Land Mark

TEST REPORT

Delivery Date:October 22 2015

2”1310nm FP LD Epiwafer

(#1112261-1F)

Customer : ffEA ANRATI R REESS



Customer : R AARBER AL € Control No. : 1112261-1F

Test data : (2pcs)

1. DCXD
Item|Wafer No. Spec (A) |(“0,12.7"mm)| (“0,0’mm) |(“0,-12.7"mm)|(“-12.7,0"mm)|(“12.7,0"mm)
1 |L2LDA1510153D ~133.14 ~132.61 ~133.04 ~133.32 ~133.16
135(+5%) .
2 |L2LDA1510161E ~135.5 ~135.06 ~135.73 ~135.94 ~135.46
2. PL
Item(Run No. Spec (nm) test (nm)
1 |L2LDA1510153 1283.6
1284+7.5
2 |L2LDA1510161 1285.6
3. ECV
Item|Run No. Layer #1 (N-InP) Layer #9 (P-InP) Layer #12 (P-InGaAs)
(unit:10'"* em™) (unit:10" em™) (unit:10" cm™)
Spec.(+20%) (test Spec. test Spec. test
1 |L2LDA1510153 ~0.88 ~1.62 ~2.3
2 [L2LDA1510161 Y oty S YT
4. Thickness
Item|Run No. Layer #9 (P-InP) (unit:um)
Spec.(+10%) test
1 |L2LDA1510153 - 1.6
2 |[L2LDA1510161 1.59
Comment :

The lattice mismatch and QW periods had determined by QC200 Diffractometer. The BIO-RAD
RPM2000 PL mode is used to measure the wavelength. The concentrations of N-InP, P-InP and P -InGaAs
layers are measured by Electro-Chemical C-V Profile. The P-InP layer thickness are measured by Alpha-step.

All wafers are tested under the same criteria. The attached graphs are the prototype of the testing results.

All test results are in accordance with customer's specifications.

Signature :

\
: < 5'71({ P
Reported By: éﬁl ot 3 Manager: L5l Supervisor: ﬁ
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Fringe Thickness Analysis
L2LDA1510161E_04_InP_0.000_0.000_0.000_%_01aa001.X01
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Substrate: InP ID: L2LDA1510161E_04_InP_0.000_0.000_0.000_%_01aa001.Xx01
Epilayer: - hkl: (0,04)
Average Fringe Spacing: 1382.17 arcsec Number of Fringes: 5

Thickness: 135.06 A



ACCENT RPM2000

Date : October 16, 2015 18:49:32 Operator
Wafer ID : L2LDA1510161C-QW BatchID :
Material  : InP Thickness : 350 um
Filename : C:\Data\2015\L2LDA\1510161\L.2LDA1510161C-QW.spl
Description :
Recipe :
Scan parameters Wavelength settings Laser parameters
X :0.0 mm Range :900.3 to 1530.9 nm Name : 532nm CW 10mW
¥ :0.0mm Slit width : 0.500 mm Wavelength : 532.0 nm
Scan rate : 100 pts/s Grating : 150g/mm-1250 Power :5.3mW
Temperature :22.5C Detector : InGaAs
Gain : x1 (corr.)
Filter : 570nm HP

Calibration : N/A

4.291 T T T | T | I l |
[Volt]
3432 | "
2.574 | .
1.715 | A
0.857 | .
-0.001 | | | | | [ | |
900.0 1020.0 1140.0 1260.0 1380.0 1500.0
Wavelength [nm]

Analysis Parameters Results

Mode : Custom 2 Peak : 1285.6 nm

Min Limit  : 900.0 nm Height : 4.291 Volt

Max Limit  : 1500.0 nm FWHM . 47.8 nm

Threshold :97.0% Area 1126 a.u.

FWHM :50.0 %



Nanometrics RPM

Date : October 16, 2015 01:52:24 Operator
Wafer ID : L2LDA1510153D Batch ID
Material : InP Thickness : 350 %
Filename :\\Qcstore\measure\PL2000-1064\2015\12Ida\1510153\L2LDA1510153D.spm
Description :
Recipe : 1112261-1f.rcf
Calibration : (none)
Scan parameters Wavelength settings Analysis Parameters Laser parameters
Wafer size  :50.8 mm Center : 1283.7 nm Mode : Custom 2 Name : 1064nmNd:YAG
Scan diameter : 50.0 mm Range :1150.4 to 1419.0 nm FFT Filter : No Wavelength : 1064.0 nm
Resolution :1.0mm Resolution : 2.10 nm/pixel (128) Min Limit :1150.0nm  Power :15.7 mW
Scan rate : 30 pts/s Slit width  : 0.500 mm Max Limit :1420.0 nm  Pow Density :200.3 W/cm2
Temperature :23.3C Grating : 150g/mm-125 Threshold : 97.0 %
Smoothed :No Detector : InGaAs-256 FWHM :50.0%
Gain : x1 (corr.)
Filter : 1100HP-new
. Peak Lambda
Statistics
Average : 1281.0 nm
Stddev  : 3.852nm
(0.301 %)
Median : 1282.0 nm
Min : 1265.8 nm
Max : 1285.9 nm
10% cutoff : 1276.3 nm
25% cutoff : 1280.2 nm
75% cutoff : 1283.5 nm
90% cutoff : 1284.2 nm
Exc. zone : 3.0 mm
Thresholds :
Upper Lmt : 1350.0 nm
Lower Lmt : 1100.0 nm
Specifications
Upper Lmt : 1291.5 nm
Lower Lmt : 1276.5 nm
In-Spec  : 85.76 %
Below 14.24 %
0
e s nanometrics
Peak Lambda Histogram Peak Lambda Profile @
415 T T T 0 3 T s T T T 1287.0
[Count] nm
332 12825
249 1278.0
166 1273.6
83 1269.1
0 ‘ 1264.6 ! | l ! | ! l |
1263 1268 1273 1277 1282 1287 0.0 8.8 17.6 26.4 35.2 44.0
Peak Lambda [nm] Distance [mm]
22.0, 270.0 to 22.0, 80.0 [mm, deg] 22.0, 0.0 to 22.0, 180.0 [mm, de
M.ax f:ount SIS M”f‘ B Average :1281.9 nm : - Average :1280.1 nm : .
Binsize : 15nm Median : 1282.0 nm

Avge Dev: 1.1 nm (0.1 %)
Min :1277.3 nm
Max : 1284.7 nm

Avge Dev: 3.9 nm (0.3 %)
Min :1264.6 nm
Max : 1285.7 nm




Nanometrics RPM
Date : October 16, 2015 18:30:59 Operator
Wafer ID : L2LDA1510161E ‘ BatchID :
Material : InP Thickness : 350 #

Filename :\\Qcstore\measure\PL2000-1064\2015\12ida\1510161\L2LDA1510161E.spm
Description :

Recipe : 1112261-1f.rcf

Calibration : (none)

Scan parameters Wavelength settings Analysis Parameters
Wafersize  : 50.8 mm Center :1283.7 nm Mode : Custom 2
Scan diameter: 50.0 mm  Range :1150.4 to 1419.0 nm FFT Filter :No
Resolution 1.0 mm Resolution : 2.10 nm/pixel (128) Min Limit : 1150.0 nm

Scan rate : 30 pts/s Slit width  : 0.500 mm Max Limit : 1420.0 nm
Temperature :22.8C Grating : 150g/mm-125 Threshold :97.0 %
Smoothed :No Detector : InGaAs-256 FWHM :50.0 %
Gain : x1 (corr.)
Filter : 1100HP-new

2l Peak Lambda nm

Statistics
Average : 1285.3 nm 1291.9
Std dev : 1.977 nm

(0.154 %) 1290.3
Median : 1285.1 nm
Min : 1279.0 nm 1288.8
Max : 1291.8 nm
10% cutoff : 1283.1 nm 1287.2
25% cutoff : 1283.9 nm
75% cutoff : 1286.5 nm 1285.7
90% cutoff : 1287.9 nm
Exc.zone : 3.0 mm 1284 .1
Thresholds : 1282.5
Upper Lmt : 1350.0 nm
Lower Lmt : 1100.0 nm 1281.0
Specifications 1279.4
Upper Lmt : 1291.5 nm
Lower Lmt : 1276.5 nm
In-Spec  : 98.35%
Below : 0.00%
Above . 165%

Laser parameters

Name : 1064nmNd:YAG
Wavelength : 1064.0 nm
Power :16.5 mW

Pow Density :210.7 W/cm2

nanometrics
Peak Lambda Histogram Peak Lambda Profile
zm LB T T L T T T T T 1293 1 1 ] T T 1 1 B L il
[Count] nm
232 1290.3 L )
174 12874
116 1284.6 B
58 1281.8L o
0 1278.0 L ! i L 1 ! 1 1 1
1279 1282 1284 1287 1289 1292 0.0 8.8 176 26.4 35.2 440
Peak Lambda [nm] Distance [mm]

Max count : 275 at 1284.5 nm Mean :1285.3nm Average : 1284.7 nm
Binsize : 0.8nm Median : 1285.1 nm Avge Dev: 1.1 nm (0.1 %)
Min :1279.0 nm
Max :1288.1 nm

22.0, 270.0 to 22.0, 90.0 [mm, deg] 22.0, 0.0 to 22.0, 180.0 [mm, deg]

Average : 1285.7 nm
Avge Dev: 2.0 nm (0.2 %)
Min :1281.1 nm
Max :1293.1 nm

Nanometrics RPM Data Acquisition, version 8.82 - Serial No: RPM2000-0610-0043
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Reg End Matl +% Mat2 model EAC A-wet A-ill

1 48 InAs 47 GaAs Parall Off 7.467893852233707174000000000000000000000e+174 0.0076 0.0095
2 414 TnP 0 GaAs Parall Off 7.467893852233707174000000000000000000000¢+174 0.0076 0.0095
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Klﬂencor Alpha-Step IQ

Document name: L2LDA1510161C-1
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(SPECIFICATIONS CONFORMATIO

Lo AE Ak X, R
(Order Type)
2308 i :

B E AE T XA R T
Land Mark Optoelectronic Corporation

M B K&

(LM-WORKP-DC-T1)

N)

0% v []*asastss

3AaMES - ME(N ) (Local Regulations for the Produces

(Function

2" 1310nm FP LD Epiwafer

Specified) © #& (None)

A¥ER: BMEXE SeEBaM: _2015/03/09
(Specified By) (Date of Specification)
6. 4% ] & (Specifications) :

L33 H {8 (value Wm IHEEF | W =
L (No.) | Name) MML_QH_M_M)__
0 Substrates are provided by T A X o 2" wafer

N-InP ‘nu*trm Lay 0.8 0%
» er Layer, ¥ %
1 (C rolt: | axi0y (g’:lln;’l,(ﬂo%) C-VTest |On test wafer
5 | N-InosaAloasAs (Ag=829.2nm) 0.05 um | +10%
(Concentration) (2~0.8x10"%) [ (em™®)| (-) - -
N-GRIN-InAlGaAs (Al=0.38 to
3 | 035 2g=960.4 10 1000nm) |, 0% - e e
(Concentration) ¢
. MQW 13.5 nm | #5% | DCXD&PL | On epi-wafer
(Ap) | (1284) (nm)| (27.5) | measurement | On test wafer
U-GRIN-InAIGaAs (Al=0.35 10|
* | 0.38,Ag=1000 10 960.4nm) | 005 pm | £10% - oo
6 | U-lng Al 829 2nm) 0.05 pm_| *10% — oo
p P-InP 0.1 pum_ | 25% 26 i
(Concentration) 5x10") _|(em™)| (+20%)
" P-1.15um InGaAsP 0.015 um | +5% T e
Co i _(1x10") | (em™)| (+20%)
P-InP Cladding Layer, 1.6 um | =10% i
9 ( 1 (1-2x10") [eem™)| “(=) C-V Test | On test wafer
1 P-1.3um PQ Layer, 0.025 um, | x10% = L
(Concentration) (>3x10"%) |(em?) (1-&
P-1.52 La 0.025 pum | =
- Cm“gnpo y | 3x10") |(em?)| (~) o s
P-InGaAs Layer. 0.2 um | 210%
12 (Concentration) (>mo'°) (em?)| (~) | CVTest |Ontest wafer

Note: 1. Test report % 38 94 & £ PL

4. Thcout—dx
THHA ¢ L~ W 8.EF :
(R&D Manager) (Supervisor)
OERKE/BPr H1n:
(Ol-onchon!hn-ln) (signature) (Customer)
10.4F ¥l a8, : (Control No.)

mapping data
2.Test report SR04 % ) 5 X& X-Ray dara(12.7mm away from center)

3. No guarantee for surface

morphology.
fnofdomntcm‘tbelvoided The doping profile will not be guaranteed.
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