éféen Network
Applications

Telecom transceivers for

Wireless Backhaul &
Wireline Convergence
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A=A 7R OE —%

SOLUTIONS

LD(FP,DFB,EML), LED

Light Source

Light Sensor
(O/E)

PD(Pin PD, APD)

Chi Al
P A%
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S o] —
Communication Network A AL

1000Km
Long Haul
400Km
Metro Core
Metro Edge 5“ 80Km
20Km
Enterprise Access Besmentlal Access
Chip
s Agile, Flexible, Adaptable
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SONET/SDH, Ethernet

SOLUTIONS

SONET(Synchronous Optical NETwork)
- 0j2o| WR0{7} WA 0T EFE|ANS) I BESHE 04 BHS YAl BE 77
- SONETO|A] Al 0| 7| & CHQ|= 810byte A 7|2 ZH= TXEA|, 51.840Mbps/sQ] £ E2 MEE|= STS-1

SDH(Synchronous Digital Hierarchy)

- S0 #x 2 SONETS 7|2 o0 7|4 Ot 7|8 HIY2ZE 7hE & ITU =4 25

- SDHQ| 7| 20| &|= C}&% tHel= 7| A& ZE(STM)0|0 XX ChS%t BHA Rl STM-19] S £ =
155.520Mbps

- SONETE} =2hg0| Y= EFO|2t= 2|0|0f|A] SONET/SDHEtLE &5

Ethernet

AN FALfO| HFEEHIO MEWS 8l XX 3RO SHOZ J|Hel A fx ghAlo] 22| S A ZH(LAN: Local
Area Network) 20F2| CHEHMQI 7|&2 M 7|2XHOZ 10Mbps(XY M HIE MH)EM S E H&

Line Rate
OClevel | SONET SDH 'J(';fb'izge
OC 1 STS-1 51 84 Ethernet : 10Mbps
oc3 cTo3 STM-1 155 57 Fast Ethernet : 100Mbps
. - : Gigabit Ethernet : 1Gbps
OC12 ST5-12 STM-4 622.08 10Gigabit Ethernet :10Gbps
0C48 5T5-48 S5TM-16 2,488.32
0C192 5T5-192 STM-64 9,953.28 0C(Onti :
(Optical Carrier)
OC 768 STS-768 STM-256 39,813.12 STS(Synchronous Transport Signal)
2 M | ME M| AS STM(Synchronous Transport Module)

OES Confidential
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Wavelength

Energy (eV] Frequency (Hz)

167 - 1023 -
108 1022 —
19 - 102! -
10° 1020
10° - 1019 —
10% 1018 _
e & 1017 —
F ~ 1616
10t - 1015 -
100 —

~—— Gamma rays ——

.
X-rays ———

Ultraviolet

VISIBLE.

Wavelength (m)

—10"14
~ 30
- 10-12

/lﬂd/_ 1012 =

Optical Communication 103 —

g "

Wavelengths 104 igi;:
13:2 : 109 —

o 108

108 107 —

109 108 —

1010 105 -

15— 0

10712~ sy

1.0-13— o

101 —

ZHORM < XM < RFQIM < ZRA|ZHM (B LI} 2 L 2=t

}* Infrared ‘{
}— Microwaves ——{

= Short radio waves ——

Television and
} FM radio

}—AM radio 4{

»—— Long radio waves ——

=

400 nm

450

500

550

600

650

) < QM < Oto|3 2m} .,

Chip
OES Confidential
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Optical Spectrum Band OE —%

SOLUTIONS
1270
1290
1310
y Full Spectrum — 1330
1.2 7 e 1350
o E S C Em U 1370
- 1390
E 0.9- e sMF 1410
— 1430
%_ 1450
g °° g
o
- oo -=SREREE s SR— B - 1510
8 ZWPF — 1530
e - 1‘:53%&‘3,\,\, ' ot
__J,%%S‘?ﬁ%&“ ﬁ%ﬁ%ﬁﬁ%%ﬂ%@* A 1570
.......................................... o
CWDM 1250 1300 1350 1400 1450 1500 1550 1600 1650 1610
Wavelength (nm)
ZWPF(Zero Water Peak Fiber) :
i R “gn i L T U OHO|2(+=3)2 X1|71*HA1 £4
Band Band Band Band Band Band MfﬂEH@'OﬂH ﬁ%‘ =% -1-2f5|5
* ------------------ * .‘ }‘ ‘bc‘ b 2 HEE AMS
1300 1400 1500 1600 A
[hm]
Band WL(nm)

(0) Original 1260 ~ 1360

E Extended 1360 ~ 1460

S Short 1460 ~ 1530

C Conventional 1530 ~ 1565

L Long 1565 ~ 1625

V) Ultra-long 1625 ~ 1675
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Optical Loss

OE —%

SOLUTIONS

4

10
g [ I
e S . | dth Window
= . A= Wyindow 2nd Wlndﬂw o Wm;:h:uw _
;‘-E i U /D \ h ' Optical Loss
4 | * | = I 1
3 —_ ] =
: — R i'!=- BASIF BYQE HHS BN M2 5
1 = 59| Y= Lz ™EHO| oKX=
0 SIALS Ors T A|ICIO| = EA
F0d 8500 800 1000 100 1200 1300 1400 15000 1BOO 1700 ol_:l OI-E = OI'D:I -'H:él I—l-Tl — %OI- 7-| El 0"
IHEF {nm) (2 &4 dB/km= ALE
1550nmAi| A &0 =X gf
1.2
- Conventional Fiber
é 09+
- Windows
=
S 0.6+
E gdr0M EE THEHENM &40
$ 5 Lo 20| BSE7| 50| LRglE
Dry Fiber ———— T PN e
u | ] L] ] || ! ]
1250 1300 1350 1400 1450 1500 1550 1600
Wavelength (nm)
Chip
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Optical Loss ) S —4

SOLUTIONS

Optical Network
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Dispersion L —

SOLUTIONS

Dispersion(ps/nm-km)

20 L
Dispersion
10 +
Dispersion
0
02 =2 &2 0t 2[E8 5 08 K2=0
olglf CjX|E B M=ot MEOHH S HdstH
-10 F : . 1 +— + I L& TR S TS
1250 1300 1350 1400 1450 1500 1550 1600 A-I -Lé-lﬁ J"'l-%:l!li)l_‘_'u'-lxlE ol_:|é>|' é: 'LL|-%:>|O| |7|_|-&|l
Wavelength (nm) o= télo'lxlt °|_:Ié>|-

1310nmO| Ao 24H0| Z[ X 4}

20 . . . .
SMF Dispersion NZDSF(Non-Zero Dispersion Shifted Fiber)
10
T8 OFYOY(1550nm £2)0f| A LIEfLE= H|
0 | Bt M @2 Ofsh7| fIsHA off Y THECH O A
2AZH0| G(FRA ) BOF ofZt 2 FHR
-10 _»*" NZDSF Dispersion
| A | | |

1100 1200 1300 1400 1500 1600 1700

Wavelength(nm)
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Dispersion OE —%

SOLUTIONS

Optical Network
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Loss2t Dispersion SA| 24l OF —%

SOLUTIONS

Optical Network
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Optical Network ] —

SOLUTIONS

AON : Active Optical Network

HHB IO WA 5SS X7} ASE

AON 2 JHE T

C0Z Ethernet

o1 Kb =M
Switch Ztdl i

29K

PON : Passive Optical Network

H-o| HYBZ0| BUAT HSAXDOR 7Y

PON 2 Y x / ONU
@, — on |
OT " %2 : 20km
RN ]
RN : Remote Node ONU
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PON System ) S —4

SOLUTIONS
: JHUARE .
ONU s I
Optical splitter  Optical fiber I
ONU e oLT
oMU COLT : Optical Line Terminal
PON A| A&l ONLE Optical Metwaork Unit
PON
I
I I
WDM-PON TDM-PON
I
I I
G-PON E-PON
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TDM vs WDM

OE —%

SOLUTIONS

TDM PON

L=

WDM PON

CO : Central Office
AWG : Arrayed Waveguide Grating

S JbRt EE AHA HE2 TS

s CHE3ot0f =0 ONUZt o
HE 2 SRR A2 T3t GIO[E 9 Sl = S2UO9 Hrer
O U N ST Lol 24R0 o2 el @ YAS 8510 FHH o2 ATt
o s~ A
Ag PHsHE 7|
- COOIM lLtol o2 ofaf 7HURIE +8F £ U _
O|E MY B H&E EFE U 7S, HE 292 XD -hg =RES0| SAR0l WSOl 7hs
012 -HE8M +=Eo Y= M
a e it .
- A|ZE &0l o8 tsdt (HYES A2 et 4 Qe - UEHZ0| Hoto] GloH, MH|&~ FHS 2E5
- SUATSFONN ZE JFAROIH LIt gAEoE Hotgol o - 20l WOl
N od [ H o LI - O = ~ 7o|x AD'.E_ _TI_|._/,§AA|7 JTLIQ_
%I- COO'" I'I:l I"I‘l_El ocoTL I =
Chi )'\/7
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CWDM vs DWDM

OE —%

SOLUTIONS

Chip

20 nm
Coarse WDM

[

iR, 40
dadie

']

B [t s

s

1470 1490 1510 1530 1580 1"53:;_0 1550 1610

Dense WDM

L)

1540 1565 i

CWDM(Coarse WDM)

Ot ZHA80| 5= 20 nm(10 nm ~ 0] d), 20|
[=;

L=
2H
AR TEto| 47t Muer) HE) 7420| M W, 518 QA7 o +3 nm HE
) O-IIA-”AEII-O XEH*"OE '<‘5L ':f7-|E| xljg (SIS (50km O| |_)
. SA 25Gbps MEEE E*%IE 1870 ® 2 B

DWDM(Dense WDM)

. OFECH : 1550nm (C HHE
CIHE 40| £ 0.1~=nm
. 64~1607}f O| &S| =2st A2 7tA

- 10Gbps HEEE B2 %[0 160 IH E T
. X|20f|= S Band AR 22 40Gbps M S —.E CHRo] ME ¢
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SOLUTIONS

Chip
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-VE 3tehE B OF o

SOLUTIONS

Periodic Table(}AF7|= H)

| Grouwp || 1 |l 2 | [ 8 || 4 || 5 |6 | 7 |[ 8 |9 | 101112 18| 14 15 | 16 | 17 || 18 |

2

! He
, 5 6 7 g 9 10
B C N 0 Fo Ne

. 13 W14 Y 15 | 16 | 17 | 18
AN Si P S cl | Ar

. o1 |[ 22 [ 23 [ 24 |[ 25 |[ 26 |[ 27 |[ 28 | 20 || a0 ‘ 31 | 2 [ 33| 34 | 35 | 36
Sc || i v | cr | Mn || Fe | Co | M | cu | zn QGa ) Ge QL as | se | Br | Kkr

. 30 [ 40 [ 41 || 42 | 43 | 44 || 45 | 46 | 47 || 48 ‘ 49 | so | 51 |[ 52 [ 53 | o4
Y Zr Mb M0 TC R Rh Pd Ag Cd In 5N Sh Te I Ke

. --bk 71 72 7r T e s [ ve [ 77 [ 7vs 79 [ en | =1 sz | e3 || =4 | s5 | @6
Lu Hf Ta iy Re 0s Ir Pt Al Hg Tl Fb Bi o At Rn

; --ﬂ”+< 103 || 104 || 105 |[ 106 |[ 107 |[ 108 |[ 109 |[ 110 |[ 121 [ 112 | 113 | 114 [ 118 | 116 [ 117 |[ 18
Lr Rf | Db || Sg | Bh || Hs Mt || Ds || Rg || Uub | Uut || Uug | Uup || Dok (| Lus || Uuo

Ex) InP GaAs, GaN, InGaAs, InGaN, InGaAsP. AlGalnAs, etc

Chip )'L
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LASER ) —4c

SOLUTIONS

Light Amplification by

_S timulated Emission of Radiation
(=0 ot &5=)

LASERS| &= LASER Application

- Semiconductor Laser : LD - Optical fiber communications
- Solid State Laser : YAG(1.064um), Ruby - Laser disk : CD, DVD
- Gas Laser : He-Ne(632.8nm), Co2(10.6um), - Electro-optic equipment
Ar(488, 514nm), Excimer(UV) . Laser printer, Bar code reader
- Liquid Laser(0.57~0.65um) - Laser display

- Medical applications
- Energy development

- Light-wave sensing

Chi Al
P ’
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LED vs LD ) —4c

SOLUTIONS

559 AtOlS

oot iecional Elacrondt Hotesl - I NN N
Current injectionA| Electron2t Hole2|

Recombination®f 2|sl| 10| &t= EECE s REYE
agtas = ==
g24+Y et Bt

== SE T = nz FHAHD
ezoz che £ ozt
LEDol 2_9_ AHEH E ~40nm 1~2nm
- IRED(Infrared Emitting Diode)
TV 2|27, &stA K|, IR LAN, &4 C|X|E Ho|H 848 252 &&

- VLED(Visible Light Emitting Diode)
FH=2| Back light, TAHM 2| #A|Lt Hl=s S HEEHS2 &

- Short wavelength LD
Laser pointer, Optical mouse, Laser printer, ODD pick-up

- Long wavelength LD
Optical communication
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RHOlEEE vs QRS OF —%

SOLUTIONS

XA= frH=E

(Spontaneous Emission) (Stimulated Emission)

HA7E &2 OH A SEOIA HlWA 22 HzA =1
Valence band0| & Electron0| Conduction band Q=0 PhotonOI EXSHs ZH20l|= PhotonOl| 2|3l
2 22t 7t CHA| Valence bandZ2 EO{X|HA| Of L A=2 uiop Yalo] photondh £ ABH THAF O AF Hst
x| Xtolof sigst= Ble &= S 7to HIS HbE

E, | E,

Spontaneous Stlrpu!ated
emission + Feedback emission
. E=ha=E-E E=hw=E,-E,
Pumping v >
= 5 St I, 94 Y

OES Confidential
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I-L & Spectral Width OE —%

SOLUTIONS

I-L Graph

Spectral Width

Laser(1~2nm)

Power
(MW)
LED(30~50nm)
10 20 30 40 50 60 70
Current(mA) Wavelength(nm)
Chip e
OES Confidential b Agile, Flexible, Adaptable AT



Laser Diodel| £ & OE —¥

mbAro|| [of2t Emitting 2410 [C}2t

Long Short Edge Surface

SOLUTIONS

Lasing ModeOf| [Ct2f
FP DFB

Modulation0j [Ct2} LD T+Z0] 2t
BH RWG

Chip
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WavelengthOf| L2}

OE —%

SOLUTIONS

Chip

2 c

Wavelength
(nm)

410
445
532
635
657
760
785
980
1310
1550
1654
1877
2680

GaN
InGaN
AlGaAs
AlGalnP
AlGalnP
AlGalnP
AlGaAs
InGaAs
InGaAsP
InGaAsP
InGaAsP
GaSbAs
GaSbAs

Blue Ray Disc

High Bright Projcector
Green Laser Pointer

Red Laser Pointer

DVD Disc

02 Gas Sensing

CD Disc

Yb:YAG DPSS Laser

Fiber Optic Communication
Fiber Optic Communication
CH4 Gas Sensing

H20 Gas Sensing

CO2 Gas Sensing

4

OES Confidential
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CD vs DVD and BD

OE —%

SOLUTIONS

Obiec’rive Lens Collimator

Quarter
Wave Plate

\

Polarizing
Beam Splitter

Lens

Cylindrical

Lens

“I
* Photodiode
|

Semiconductor
Laser

Grating
Plate

MICH 1MITH(CD)

2X TH (DVD)

Relative Sizes of Laser Spots

=

/ '/

~ CD pit/mark

. CD

S
o

e

~| 780 nm
AlGaAs
“ Laser

AlGaAs AlGalnP

,Existing DVD Next-generation
// pit/mark DVD pit/mark

£y I
_DVD /HD-DVD
i < 410 nm
\_J 650 mm GaN or SHG

AlGalnP Laser

Laser
- GaN

34|CH (BD)

g 0.7GB 4.7GB 25GB/50GB
Laser I}z 780nm(IR) 650nm(Red) 405nm(B-V)
Application CD-Audio, PC DVD-Video,PC HD-DVD, PC

Logo

==

dise

OES Confidential

6Hl

—

Elen-rivey IPise

3>
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Emitting

ahAloff [rf2}

OE —%

SOLUTIONS

Edge Emitting

Contact layers

Light output
{&Hipﬁc‘all

'l
I
i
I
'
I
Y

- Cleaved Facets

- Asymmetric Far Field

- High Output Power

- High Current Operation
- Simple Epi Structure

Vertical Emitting

..._,.-i-l-h-.-

- SO J {-::lrc:u‘rar]
\ r
Grown mirror stacks
Gain layer
Contact layers

- Cleaved Facets

- LED like Manufacturing
- Low Output Power

- Low Current Operation
- Complex Epi Structure

OES Confidential
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Lasing Mode0j [Cref o —

SOLUTIONS

FP(Fabry Perot) DFB(Distributed FeedBack)

ra
=2
rok

=
|0

of & 4ol H=0| AL H= AtO[<9] AR FEHO| HE ALO[O| M GratingO| Z 0] &
AHE|7F gt ool HHi 7t &= EE”* ot ge=z %"eaol 7|50l Hats F0 ME
of =& e ool 8l B 70 o5 =&
4 45 .
= | e 4
el " ki
&l |. B |annsinssanansnnirmaansnsbbiontssnhsinssnssbsssssn AR
& | &5 |- :
I g
o ?.?5
E-&l gﬂl
-] &5
ol o
) o

ME 52 zg
el e £
SHEHEE =& b=
7t4 X7t b/t
o= ESES) NE =
Mode Multi Single

Chip
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Fabry Perot (FP) O s

SOLUTIONS

Charles Fabry (1867-1945) Alfred Perot (1863-1925)

French Physicists
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Modulation A0 L2} o —2

SOLUTIONS

DML(Directly Modulated Laser) EML(Electroabsorption Modulator,
Laser & %7 Modulation & ModulatorZ 0|23}l Modulation &
LD

A\

Modulator 4

Modulator ’

Chip e
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LD 20| 2} OE —%

SOLUTIONS

BH RWG SAG
(Buried Heterostructure) (Ridge WaveGuide)  (Selective Area Growth)

D

/ \ %

15.0kV 12 .9mm x10.0k 1/9/2007

Wa

e

Chi
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OE —%

SOLUTIONS

Chip
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Chip Cross Section OE —%

SOLUTIONS

= =
B A ]
TR

S NV

s X s e |

!

=

2 15.0kV 12.4mm x2.00k &/29 i

P Electrode

N Electrode

Lasing

Chi — e
P /N
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Chip Process ) S —4

SOLUTIONS

Thin Film === Bar Chip

Chip )'é
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Epi Process ) S —4

SOLUTIONS

————y

| MOCVD 2 ‘g

- .‘ ﬁ-ﬂr'li‘l —

P — —Ta

TMGa

\» Ga(CHj3); + AsH; --> GaAs + 3 CH,

H TMn ——\ __— 3 In(CH3); + PH;, > NP+ 3 CH,

5 carrier — o TMGa + TMIn + AsH, + PH, --> InGaAsP + CH
PH3 —_//_> — N o 4

AsH3

Horizontal Type Iy
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Epi Measurement L —

SOLUTIONS

0.500
[Vl

0,520
0.440
0.260

0.080

-0.100

PL Intensity

/

1267

| | || . |
114000 11800 12200 12600 13000 13400
W avelength [nm)

Doping

|
13800 14200

20
o..o""'u'o.o°.o°'0000 .
L]

=18
é ->
=
2
B
=
D
5]
5 Ceptetg,
gx . Po%000ns
E 18 Seppet®”

160 02 04 06 03 10

Eiched mm Depleted Depth (um) nm  pe

PL Uniformity

© Spectral Map - [V0812-13umDFB-oldversion611-603.spm]

In-Spec:100.0% Below. 0.0 % Above: 00% | inSpec1000% Below: 00% Above: 00%

In-Spec: 1000 % Below: 0.0% Above: 00% | InSpec1000% Below: 0.0% Above: 00%

X-ray

1000000

100000

10000

1000

100

10

30.866 31.366 31.866 32.366 32.866

Chip
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Photo Process OE —X¢

SOLUTIONS

Dehydration Bake
M SHOIM M2l =25 HAHSH| 2I5H Bake SHCL§

Mask Aligner §

P/R Coating
Spin &H410f| 2|8 P/RE T LSHA| EETHC
RPM(Revolutions Per Minute)

Soft Bake

P/RLHOI EXHSt= 2F 80~90%2| SolventE Ol X[0f 2|5t FLA|7A
ngo| YEYENZ THELY.

Alignment & Exposure
YSHE Pattern2| MaskE AFE3H0] Wafer?t MaskS Alignst Hsj| Tl
A ZH& 2t Exposure BHCE

Development
222 2% (Developen)S ALESH0] B X7} bl = BX|Zke| o
= Xtolof ofst otatHtE 2 O| 8610 XM O 2 Pattern Y &t= X{ 2B
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Photo Mask OE —

SOLUTIONS

Mesa Trench Pad

Posi P/R Nega P/R Posi P/R Nega P/R Nega P/R
Chip
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Photo Mask OE —¢

SOLUTIONS

L I I Cr

Cavity Length

300um

Quartz

Wafer
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Thin Film Process-Etch OE —%

SOLUTIONS

I R | [ T i
£ 5.0k 1719 = 100K 712005 400U Z4 15.0kV 11.3mm x10.0k 5/31/2005

Dry Etch Wet Etch

AI203 15.0kV 12.1mm x1.50k 5/9/2005

Trench Etch Backside Etch
Chip 7
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Thin Film Process-SiO, ) —4c

SOLUTIONS

PECVD (Plasma Enhanced Chemical Vapor Deposition)

- Mesa SIO,
- Extra SiO,
- P-Ohmic SiO,

2 15.0kV 12.1mm x10.0k 7/11/2005 ! 2 15.0kV 11.9mm x10.0k 7/11/2005 2 15.0kV 12.6mm x15.0k §/23/2005

Chip
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Thin Film Process-Metal OF — ¢

E-Beam Evaporation Thermal Evaporation

i ! (2) 1 Substrate I-—
| |
W S /
View porf \ \ l /
. ¥ X 3 /
Coating on wall —»! \ \ | /
\ \ | / Eva d
, porated atom
—Shurter—- \ \ | /’ from source
[|I = \\\ ] / < Degassing from the
E i N / e heated connections
I i e Source
i — v
| m—

270 degree bent
electron beam

magnetic
field

5 5 evaporalion cones
pyrolytic graphite of material

hearth liner /
4-pocket rotary A £ ; l
copper hearth b g
(0 V) 1 2 v =T |
s } * beam forming

cathode aperture
4 : filament
recirculating (-10,000 V)
cooling water !

- P Metal
- Pad Metal
- N Metal

Chi
P Agile, Flexible, Adaptable N
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BarChip Process ) —4c

SOLUTIONS

v vl

=~y
||,I,I'l_|l;
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Chip Test

Chi Al
P VA%
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SOLUTIONS

il

DFB/EP LD Fabrication

Chip )'6
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Laser Diode Target

OE —%

SOLUTIONS

I-L

- High(Low) Temperature
Low Ith, Low Ith Rate, High SE, High SE Rate

- High Speed (@High Temp.)

- High Yield

P(mW)

Intensity(dB)

OES Confidential

S21

L]
Yo, .
ay ®
L .
lllllll

Frequency(GHz)
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High Temperature ) S —4

SOLUTIONS

T, : Characteristic temperature n; - Internal quantum efficiency
a,,, . Internal loss

nt

29 dP

T — out

| (T) =1, exp(—r) s =y Td
T, i

n, =n1+ aimlL
BCH)
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Bandwidth Measurement

OE —%

SOLUTIONS

Chip

Run06-2(TOSA 21)-200 Cap

9
5]
3
0
-3
-6
-9
- 1 2 L.
- 1 5 -
- 1 E -
21 :
H"q.
- 24 y
3 4 2 7] 7 8 9 10 11 12 13 14
Ne
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High Speed R —4

SOLUTIONS

—_ fl’4 o 1 o
AT +1Cy2)2r) D1+(2@2

- Resonance frequency(fr) 37}
1 \/Sovg(dG/dN)

() CL155f: f =

r

p

- Damping rate(y) &2

2271 K:(Zﬂ)z{ e 1 }
K

v, |dg/dN a, +a

g

fam (K) =

- Parasitic capacitance &2~

1
f38(C) = (27RC)
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High Yield L —

SOLUTIONS

Chip

40

35 - Kink Fail (Mode Change) & X
o - SMSR Fail & Xl

1‘: -Ith, SE 4 S Xl

3

= Right peak & &l &£ = Left/Right & Xl

= kL, Tapered Stripe, Partial Grating,
Sampled Grating, Top Grating, A/4 Shift Grating

\l/
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Oth Epi & Grating

OE —%

SOLUTIONS

Substrate

Minor

Major Flat

Oth Epi

InP Cap
100A

1.4Q Grating
150~450A

InP Substrate
500um

=

Grating

> e

2000~2400A

2 15.0kV 11.7mm x50.0k 6/8/2005

2 15.0kV 11.7mm x50.0k 6/8/2005

Chip
OES Confidential
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Base Epi ) —4c

SOLUTIONS

MOCVD 2

- Base Epi= Lasing= {I%t 7 M (Clad/SCH/MQW/SCH/Clad)

|
InGaAs

1.2Q

1.5Q

1.4Q

10.0kV 12.5mm x50.0k SE(M)

InP

Chip >
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Mesa Etch

OE —%

SOLUTIONS

- Mesat+ Lasinge £ = (Active)

Chip

2 15.0kV 11.9mm x10.0k 7M11/2005

SiO2 Pattern

=)

> “'EActive
> (1.2~1.4um)

£ 15.060 11,9 10,0k 772008 I Z415.0kV 11.3mm x10.0k 5/31/2005
Dry Etch Wet Etch
e
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Regrowth

OE —%

SOLUTIONS

Chip

ond Regrowh

15.0kV 12.9mm x10.0k 1/9/2007

3rd Regrowh

OES Confidential

(#)

Agile Flexible, Adaptable /N



Trench

OE —%

SOLUTIONS

= Wet Station

(Acid)

e

AI2038 15.0kV 12.1mm x1.50k 5/9/2005

15.0kV 12.8mm x1.50k 1/9/2007

Chip

-Trench= P/N Junction@]

HHS =0[7]| R Active

Trench

2 15.0kV 12.4mm x2.00k 6/29/2005
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Extra SIO2 & P-Metal OE —%

SOLUTIONS

- Extras= Pad EE&0] SiO2

Extra SiO2
P-Metal

Extra SiO2 E-Beam Evaporator L)

2 15.0kV 12.4mm x2.00k 6/28/2005

P Metal

Chip
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Pad Metal & Au Plating OE —%

SOLUTIONS

E-Beam Evaporator _ Plating% Bonding% 2|=ls

i —

- Alloy= Metalit BF=HAROIOf Z[N X&=

P TR AT RSN T T BT A,

Pad-Metal

t Au Plating Machine

Pad Metal

15.0kV 12.8mm x1.50k 1/9/2007

Au Plating
Chip

e
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Lapping & N Metal ] S—

SOLUTIONS

- Lapping2 E5-41t Cleavings I3l WaferE §
- Polishing2 Lapping2 2 ?lot &#

—

- N Metal2 Laser Diode?| N ¥=22 ¥
- Alloy= Metald} BF= M| AFO[Of =X X

Lapping & (x100) Lapping = (x100)

Lapping Machine E-Beam Evaporator

Chip e
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Bar Scribing & Breaking OE —%

SOLUTIONS

- Bar cleaving AR/HR Coating= o}7| %[3l| WaferE Bar HEIZ AI2= 5

LBl B |
e
sl B RS RS R

W/F Fab Out

Chip
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Bar Test

- Bar test= Coating

XS o
T —

| Bar &FEHOI| A Chip

Probe

Chip

40 300

iz 20

08

=]
= | & : z %;-TU
16 120 B % 75
2 a0
SRR L S (e 4 o
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P00 1200 e 95150 1575 1600
‘wlavelengthlnm]
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S0 ([nA] #9E8 - iBSeMex (WA 0.9% - 3 Bindd  [m] (0.8 = | LOT |FE5PBD-10-0
4,Popl ] ® - iGPoMac W] 2588 - 4 Lp [oBw]  -40.87 - | Bar D [i51coATED]
5.Pop2 [mit] 10 = 17.Psnl [mll] 7.39% = B nsm [rm] 1570.2 |-
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7 Vap2 v L 19 ¥spl [4] 116 - TOMOFS [l 182 -
& .¥th W W - Az (V120 - T [ Temperaire | 25 |
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10,58l WA nEr - 2 Rp2  [a] 7581 -
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| 2. Tewp, [c] |26

Bar Tester

OES Confidential

(#)

Agile, Flexible, Adaptable



Threshold Condition OE —X¢

SOLUTIONS

Pump
Current Spon’gan_eous
Emission
Leakage ‘*'
Current renan b inibe inneiafithe e wrentn e Laser
- "» Output
Laser Threshold Internal

Optical Loss

Non-radiative
Recombination

Chi
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I-L & |-V Graph

OE —%

SOLUTIONS

P(mW)

OES Confidential

|-L

- Ith(Threshold Current) . .
- SE(Slope Efficiency)
- Po(Output Power)

- Kink

zzzzz

-
—/

I(mA)

| : / :
| ,w-—-—\.-{'-.vq-‘-'.\.--.}:-,g:,,.,h :
£ H . H
T | P :

o '"T'v'-li‘:i'.'l}‘;-VJ‘;.%\:’;H}?H}-L&LE—,{ i S L

SE(W/A)

-V

I(mA)
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Spectrum OE —%X

SOLUTIONS

- Wavelength
- SMSR(Side Mode Suppression Ratio)
- Stop Band
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0.0
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Detuning ) —4c

SOLUTIONS

H

L

Spectral density(dBm/nm)

20 2T 720
3310311'1'3 H | sample H sample H
g -40°C g of 2°C T o] 100°C
-204 E 220 E 220
g g 1
404 § 40 S
2 40 3 0
-60 ﬁ“ -60 % 60
i R e e i B T e S 80 ——————
1200 1250 1300 1350 1400 1200 1250 1300 1350 1400 1200 1250 1300 1350 1400
Wavelength (nm) Wavelength (nm) Wavelength (nm)
DFB
M= A2 e
(Positive Detuning) (0 Detuning) (Negative Detuning)
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Bar Setting ) S —4

SOLUTIONS

X|X| Bar

Bar

Chip
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- AR Coating
- HR Coating

t} |ty §,ty Cladding layer | T thts t}

Active layer

Cladding layer

Nn N3Ny Ns nNiNN; Ny
HR Coating
0
AR Coating
Chip e
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Coating Simulation OE —¥%

SOLUTIONS

C| X+@l UtAFZ Simulation

n . I c send l“ " l (T)AR_LS 1577nm(I): Reflectance
Incadent Angle (deg) ;ﬁﬁ Reflectance (%)
Relterence Wavelength jren) | 510.00
Optical Physcal
Layer Moteial | Pekactve | Edchon | rhckness | Thokness | Lock
(FwWOT) [ren)
Medum Ax | 100000  0.00000 | |
] UMgRz | 1.36542] 000000| 024160637] = 8834] No
220 A 204087 000958 180071811 45000 dn
[= 320 | 203718 000000 079889372 20000, dn
= 4 Ca5(1) | 268800 068400 063247059 12000 d.n
| = 5/CZTS | 319833 1.02398 940862094 150000, d.n
L 6 Mo | __351667| 376406 689542521| 100000 dn
| Substiate Glass | 152083  0.00000 |
— - +— —+ q} ‘, +
| | | Im”“ﬁ 33a 4| 00450 1990 1500 1510 1520 1530 1540 1550 1560 1570 1580 1390 1600 1610 1620 1630 1640 1650 1660 1670 1680

Wavelength (nm)
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Chip Scribing & Breaking L —

SOLUTIONS

FC I A 0 A A A
= A0 A A A
FC ) A B A

Chip Cleaving

Chip
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Chip Test

OE —%

SOLUTIONS

Chip Tester ==
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TO Process

OE —%

SOLUTIONS

Chip

STEM

Die/Wire Bonding

4
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Module Process o] —7

SOLUTIONS

Chip A N
(Epi/Fab) —) . — Package

(TRx)

TRx(ONU Bidi SFF)

ONU BOSA
LD Chip

Chip
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