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Outline
• Objectives: Visualization of Invisible Si Material Properties

• Surface
• Interface
• Bulk
• Defects
• Charge Distribution
• Stress/Strain
• Band Bending

• Experiment:
• Implanted Wafers

• 11B+ 1keV 1x1015 atoms/cm2 

• RTA System (Hot Wall System)

• Resistively heated single wafer rapid thermal furnace (SRTF)

• Annealing Conditions

• Temperature: 850oC~1050oC

• Time 30s~180s (Residence time in SRTF) 

1s~150s (Equivalent soak time in lamp-based RTP)

• Atmosphere: 1 atm, N2 

• Multiwavelength Room Temp. Photoluminescence (RTPL)

• Results and Discussions
• Prospects
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Detailed Information Needed for Proper Interpretation

Excitation Source
PL: Light (Photon)
EL: Current
CL: Electron
TL: Heat
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PL Mapping Examples (SiO2/Si)

SiO2/Si Interface Quality Monitoring

Wafer A Wafer B Wafer C Wafer D



Multiwavelength Photoluminescence Spectroscopy: The most direct way to measure 
band-gap energies, dopant activation, electrically active defects, plasma induced 
damage (PID), dielectrics/Si interface quality, metal contamination which affect 
minority carrier lifetime and electron mobility characteristics of the semiconductor.

MPL-300: Multiwavelength Photoluminescence
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Process Gases
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Boron Diffusion from Limited Source after RTA

As implanted
1050oC   35s  202.66 ohm/sq.
1050oC   60s  173.41 ohm/sq.
1000oC   35s  344.41 ohm/sq.
1000oC   60s  240.80 ohm/sq.
1000oC 100s 200.19 ohm/sq.
1000oC 140s 186.34 ohm/sq.
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900oC   60s  729.40 ohm/sq.
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900oC 140s 494.61 ohm/sq.
900oC 180s 463.71 ohm/sq.
850oC 100s 986.62 ohm/sq.
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850oC 180s 816.65 ohm/sq.
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650nm/827nm PL Mapping Results

Slot 01: Ref. Slot 08: XRR+XRFSlot 09: XPS Slot 10: WDXRF Slot 06: DOP Liq. Slot 07: DOP Liq.

650nm Excitation

Slot 01: Ref. Slot 08: XRR+XRFSlot 09: XPS Slot 10: WDXRF Slot 06: DOP Liq. Slot 07: DOP Liq.

827nm Excitation

Slot 01: Reference Si
Slot 02: DOP Vapor 7 Days
Slot 03: DOP Vapor 7 Days
Slot 04: DOP Vapor 14 Days
Slot 05: DOP Vapor 14 Days
Slot 06: DOP Liquid 
Slot 07: DOP Liquid
Slot 08: XRR + XRF
Slot 09: XPS
Slot 10: WDXRF 



650nm Excitation PL Area Mapping
Slot 08: XRR+XRF Slot 09: XPS

10mm x 10mm in 100um intervals

Wafer Center Wafer CenterX= -5mm, Y= -5mm from 
Wafer Center

Slot 01: Reference Si
Slot 02: DOP Vapor 7 Days
Slot 03: DOP Vapor 7 Days
Slot 04: DOP Vapor 14 Days
Slot 05: DOP Vapor 14 Days
Slot 06: DOP Liquid 
Slot 07: DOP Liquid
Slot 08: XRR + XRF
Slot 09: XPS
Slot 10: WDXRF 
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Photoluminescence (PL) vs. Surface Photovoltaic (SPV)
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Rs and PL Spectra from Implanted Si after RTA

Brightness: Overall Ariel Intensity

Spectra: Intensity Distribution in Wavelength Domain



Multiwavelength PL Mapping Results 
after Non-contact Corona-based C-V and I-V Measurements

C-V and I-V 
Measurement Signatures

Evidence for          
Destructive Characterization
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Multiwavelength PL Mapping Results 
after UV-Based Film Thickness Measurements

No UV 
Radiation

As Deposited 
SiO2/Si

UV+VIS+NIR
Radiation

UV Line Scan  
VIS+NIR Line Scan

Forming Gas 
Annealed 

UV Line Scan  
VIS+NIR Line Scan

Forming 
Gas 

Anneal  at 
400oC for 

5 min

827nm 
Excited 

Room Temp. 
PL Intensity 

2D Map

827nm 
Excited 

Room Temp. 
PL Intensity 

3D Map

Additional 
UV+VIS+NIR 

Radiation 
Experiment

No UV 
Radiation

60mm dia.300mm dia. 60mm dia. 60mm dia. 60mm dia.



P
L

 I
n

te
n

si
ty

 (
C

o
u

n
ts

)

900
1000 1100

1200
1300

1400

800oC FGA + UV Rad.800oC FGA

400oC FGA + UV Rad.
400oC FGA

UV Rad.

As Deposited
VIS+NIR Rad.

827nm 
Excitation

As 
Dep.

Measurement Sequence

0

10000

20000

30000

40000

50000

60000

70000

80000

1 2 3 4 5 6 7 8 9

P
L

 In
te

n
si

ty
 (

C
o

u
n

ts
)

-23.7%

-8.5%

-6.6%

FGA 
at 

400oC 
5 min

FGA 
at 

800oC 
5 min

UV 
Rad.

UV 
Rad.

UV 
Rad.

PL Intensity Change at Various Stages



Properties of Native Oxide/Si Interface after Electrical Breakdown 


