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ABSTRACT

In today's age of information explosion, the fiber-optic
communications is the best solution to meet the fast growing bandwidth
demand. The duplex module packages on the accuracy requirements will
also highly increase in response to the needs of new generation
high-speed networks. The process of active components for optical
communication and optical coupling have been important issues of
continuous improvements. Finding a better optical and electrical
properties gives the opportunity to develop a higher speed network.

BOSA (Bi-directional Sub-Optical Assembly) mainly includes the
optical transmitter module and receiver module. This paper provides a
testing and packaging method for duplex module. We treat the receiver
module using epoxy gel sealing packaging method and laser welding
technique for the transmitter module respectively to fix these two parts
onto the metal main body. And sieve out the finished product with the
laid-down electrical specifications to meet the conditions of testing and
reliability.

This thesis employs optics simulation tool ZEMAX to explore the
influence of active chip offset on the optical beam angle at which the
beam enters the fiber end face while optical coupling efficiency reaches a
maximum in theory. The experiments are conducted to observe the
corresponding effect of chip offset when the coupling efficiency is fine
tuned to the maximum. After a series of simulations and experiments, it
can be concluded that the every 10um chip offset gives a 0.5° TO light
angle deviation. By this rule, the desired value of chip offset is calculated
to be 60um when a 6° fiber inclined plane is deployed in the BOSA
structure. The coupling efficiency is also improved to the best and 5.46%
higher than the conventional zero chip offset case. The effectiveness of
the chip offset method is verified. The results also provide a greater
tolerance for post-weld displacements generated by laser welding.
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® FiLEF 200 § % EPON % % = «
ITU-T G. 984

« GPON (+ -¢ PON » Gigabit Passive Optical Network) :i&
A_BPON tR# g B o GPON £ 3# { B e & > 3 5 0% 2%
fev EH % - K 23R (ATM > GEM> Ethernet). % 2008 &
PACR R HET ST AT 80 iR, wRR G (British
Telecom) fr# RT 2% H 2 & (AT&T ) & i 7% %% o
Hp - o Fejp o R U2 7 (Independent fibre

networks LTD) & fe-PR7x 3% %7 4 See the Light & T4k &
{ % i# hGPON it 2 {8 3] = (FITH-fibre to the home) -

[EEE P802. 3av

- 10G-EPON (10 + ¥z =~ % PON)#& - i IEEE & / 1 42 %
i3 10Gbit/s ek & o » T % 802. 3ah &2 2 EPON.
10GigEPON #-¢ & * & fpid & % 106G = 1G ™ 7 - 802. 3av #-
g Hipp £ TDMA redrs & 10G v 1G B et 7,
10G-EPON » ¢ & WDM-PON H % (i&J WDM-PON 2 % ). &
RERE AL LI B 2 B LT

SCTE 1PS910

- RFoG (RFoverGlass)® - % SCTE eh/i & @A 4 | ¢
RBE o e 3ty kKR F Bcdy PON 342 % ohEhdt § gk
(P2MP)4% ¥ » 4= EPON » GEPON or 10GigEPON. RFoG # i

11



- Bk PON (FTTH PON) i — L& & 4 & 4 3"
% PON 1 MSOs % #

2.2.2 EPON(Ethernet Passive Optical Network):irie§:. 78 4

EPON A_— & 2k >4 # 54 5k 4 4 i 7F 4 (Passive Optical Network > PON)
L X .3}&@@@&2&5(%@ 2-3) THEHF - kg g s 1
(Wavelength Division Multiplex » WDM)#irg BLgh4t & B 1 13 >
el S Wb SRR R R - BACH BT SR  H - W e
EHAFRBERE > D LN LA PR T o PR T
3 g% (Next Generation Network »"NGN)IP itz # E 5% -

EPON x %t & + d B =32k # (Optical Line Terminal » OLT) ~ i #$3%
% (Optical Network Unit > ONU)Feakdi=s%erk o ot % (Passive Optical
Splitter)ie= o &g 5 = @Bmeedt b > EPON v 2 L3 1. 25Gbps %
fd S B GREEERTE20 22 0 A EL AB BN 1016 & 5
TP ppEr e ] 320 Ak L&Y b oo EPON i€ * 3
1310nm~1490nm # 1550nm = @& & > # ¢ 1310nm & & % § 5 &34 ONU
HAOLT 4@t Bacdp 74 @ 1490nm 4 & B % f F K$d OLT =4
2 ONU =4 @ ix e @ fcdp B4 > ¥ 8 1550nm i & ¥ foF R CATV ehsg
VORARAEE -

. OLT =5 > WDM f # &~ @ (d OLT =3 /A ONU =3 &% )= » #-1490nm
% 1550nm i& 2 B & 8 & T H ik % (Single Mode Fiber)}t » I pFs
fF et B(d ONU=p /A OLT = @ %)= » #-1310nm i& B4 & 48 & & OLT

ek % (Optical Transceiver)#ic o

OLT 2 ONU * 7= o » E 224t 5 (P2MP) e Vi (7 B 4%

12



Lo R H R BB

(Broadcast) » & % d #* 2 gzl BT ol gl o )
~ videomulticast/broadcast #PR#%OLT X ¢z (a3t i3 » »

B)4% & Gigabit Ethernet # 8 / 6 o 5 1 £ 38 v i 7042 %0 OLT
DH/SONET 4 & &2 o

el
=

Be L4 ATMFR 2 2 0C3/12/48/192 % :#

% enS
& EPON er% % = 6 > OLT 23 & ergrl v oo > LA EL S ehi & 7 5 o

7 ONU =% > WDM ¢ 7 2™ @ (d OLT =4 /A& ONU =% &% )= » #-1490nm
%2 1550nm i& 2 B £ & W48 4 % ONU ek % (Optical Transceiver)
% CATV Receiver #icie » e pFe g fud @(d ONU =5 /4 OLT = @ %)
v - 1310nm e Bk & 48 & DU Hk 5 .

I ONU 2+ §7 @ﬁﬁé’ﬁw@_"’ R g se o ONU + 7 @ﬁ%lz‘il'l 2Lyt ek
(P2P)* 3% » 3&PB OLT » e dids4]:217 > 3% * » pF % 1 (Time Division
Multiplex » TDM) & %> ot 4 T 4= B ONU & fie & * ﬁﬂ@ﬁiﬁfﬁ%ﬁ(ﬁme
Slot) > # pp b %k f 7 F ONU ehdfcd B4 2 2 pifi

ook R BT 2 R R (LAN) B ¥ B0 40 ¢ e (MAN) ~ R 32 e
Fo(WAN) s # s ze > "g ¥ H ey B 7 022 % 3 10Gbps » @ 1 EPON & %%
S AR AERE 7 R HE O g { ] Ethernet
all the way > if "f 7 WAN £2 LAN et b ATM {v [P 2 R ehig s > 330w

> [PRREREE- BRFEH -

2.3 * 4z #F i (Optical Transceiver Module) 4 %
PR (T ko fER)IC (%

,:}F,

Ih—> 2 - g

2
g

ke g e g & 22
LA st (BRI R ) i
CAILEARE A T ARLE R AT R R UF A B
SR BT AR 24 R F B F Rk

4
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(Electrical/Optical » EO) 2L 4% ek 3 S+4ic%e (Optical
Transmitter Module) > % ELA| A TR 2 0¥ k2 L5
SERE RN R A SRS s LS

(Optical/Electrical » OF ) 2 5 d 4% sk &z fi- e (Optical Receiver
Module) » H#-d&qzp L2 L Sudde o LWL & > @ kT gL iC

> BBl 4o B 2-5 A7 o
- BEEI e E RSk g e BRCRE R AT FF A

AR RRATFF AT AR A MBEAEFFRCERE = FF
FeifApng = F A7 o RWFEI LG L BT & % B
A E > e R E A SRR he kA Eer i 00 A2 5
ko z® (Optical Receiver) o #pk &7 MBS d Sl B » W HL AL
B2 BESRE R P (Driver JO) e R A 4 LM ELE » L §
P ded iR dord g (5 E gt o PTREZ. G kg 5 (Optical
Transmitter) - % &3 ¥ i&m = + ek m@ﬁ,ﬁ{’h fogf ficde

(Optical Transceivermodule)s i & en1 i% o

2.4 &g x#H e 0SA (Optical Sub-assembly)

kATF e A B A L F SR BT S A AN (Ar ) 2-6)
XLz ad AR | FRTREAEE > REROTRAGBEL LT

Hh
BT AR B VS RBI2-TR A d QAR E -

mv

e
2-4-1 &3 8= 5% TOSA(Transmitter Optical Sub-assembly)

kB @?J - TOSA(Transmitter Optical Sub-assembly) i & & ﬁi%] 7oL
IR AP f FRAST R 1 2 T E S ST T S R L kD
a%%gﬁ@%%ﬁaﬁ@m%ﬂ%’ﬁé%ﬁﬁ%ﬂ%%oiﬁﬁé
SRR R AP AR HEPE Y RIS BRSO A
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Rt B A R-F 5 F TR A3 A8 (R 2-8) 1 & 1% 3+ F 3 Wi
% TOS6( M 2-9) o £ #-T056 4% A 3E » Fe fihs' (coaxial ) 6 G4 ep & 46
B3 (receptacle) e gkl 2 % 5 & 64978 diensk ©d LT N E &
A CRRBE PN RSS2 (s TR ke

k¢ 5=t $i2 2 TOSACH® 2-10) -
2-4-2 &k jc=x #- ROSA(Receiver Optical Sub-assembly)

& )it ROSA(Receiver Optical Sub-assembly) &z & & % & w
KB > RIS S R U ELO R S R A o § R g s ARk
7= 14 (PD Chip) Bt TR AI$H2E A (2-11)F & f1* 3+ F %4t > v
%2 TOA6(4r@) 2-12) o TOA6 3t % & = & (63 ~ e #h3E A ;% (receptacle)
gl 3 B g TOSA 2o 3 NBF 07 0 Z 15 A% W4t S\ ke kR
Bre(4rBl 2-13) c 3@ R B Ee 71 BRI S B~ B/
PR S FT s B ki M A B R ELE RIH o ik dRT
Benfed P o KBV R AL R PR o RGBT L AT T 2
RER UFTZTEABRAE -BHREEFTEARE ¥ 2 HF oM
AEE R AR GBI R EFT 5 PIN - &4 APD - &4
Zf8 > PIN ehsi A il > o pFr BBl 2 977 0 F]P A RF 4§
2 PIN 34 ERdEH®EEY GaAs 2 InGaAs 5 L F4EHH4L > § 3

0.85~1.60onm & & #= [l 2 & &R -
2-5 1 - (Bi-directional optical sub-assembly) /i %

B a6 =0 o BOSAC AU mAk de kS (PON) ¥ 40— 1 B
GERE R 3 R AL BT Rk R RIEL o A R B T
20 N S L BT e AR 2 TR TR Ao ik

a4 o BOSA* 7 ~ 5 Diplexer = Triplexer = fasg3| - ## >

15



Diplexer ¥ # E 445 BOSA o d — B X3 b4 Bfr— B LB B
HEgEw a4 o 3% EPON =28 (ONU) BF > 3 * 1310 nm A & &
#1490 nm o B 8 5 (OLT) PRI F 22 o b b > 5 4 36 & 3% BOSA

&E A BOSA EFERY AR A G LR (4oBl 2-14 0 2-15) - B %
Bt oo Falaiel &d 3 A ]  sdhep (B pPARANRER) ~ § M 1R
TO56 ~ & & Pl = 1&=%48 TO46 ~ Jgik 7 fo7 4ddp AR X 25 o

2-5-1 A * 2 L HMT &

HHTEHIE R LEMIT S RAL 0n § AT
Fabry-Perot(FP):f &+3] § &= 48 & k(chip) ~ & i v 4R ¥ 5174 § 5 =
%88 (DFB) &k~ o 54§ 5= &8 (VCSEL) & £~ o 53] % % = &4 (LED)
fo 2 o B & PR £ - &4 (RCLED) $a 7k o 4 & /X~ 2 ey ]
Hi 0.5x0.5mm 0 F BRI E TSR T d Koo od 0
Rt R e B R TR 0 FIp AR E R G S S 5
AR A& A G iF s F S (FPADFB) ¥ 6 53] § 54 (VCSEL) = #& - 7]
KA 2 BEEL TR POk R RFERIFREZ Biiaw A o
LEPETHOHREFES FAE T R TR LM 7 (AR
2-16) °

W kB e s Rk > TP EE TR L S A kR
AR E Bt L F R L (DR R e ik R
X2 MArh e (A F > IR Rand Fok s (3) B4 mﬁ%]“"ﬁ
Fodw g ook gE r kY o (M HT R T MR
AE 2N (OB FRESF (O)rEmEPEa -

Pavacsgom ig g2 akihi & 5 L EM G & (Laser Diode >
LD)% % %k = 4&%8 (Light Emitting Diode > LED) - - 4&a 3 - LD mﬁi%l
NHFF - BRERECREFF FRERREY > RRBEFRET
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PGl e S H A RE Y AY SERTERT G f;w%];rﬁ LED #gsy
FEERE s B R CRFRT CFRLRRAE D BRIy SR
PEA AT o Fl A g fe R D] G HCR R LOBAR iy B

RBEZ L B@ELARDLFALLEAR > A AR T ALER
BT ERARG gy Rina A RS SURE L PR
R R LR NREIERE o - BT LRI SR RS
kgid T Hice - B Lithium-niobate 33 % B 3|3 %P o
SR K G 0 R PH - KR BRES S GRG0 T
Fa kg Ak L ERF o< K7 A~ 45 =% Fabry- Perot(F-P)
LERT s Hag L EME W DFB § )~ £ E X dRpw WA S
(VCSEL) > # s » 4o * FP i @l et F5+@:X o1 & % 3t CATV
g% @ WDM/DWDM + #-ensdes F 80 EDFA 3 84erm 3o T fif
LT Bpengiil

(1)Fabry— Perot(FP)Z %8 5 &

1897 &2 W28 722 # 2 (Charles Fabry) £ % (Alfred Perot)
FRARF LRF HRE L2 s T RFEEIRE ) & TFabry-Perot %
P e vAIF R ER A VA BRI RROR R fon E AT
FoF-PE &It e Ewa > T E R LF S BRA (BE )
fop s o MR D HCRR EDE SR kY B G P AU 0 A B
ok 2 BER CTIUH] 0 R Y TR B e i B
FTTC - 7 id **p 3 sffpd s 8 - WA R F 5 -

(2) & i w4 f 53] 7 &4 (DFB)

3R F- P § fenad A Hf] s v A1 kfp REBFTIREL A
VAE o BT EEIEER LFHE - B E AL EIE AN EAFT B Aok
AN H AR R S(DFB) o (AT Sd R iRERTEML ¢ X5 K
# (5100 = 2)% & (OGbps) @ i et 52 -
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(3)Z-2 £ &=vo &4 5 & (VCSEL)

-8 w4 o s+ F 5+ (Vertical cavity surface emitting laser °
VOSELs) fo i 20 s 4~ R THHEE T (enk SRLTER S 6 ) o d 20
MEEh o s EHNER T MR A2 27 5 oafg s Eirt kg~ @
A b T A AREE RS @ F VCSEL #pE il B A pRp o

211 sh st ] o LED(ELED ) 4p vt - VCSEL b = ¢ shlgdp it (2 7 )
At AW EAY RS FFom r VCSEL 882 FF @l iviginy B

FwendE s o 2 HOELED F & faf 5 gher B3 ) H A G 5 P

8225 VOSEL § ¥t 5 fhenifdt - e &% o Kip dpe i+ 35 #E%
FHOP2FHA RAELDFRE DRI F L (6 20nm) > Flt & 7 g #
WM s B ERe R @B e FTTH ~ FTIC % i 5 4 -
2-5-2 WM T 2 &k - B4

(DPIN = &84 * &

PIN = &% % R R kY R BRI B 3
EoFARS > Mg > TEKTERAEIRATR L0 ] ES 2
REHFE e RF R EFE LR TR Fa R P EHBER

BE o Pt @R FHAPINAR S FARBERETF L bt

%?ﬁ
F_&
7‘"\

&

PIN = f&#1 20w inB > § BRHDZLHE > L3 27 LHP

AR FETF I 2 BRAEZIHFPN GBI AR KT
SR WA A AUED L RIERE A LT BT R i
* o

PIN - fetichigiy  *R7PAFGREEZ LG REAfE L G RED
= iR, "L’]‘#‘ﬁiﬁéﬁ v e §_k Al il p+%])§l':‘%§@§;\:;\v]( v oM MR MBS ok o
Fopka- &4 % nt [nP R F 2 EP s Fpt 7 B IR E ot
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& el B E o

PIN = f&t@enk s & > AP FRT L FFORRE > 2 2 4
FLRFEOMNATFEBELLIFZTRT M -

(2)# % - =44 (APD)

BHE BRI L p-n e L@ NP E AP BRTIF F
BN LIHRAA-HITITF  XBLFhEL LT[ TIRES
FERY LRI EF RFLR RS A 2R TR
TR+ —RFH A EREFT AL FIL A S TR @
=T HE o

APD L EBFIE 3 4pg Sl ¥ v PR BHFTR > FF R EE L
BEAESRiE G ko b A EHITREE ¥ ZTARE S e BB R A

4

e

A

T

TERT 2 o P el 35 BRT TR e
G dar 2 LA REEL AR RS TR RAOR R R R
ood WR I OPEE L) b L B HREBT R WA APD EES L
5 5 o

2-5-3 0"k ¥

B 2-17> A& pehs BRBICEAL HED SRIHAE PR
TR M 5Lz 5 o EPON & * 2 ONU =+ > - Boprig * 1490nm sk &
WELE Y o

2-5-4 45° ik %

4eB] 2-18 0 A & P 0 B d S £ R Bk Rk T EPON & *
ONU st o — Begri@ * 1310nm el £ U ide 5 F b o B Sfrh2 § 8
Wl 658 5 5L F 5 40 gk B 18 0 - 1310nm 0k S ELE A BB 0 @
mA Tt A 0 1490nm Ak £ 2k R HLE T SR A (s o Tl R HL2 R
Tk B A KR FI A 4D R P P AL T R M AT B
(SR VRN LE SRR RO X A
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2-5-5 & & & &0 %35 MIM(Metal Powder Injection Molding)MIM
* idh 1Y

B 2-19 0 A &R & EF 4= 14 LD(Laser Diode) » R Pl= &4
PT(Pin Tia) » 45% g ¥ (45°Filter) » 0" gk ¥ (0°Filter) & ~ 2 2
FATNAM > FIFR e i BEAsaEd s Higfpuz © Fx3t
FoAv I ARG R o FUET e R - SR Y
FAuER o IRES F AT A B o W 07 it T SUS3L6
SUS304 & » p v ARERLIF 54 > FUEBR 2 4 ehg Ko - L@ % 840
REBBE ARSI AFH AR T EREE PR AN A

2-5-6 Z $63 K&

ho@] 2-20 0 A & PG R ERERAR(S 2B RS AT P
FR LA FRie 0 R FZght cop d g 2 XY T G gk TG oo
FAzF IS IE S gk iy B BT A Ak RS T 5

SR Lo
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At

SERE
Fiber

DR EE S/ EE Snl A
FeB

[ EHBANEE NS BRESAE | ERERR | e
Forlomioaye || ORINLens | ¥VO/LiNGO; | YIG/BIG | Thin film fller | §, Gags, WP

ToEEES EHER | SuE | TEEERE | LEEE )  emems | @
Ilodulator LED/LD

Comnector  Patchzord Splitter Tunable &ttermator Circulator H
PEPUETE | OSERHRA  LWAEE |

AWG Optical Switch | Isolator . SRR
SR SERAE mRTas S 3 e | s
'.\ Fiber grating Coupler | Interleswer Cuollitnator FaY Optical arplifier |
DWDI B | %&kﬁmﬁ_“ SEU T
& THEE T OADIM Optical Amplifier | | Transceiver module
Tuhasz/deno
IS |ﬂs’i§ﬁf§ﬁ§§9‘ H SRR H SRR
DxC Tunable Laser | [Transmitter|| Receiver

seRE R | | @it | Eeencmnen| | Lansenn || mwssrem |

[ = all fiker [ ¢ micro optics [ * planer wrare onide O F Optical WEWS [ ¢ three types

Bl 2-1 X TnAE/ 2 R HEE

0%

%) 48 4995 (Passive Optical Network) i‘\

8 B B
SMF
ONU
i SMF
i
-
E SMF Splitter
:
oLT SMF

OLT: Optical Line Termination
ONU: Optical Network Unit = ]
SMF: Single Mode Fiber

i
1

i

Bl 2-2 Ak $s ok e B 2 1 ]
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Residential ONU
Ethernet services via
1000Base-PX

C:@ / Multiple GbE uplinks
' OLT with EPON
interfaces /

B-RAS
0 LT {Bandwidth Remove Access Server)
DSLs
C{ Multiple PONs per OLT
- GbE {1000Base-PX)
¥ 2-3 = EPON & & %35
SElTEIEE
Hirds Bl
(Transmitter) (Receiver)
=5 R 2o g
F (L@J (LED)

Fabry-PerotZE &+ ﬁgﬁ_ﬂ g%ﬂ'ﬂ
(Surface Emitting YLED| | (Edge Emitting JLED

EUEISEES
(DFB)

TR R R EH
(DBR)

EELIREEE
(VCSEL)

Bl 2-4 % o3 i 2 HE R
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PIN
diode

Limiting Amp

> TIA

U

Laser driver

i
Laser / -
diode \

Bl 2-0 6 M HLE e 2 B

Bl 2-6 kT3 e e £ B

Active fiberoptic product development process

S
) ! Chip Processing Tech |

- -

TO%A= Transmitter Optical Sub-zassernbly
RO5 8= Receiver Optical Sub-assernbly
ES A= Electrical Sub-assermbly

|Chip on sub-mount |

:

DIL/Butterfly package
=Pigtailed type

!

Coaxial package
= Pigtailed type
*Receptacle type

*Receptacle type

|

S ——

: Tech I

[ ——

Elactrical

e

Subassambly

| Optical Transceiver |

B 2-7 skid~

i 4l 4% @



B 2-11 ez TO46 £ 5%
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B 2-12 TO46 B 2-13 0 qz=x 15 2(ROSA)

Bl 2-14 -k 43& A 3% BOSA *F LR Bl 2-15 3 5% BOSA *t L]

Energy Gap [eV]

25

20

05

00

Optical Disks, Displays ~ Transmission systems

Energy gap versus lattice constant for the LAN’s, Interconnects
most common III-V ternary alloys
5 InGaAsP/lP
-2 AlGalnAs/ToP |
i GalnNAs/GaAs
i GaAsSb/GaAs
I InGaAs/Gads || 980/1060 nm
i AlGaas/Gaas | 780/808/850 nm [}
L AlGaInP/GaAs | 650 nm -
i e 1300 1550
54 ‘ 56 58 60 62 6.4 Blue DVD 59 -ﬂIJ'J ﬂIJG 8:30 1oloo 1ztlno I14c:|o I 1600

Latlice Constant [A]

B2-16 Laser#f ki #
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MEEEEEEEEN

Bl 2-18 457 ik *

Bl 2-17 0" jmk ®

B12-20 sk 4% ph A 7 ihTE

B12-19 BOSA MIM7 44m ~ 18
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¥ % 1S EleiEe R
3-1 R%HKA
3-1-1 F &fp 45T -

Aot A S 2L AM-ASL-1003] 5 0 de@13-1 ~ 3-2~ 3-3 0 § SR
g 53t (adhesives) & #04% (soldering) ™ 3% » & 5 §oi® ~ 48 %
A EEE T RAEFERY ¢ S S ERR A AR
BT RO E T 5N AR A RPN - T M AR e LR
P A@ Bkl B A R H FARED RS B R BALT SRR T
cend R AR R o Bem 2 fdey AN T ik k ep
THP AR R NAFEANE LS

3-1-2 %igR|- wAMLAFie R

dok TR AL P T Ar IS4 1R 4k RS HEAE Y K
gk IER R AN YZ’&%@ﬁﬁﬁuga%Qﬁﬁﬁaaﬁ;
E b r% ﬁl'— U V’IO/},%l I% E‘!;,E “'E‘"f 1@.{1’ o

3-1-3  L-I-V(E-F -2 R)PIE 5

dEIRALE R (TR 4o B35 o LI-V(E-R TR iR
SRR SRR K- R L R e BRI R 2 3
oo FhEHR A AL TR T SR kA EE S

T &R
3-1-4 % % ®(Optical Attenuator)

i * Agilent = @ A2 &2 8156AZI 5L 4-BI3-6 < & % B A $k#
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Figi- TR RFDOEE o K FHEI1200-1650nm kG EF A F 5 R
60dB & 7#30.001dBZ 47 t£(& Al & +0. 005dB) ##epr R 20-400ms
ﬁ‘x%@?l% 7 3 4+23dBm -

3-1-5 sk # F 2+ (Power Meter)

¥ * AnristuA &2 5P2007) 5. » 4o Bl3-T o Ak sk s v » PR L
FEB AR ¥ PR FH RS FABE- BB TS T
o EEREF AR P RER S TR R

3-1-6 UV¥H * LR st ®

i# * HAMAMATS > @ 2 &2z Lightningcure 200355 > 4-B]3-8 - 1 &
#im UV Kebkpit > iv5 UV gl B * 2 o

3-1-7 ## &

# * AnristuA &2 MP1632CA1 5 » 4= §]3~9 - 12 ’F%L?"c/)ﬁﬁé*] dipe &k
R EHE PCB ﬁé?] RF 8o v & Rk 17 5L pFA% 4% gl
P SR 3NV SR BI3-10 -

3-1-8 A2 1 F HIE RIS

g
-
+3
e

#Fr R E AR A K2 TTC-C4UP-QAI 5L » 4o BI3-11 - 1 &
= g MR % (T/C > Temperature Cycle) iPmk B {6 » il 12 4
BipE AR R kg

™
|3
i

I-2F kixit g
3-2-1 mg e 17§ ¢

(=) 457 m * (45°Filter) F B i ¥
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@ % AT~ 353ND W ~ 101 BAcAE -

1% 9 Fukesr 353ND %+ & A B erdy B B i £ 0 (4e ]
3-12) -

2. % 45°Filter * 4+ % 42% K » # HR Coating = %+ > £ # 45°
Filter *xi& U A|# P » £ & 45°Filter* 4+ 48:2 U A K (4R
3-13) -

3. * o greiff 7t & Filter ¢hi ¥ &£ 5 T4/ - T » 1 iEFilter R

T (4rBl3-14) -

4, #-E B A4F Filter eBoay?c i T priz B % 48 (4-B3-15) » » 8%
110°C/0.5 /] BF o

R R Rl0R s TR G Filter A.F 7 #sde> 02 5 P RS
B EB (Ae@3-16 0 BI3=1T > (BI3-18) 4o ®EiF - B * Tﬁ [ cobtblia iy

(=) O°Filter *™it# :
@ AE D4R~ 353ND W~ 10 B Ak

1% 7 kst or 353ND % o £ b4 B erg B B e (4ol
3-19)

2. % 0°Filter * 43 &4=% F % 4% AR Coating & #7 + » #&# 0°
Filter »»~w p (4e®3-20) -

3. % F#rehih ©£H & Filter e @ & o T4E&- 7 > w1 Filter B
T (4rF3-21) B -
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4. BB AR Filter 0% &dp AR 2T s 5@ > 2% 110°C/ 0.5 /)
B o

1

S
i)

> =3

2 F e l0RBMaET A Filter 7 324 0 85 « 283
A5 (4rF13-22 0 W3-23 0 W3-24) 4oF i3 o BI* {585
PR o A BB R R kRELE  RIFEL

3 m,ﬁ;‘- 7’

(=) TO56 /& » Body : @@ * %@ : 2R S 4R FTILE

1. L% SR criedd Md4F Ball lens» £ % LDTO% » +ip B¢ (4r
®3-25) o

2. H-F dhdm ARITET VRIS E (4oB13-26) 0 T R AR T
=3 (4oB3-27) -

3. 7= TOD6 & ¥%e2 % 4didh A M eiiE £ & 7% Bt 2. %) (4rB)3-28) 0 2K 18
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Chip offset 0 ¢ m-Align. 4 direction( mW)(Pop@30mA) Coupling Effici
NO. 0’ 90° | 180" | 270° | Max | Min |C.E(max)/C.E(min)Max-min
1 1.56 0.9 1.02] 159 1.59 0.9| 17.67%| 10.00%| 7.67%
2 1.14 1.07] 1.35 1.1 1.35| 1.07] 15.00%| 11.89%| 3.11%
3 1.44 163 0.78 0.73 1.63] 0.73] 18.11% 8.11%| 10.00%
4 155 1.14 1.15] 1.37 1.55] 114 17.22%| 12.67%| 4.56%
5 1.27) 1.57] 1.52) 1.07 1.57) 1.07] 17.44%| 11.89%| 5.56%
6 1.49] 156/ 1.24] 096 1.56] 0.96] 17.33%| 10.67%| 6.67%
7 147 135 1.33] 1.42] 147 133 16.33%| 14.78%| 1.56%
8 093] 1.05 0.83] 0.83] 1.05] 0.83] 11.67%| 9.22%| 2.44%
9 1.36] 138 1.24] 1.24) 138 1.24 15.33%| 13.78%| 1.56%
10 137 1.31 131 1.23 1.37| 1.23] 15.22%| 13.67%| 1.56%
11 1.33 1.32] 1.22] 1.28 1.33]  1.220 14.78%| 13.56%| 1.22%
12 1.26| 1.09) 0.59] 0.81 1.26] 0.59] 14.00%| 6.56%| 7.44%
13 1.15 15 1.05 0.83 1.5 0.83] 16.67%| 9.22%| 7.44%
14 1.25] 155 145 093 155 093] 17.22%| 10.33%| 6.89%
15 119 1.07 1 095  1.19 095 13.22%| 10.56%| 2.67%
16 0.8 0.72] 125 1.05/ 125 0.72] 13.89%| 8.00%| 5.89%
17 1.63 1.14 1.07] 132 1.63]" 1.07] 18.11% 11.89%| 6.22%
18 1.37 1.4 113 0.9 1.4 0.9 15.56%| 10.00%| 5.56%
19 1.3 1.25| 1.32 1.1 1.32 11| 14.67%| 12.22%| 2.44%
20 1.24/ 097 147 1.38 1.47)  0.97] 16.33%| 10.78%| 5.56%
Avg. 131 | 125 | 1.17 | 1.10 | 142 | 0.99 | 15.79% | 10.99% | 4.80%
STDV. | 0.20 | 0.25 | 0.24 | 0.24 | 0.16 | 0.19 0.02 0.02 0.03

#4-5 TR (=)

Chip offset 30 ¢ m-Align. 4 direction( mW)(Pop@30mA)

Coupling Effici

NO. 0 90° | 180" | 270° | Max | Min |C.E(max)/C.E(min)Max-min
1 1.91 1.3] 1.16] 1.64 1.91] 1.16] 19.85%| 12.06%| 7.80%
2 1.88 1.25 1.28 1.76 1.88] 1.25] 18.95%| 12.60%| 6.35%
3 1.7 155 1.32] 1.66 1.7 1.32) 16.85%| 13.08%| 3.77%
4 193 142 122 1.76 1.93]  1.22] 19.40%| 12.26%| 7.14%
5 1.83) 1.35 1.32 1.73 1.83]  1.32) 19.30%| 13.92%| 5.38%
6 1.86) 1.42] 1.11] 1.56 1.86 1.11] 18.08%| 10.79%| 7.29%
7 191 1.25 1.05 1.51 1.91]  1.05] 20.36%| 11.19%| 9.17%
8 1.7/ 1.42| 1.53] 1.83 1.83  1.42) 18.32%| 14.21%| 4.10%
9 1.93) 1.75 1.72 1.9 1.93)  1.72) 19.13%| 17.05%| 2.08%
10 2.06 1.7 1.3] 1.66 2.06 1.3] 21.02%| 13.27%| 7.76%
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11 181 1.31] 1.07] 1.35 1.81] 1.07] 18.64%| 11.02%| 7.62%
12 1.73 1.2) 1.44] 2.08 2.08 1.2 20.74%| 11.96%| 8.77%
13 1.89) 207 174 1.76[ 2.07] 1.74 20.33%| 17.09%| 3.24%
14 2.05 161 1.22] 1.68 2.05| 1.22§ 20.20%| 12.02%| 8.18%
15 1.84 1.4 1.56] 2.09] 2.09 1.4 20.59%| 13.79%| 6.80%
16 1.8 1.4 1.6] 2.04 2.04 1.4 20.38%]| 13.99%| 6.39%
17 1.68 1.6 1.38 1.53 1.68] 1.38] 17.80%| 14.62%| 3.18%
18 1.95 1.64 1.63] 191 1.95] 1.63] 19.29%| 16.12%| 3.17%
19 2l 151 1.21] 1.71 2] 121 19.70% 11.92%| 7.78%
20 195 1.53) 1.18 1.57] 195 1.1§] 19.68%| 11.91%| 7.77%
Avg 187 | 148 | 1.35 | 1.74 | 193 | 1.32 | 19.43% | 13.24% | 6.19%
STDV. | 0.11 | 0.21 | 0.21 | 0.20 | 0.12 | 0.20 0.01 0.02 0.02

Chip offset 60  m-Align. 4 direction( mW)(Pop@30mA)

Coupling Efficiency

NO. 0 90° | 180° | 270° | Max | Min [C.E(max)/C.E(min)Max-min
1 2220 1.38 145 1.92 2.22) 138 22.89%| 14.23%| 8.66%
2 233 1.07| 1.23|1.83 2.331 -« 1.07| 23.09%| 10.60%| 12.49%
3 2 1.51] «1/15) -2.38 238 ~1.15 24.59%| 11.88%| 12.71%
4 216  1.31] 1.03]  1.55 2.16]  .1.03] 23.23%| 11.08%| 12.15%
5 2.4 1.33] "1.08]" 1.64 2.4/ 1.08 24.02%| 10.81%| 13.21%
6 2.4 1.46/ 1.07. 1.61 24 1.07] 23.90% 10.66%| 13.25%
7 2.33] 148 1“7 2.33 If 23.56%| 10.11%| 13.45%
8 2.260  1.63] 1.43] 1.89 2.26)  1.43| 22.58%| 14.29%| 8.29%
9 2250 146/ 1.14] 1.66 2.25]  1.14] 23.08%| 11.69%| 11.38%
10 2.43 1.5 1.38 1.88 2431 1.38 24.28%| 13.79%| 10.49%
11 234 148 141 2.01 234 141 23.42%| 14.11%| 9.31%
12 2.2 1.34 1.3 2 2.2 1.3 22.02%| 13.01%| 9.01%
13 2,14 1.32 1.2 1.89 2.14 1.2l 21.38%| 11.99%| 9.39%
14 2.34 1.3] 1.24 2.5 2.5 1.241 24.93%| 12.36%| 12.56%
15 1.9 1.29 1.1]  2.11 2.11 1.1 21.00%| 10.95%| 10.05%
16 221 1.54) 1.34 2 2.21 1.340 21.95%| 13.31%| 8.64%
17 2.2 1.3 1.2 1.8 2.2 1.2l 21.80%| 11.89%| 9.91%
18 2.43 1.4 1.13 2.1 2.43 1.13] 24.04%| 11.18%| 12.86%
19 234 144 132 2.11 234 1320 23.10%| 13.03%| 10.07%
20 2.3 1.33 1.2 1.98 2.3 1.2l 22.66%| 11.82%| 10.84%

Avg 226 | 1.39 | 1.22 | 1.92 | 2.30 1.21 | 23.07% | 12.14% | 10.94%

STDV. 014 | 0.12 | 0.14 | 0.26 | 0.11 0.13 0.01 0.01 0.02
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Chip offset 90 g m-Align. 4 direction( mW)(Pop@30mA) Coupling Effici
NO. 0" | 90° | 180" | 270° | Max Min C.E(max)|C.E(min)Max-min
1 1.86| 0.96] 0.87] 1.42] 1.86 0.87] 19.29%| 9.02%| 10.27%
2 1.8/ 1.1] 0.95 1.52 1.8 0.95| 18.35%| 9.68%| 8.66%
3 1.93] 1.58 1] 1.36] 1.93 I 21.66% 11.22%| 10.44%
4 1.89] 1.22| 1.13] 1.78] 1.89 1.13] 18.79%| 11.23%| 7.55%
5 1.66) 1.37] 1.02] 1.49] 1.66 1.02] 17.58%| 10.81%| 6.78%
6 1.77) 15 097 132 1.77 0971 17.65%| 9.67%| 7.98%
7 2.02] 1.64 1.63] 1.22] 2.02 1.220  20.70%| 12.50%| 8.20%
8 1.88] 1.57) 1.29] 1.71] 1.88 1.29] 18.52%| 12.71%| 5.81%
9 2.18] 1.68 1.18 1.57] 2.18 1.18] 23.77%| 12.87%| 10.91%
10 1.88 1.05| 0.78 1.45| 1.88 0.78] 18.58%| 7.71%| 10.87%
11 1.79 1.26 1] 1.43] 1.79 I 18.01% 10.06%| 7.95%
12 1.7/ 1.05 09 145 1.7 0.9 16.92%| 8.96%| 7.96%
13 1.87) 148 1.1 147 _1.87 1.1 18.78%| 11.04%| 7.73%
14 1.8 1.26| 0.96] 145 1.8 0.96| 18.16%| 9.69%| 8.48%
15 1.82 1.39] 1.08[~ 1.5/ 1.82 1.08] 18.20%| 10.80%| 7.40%
16 2.13] 144) 1.2 1.88 2.13 1.2 21.24%| 11.96%| 9.27%
17 2| 145 1.15] 1.54 2 115 19.69%| 11.32%| 8.37%
18 2.05| 1.53] 1.21} 1.77| 2.05 1.21] 20.38%| 12.03%| 8.35%
19 2l 1.26] 1.05 1.6 2 1.05] 20.47%| 10.75%| 9.72%
20 1.900 1.36] 1.08 1.52/"1.90 1.055789| 19.30%| 10.74%| 8.56%
Avg 1.90 | 1.36 | 1.08 | 1.52 | 1.90 1.06 19.30% | 10.74% | 8.56%
STDV. | 0.13 | 0.21 | 0.18 | 0.16 | 0.13 0.13 0.02 0.01 0.01
#4-8 FHZ%(T)

chip offset 60 . m wi/o filter—

Coupling Efficiency

Align. 4 direction with fil )(Pop@30mA)

NO. 0° | 90° | 180" | 270° | Max Min |C.E(max)/C.E(min)Max-min
1 2.03] 1.43] 1.14] 1.66 2.03 1.14) 20.93%| 11.75%| 9.18%
2 22 135 1.27] 1.87 2.2 1.27] 21.80%| 12.59%| 9.22%
3 1.65 1.6/ 1.37] 2.1 2.1 1.37] 21.69%| 14.15%| 7.54%
4 2.13 1] 096 1.6 2.13 0.96| 22.90%| 10.32%| 12.58%
5 22 1.32] 1.02] 1.51 2.2 1.02]  22.02%| 10.21%| 11.81%
6 23] 1.45] 1.07] 1.48 23 1.07] 22.91%| 10.66%| 12.25%
7 231 1.24] 1.11] 1.65 2.31 L1 23.36% 11.22%| 12.13%
8 215 145 1.29] 1.71 2.15 1.29] 21.48%| 12.89%| 8.59%
9 1.26) 1.45] 1.84 1.98 1.98 1.26] 20.31%| 12.92%| 7.38%
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10 2.12) 1.46] 1.13] 1.5 2.12 113 21.18%| 11.29%| 9.89%

11 2.02 1.18 092 1.33 2.02 092 20.22%| 9.21%| 11.01%

12 1.89) 1.09] 1.2] 1.71 1.89 1.09] 18.92% 10.91%| 8.01%

13 1.97] 1.44] 1.34] 1.66 1.97 1.34 19.68%| 13.39%| 6.29%

14 1.65 1.53] 1.21] 23 2.3 1.21)  22.93%| 12.06%| 10.87%

15 1.71] 1.36] 1.46] 2.1 2.1 1.36[ 20.90%| 13.53%| 7.36%

16 220 132 141 1.6 2.2 1.32) 21.85%| 13.11%| 8.74%

17 2.01) 1.34] 1.23] 1.31 2.01 1.23] 19.92%| 12.19%| 7.73%

18 2,111 1.62) 1.43] 1.71 2.11 1.43] 20.87%| 14.14%| 6.73%

19 2.02 1.07] 1.19] 1.66 2.02 1.07]  19.94%| 10.56%| 9.38%

20 2.15| 1.40[ 1.08 1.43 2.15 1.08) 21.18%| 10.64%| 10.54%

Avg 2.00 136 | 1.23 | 1.69 2.11 1.18 21.25% | 11.89% | 9.36%
STDV. | 0.26 | 0.17 | 0.21 | 0.26 0.12 0.14 0.01 0.01 0.02
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