| é ;Base metal
E:f::fz::ffj:::::Deposited solder bumps
(e)

Carrier substrate

oo

T fransferred microsolder bumps

(£)

5. 1 &BE/NCTOHREITIZ
Fig. 5.1 Fabrication process of transferred microsolder bumps.
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DT ENTER D, BAFBEREORECHICLZFFANDIXA-VEEEITIZ
ENTED,

Transferred bump

IC process
bonding process

Base metal

Transferred bumps IC chip

IC chip * ;
Deposited solder bumps ‘

IC chip 7

Substrate Microsolder bumps

Carrier substrate

Solder process

5. 2 EETIROFNAIXIIELPSOYVEEL
Fig. 5.2 Transferred bump formation process is separate from the device formation.

Carrier substrates

Deposited solder bumps si wafer

5. 3 ZiEOXx v ) T7ERODER
Fig. 5.3 Various carrier substrate configurations.
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5. 3 EARBRE
5. 3. 1 HFEHEK

FAMNYLTNENTOBEERS. 16LURS. 4ICRT, S 2mm0S
i FoTE2mmO0F v UT7EEIPSE-TWVWS, SiFyTLEICKE. 74 I T
WELBDERE. VU7 A 7IREBTHEENTHOTHESI TR S NS, THERI,
MENT i /Pt/AuT. h—Z2IDOEEIZ0. 3 um, BEER I 6 umTHD, *
v )TEIRE LTI, BALEDEAMDEBNS i Dz NEBW, BALNZTRR 2
mmODFyvTEIZ, 120x200umDEYFTHA0 pmBONTH1 3 1{EIZ
ERFRICHEALIBR TH B, £/, BALMBELTRMADELS100%1In. 6
0%Sn—PbZHW:,

®5. 1 HEHERK

Table 5.1 Construction of test samples.

Size: 2 mm sguare
Chip Material: Si
Base metal: Ti/Pt/Au
( Diameter : 36-pm )
Thickness : 0.3-Uum
Carrier Size: 2 mm square
substrate ) )
Material: Si
Diameter: about 40 Mm
Microsolder Pitch: 120 um (min. )
bumps Number : 131
Materials: 100% In, 60% Sn-Pb
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Fig. 5.4 Arrangement of test sample.
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Carrier substrate

Deposited solder bumps

Chip alignment
Base meta

Chip

Pre-attach

Flux Chip carrier
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v
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Heat
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Solder reflow

Transferred microsolder
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L & =
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Chip

microsolder bump (£)

X5. 5 #BE/N>THRIEOFM
Fig. 5.5 Details of process to form transferred microsolder bumps.

F5. 2 &EEM

Table 5.2 Basic conditions.

: Forming conditions
Solder material
(Melting point) Pre-heat Eé:) Solder reflow
100% In Pressure and heat Heat treatment
(156TC) treatment below above the melting
the melting point point of the solder
60% SnFb
of the solder (about 200T)
(1837T) (150-170TC)
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5. 6 VIZMATICENEBBIALENZ—2FHERLAES i 7T/
Fig. 5.6 Si wafer with deposited solder.
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Fig. 5.7 Carrier substrate with deposited solder.
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Fig. 5.8 Transferred microsolder bumps on a chip.
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Pr:aé;.l:e Conventional o iy

bonding head @'

with flat surface

Carrier substrate
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_//solder bumps \ ..........
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P chip <2
Heat Heat
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E5. 9 AHY—MEOEE
Fig. 5.9 Examples of nonuniform applied pressure.
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Contact area

5. 10 AY—IMEDEBERIAIL
Fig. 5.10 Carrier substrate with ununiform contact.
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Fig. 5.11 Model of uniform pressure treatment using the spherical-surface bonding head.
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5. 12 HERKAEZBAVTHES hEH
Fig. 5.12 Carrier substrate with uniform contact.

Bonding head with a spherical surface

Carrier substrate
and chip

Chip carrier

E5. 13 ZX7F>LXKR—=ILTHEL HFEE
Fig. 5.13 Photograph of the bonding head with stainless-steel ball.
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Transferred microsolder bumps
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5. 14 XFLLAR—IOMEETHERENGEE/NT
Fig. 5.14 Perfect transferred microsolder bumps using the improved bonding head.

-
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E5. 15 &EBENTDS EME
Fig. 5.15 Magnified view of uniform transferred microsolder bumps.
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5. 6 Ixf{EFEMEO

5. 6. 1 EFEHEK

5/N T EBVWT/N L THER LAAROEBEMFEIC oL THEN S, AFHEBRIE. &
5. 3LCARTEBYNTHD, £/, R 2mm0Fy 7H5. 9x 4. ImmDIAR
A 3 REAR GEECIRE R 1 3 FIERE THR S hAERRIR) (SN2 THERS N 2EBRK
Thd, £1-. FyT7OEEMEIEGE. ChHOS5OEENTOELEEHEEATNSG a
As&lL. $AFRYA I FERIZ., BEEMHICERZIAINERW ., FvT7RLEIRER
A2 RIEEEN S 42 2 BEART. THEEIWS i /Au/ Pt/ AuT36 umfE,
0. 55 umBE L, £/, EREARVAIFD 2B S LY THERIEN i /A
UuT36umZE. 3. 2umETH 3, BEIFIER. Fv 7. EREBICA40 umTH S,
BAENTOEBRELTIE. 2mmO0RICH4 0 umBET. B0EDNTH200
umbEy FTEFIENABRE L, ERMFHERORALMBEL TR, MADSL6
0%Sn—PbERW:E, COEI2LBFy T, N7, BEIROBRT. Fv 7 EERDE
B BALENTENLTEVEBWIIESICER SN BETH S, DL D LEIRIE
EELTWBE0, ABREICIE, BIEDEARERAD2ATEREAET S EICLET
MBTHZENTES,

£5. 3 BFAHBR S L UFFMEIER

Table 5.3 Test sample structure and heat cycle condition.

Size: 2 mm square
Base material: GaAs

Chip Circuit: Copper polyimide 2 layers
Base metal: WSi/Au/Pt/Au

Diameter : 36-pum
Thickness : 0.55-pm

Size: 5.9 mm x 4.9 mm
\ Base material: ALN
Test samples Substrate Circuit: Copper polyimide 2 layers
Base metal: Ni/Au,~ Diameter : 36-pum

Thickness :3.2-um

Diameter: about 40 pm
Bump Pitch: 200 pm
Number : 80
Materials: 60% Sn-Pb
Heat cycle
condition 30 min. at -55C <> 30 min. at 125T
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Transferred microsolder bumps
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5. 16 GaAsFv7
Fig. 5.16 GaAs chip.

GaAs chip Copper-polyimide substrate

5. 17 GaAsFvyTHINCTiEGEhi-H iR
Fig. 5.17 Substrate with flip-chip bonded GaAs chip.
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#5. 4 HBEARESR

Table 5.4 Test method of mechanical stress.

Test method Test Conditions

Frequency:10~2000Hz

vibration test Direction:x, y, z
Time:48 min.

Itensity:1500G
Mechanical shock test Direction:x1, yl, y2, zl
Time:0.5msec.

Intensity:5000G

constant acceleration test Direction:x1l, x2, yi1, ¥2. zl, 22
Time: 6min.

HEAHE (C 7022) | ICHERL, K. HE. EMNREABRFOEHBVRIEHERIC
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WTIE. 50006, X1X2Y1Y2Z1Z220&FM14%. b—=2)658 (JISD
A—9) &L 7,

5. 6. 3 HAERER

BMYA7ILET000Y S ZINETMALBED, CAMBE /N> TiER %S CERE
MOZBTILERS. 1 8IIRT., CAKPAEIE1 00 01 ZIMCEVWTHREL TS
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Fig. 5.18 Dependence of shear strength, and resistance of bumps and circuits on
number of heat cycles.
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IC(1.5 x 3 mm) Copper-polyimide substrate
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Fig. 5.19 Flip-chip bonded GaAs IC on a copper-polyimide substrate.
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Fig. 5.20 Flip-chip bonded GaAs IC on a planar lightwave circuit.
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Fig. 5.21 Flip-chip bonded array LD on a AIN substrate.
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Fig. 5.22 Flip-chip bonded WG-PIN-PD on preamplifier.
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Fig. 5.23 Transferred microsolder bumps for various chip sizes and bump numbers.
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Fig. 5.24 Multi-transferred bump formation process.
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Fig. 5.25 Application of multi-transferred microsolder bumps for optical interconnection
module.
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