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outline

 Time-resolved Photoluminescence

 DC Modulated Photoluminescence

 Time-resolved Photoconductivity decay 
Microwave

 DC Modulated Photoconductivity
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τno = majority carrier SRH lifetime
τpo = minority carrier SRH lifetime
Ldepl = depletion layer width
q = electronic charge

τMC = minority carrier lifetime
ni = intrinsic carrier density
Nd = doping level
Labs = absorber width
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Pulsed Laser

Filter wheel

Fast detector

Sample in cryostat

FTIR for 
spectral 
analysis

Time-Resolved PL 
Collection and Focusing Optics



Time-resolved Photoluminescence

Sample Description
• InAs/InAs0.67Sb0.33 T2SL
• 5.2um bandgap @100K
• Unintentionally doped   

(ND=1e15cm-3)

Benefits
• Relatively Low cost
• Straightforward alignment

Cons
• Carrier lifetime has squared 

dependence on PL lifetime
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Telecom Laser

Filter wheel

Fast detector

Sample in cryostat

FTIR for 
spectral 
analysis

DC Modulated PL
Collection and Focusing Optics



DC Modulated PL
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DC Modulated PL
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Inverse Carrier Lifetime vs. 
DC Carrier Density 

• Excess carriers injected using 1625 nm 
pump

• Signal roll off measured from change 
in PL from sample



Time-Resolved Microwave Reflectance (TMR) 
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Microwave 
Oscillator

Detector

Sample

Pulsed 
Pump Laser

Signal Processing

Circulator
Amp

 High sensitivity – Δn down to 1012-1013 cm-3

(sample dependent) 

 Accurate measurement of minority carrier 
lifetimes in low-doped material

 Fast acquisition and high throughput

 Roughly 3 ns time resolution

Time
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Time-Resolved Photoconductivity Decay
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Time-Resolved Carrier Decays

Instantaneous Inverse Lifetime 

Δn: excess carrier 
density
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• Excess carriers injected using an optical 
pump pulse

• Temporal decay probed by change in 
microwave reflection off the sample

Time-resolved microwave 
reflectance (TMR)



DC Modulated Photoconductance
Response
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• Excess carriers injected using 1625nm 
pump

• Signal roll off measured from change 
in microwave reflection off the sample
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Comparison
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Conclusion

 Photoluminescent dependent measurements are a 
valuable means to measure marginally doped T2SL 
structures 

 Photoconductive measurements have proven to be 
highly sensitive, opening a path for carrier lifetime 
measurements of minimally doped T2SL 





0 10 20 30 40 50
1E-6

1E-5

1E-4

1E-3

0.01

0.1

n

T
M

R
 S

ig
n

al
 (

V
)

Time (s)

 2.0x10
17

 cm
-3

 1.1x1017 cm-3

 6.7x1016 cm-3

 3.5x1016 cm-3

 6.2x1015 cm-3

 1.1x1015 cm-3

0.0 5.0E16 1.0E17 1.5E17 2.0E17
0.00

0.01

0.02

0.03

0.04

M
ax

 T
M

R
 S

ig
na

l 
(V

)

Excess Carrier Density (cm-3)

 Data
 Fit

Time-Resolved Photoconductivity Decay
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TMR Decays vs. Injected Density 

Max Signal vs. Injected Density
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Δn: excess carrier density
S: TMR signal
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Instantaneous Inverse Lifetime 
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