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Transition Edge Sensor 
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• Thin film optical stack 

• Near 100% efficient 

3 inch wafer 

20 mm 



Transition Edge Sensor 
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8.1 cm 



Transition Edge Sensor 

Single photons 
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1550 nm, 1 kHz 

 0.1 – 0.5 fW 



50,000 photons 

Beyond Single Photon Counting 
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1550 nm, 1 kHz 

 6 pW 



Beyond Single Photon Counting 
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~5,000,000 photons 
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1550 nm, 1 kHz 

 600 pW 



Up to 6.25 million detected photons 

in a single shot measurement 

Width measurement 

8 

1550 nm, 1 kHz 

pulsed laser 

programmable attenuators 

TES; QE ~ 94 % 

input state Poisson distribution: 

input N 
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calibrated power meter 

fiber switch 

1550 nm, 1 kHz 

 750 pW 



10
0

10
1

10
2

10
3

10
4

10
-1

10
0

10
1

10
2

10
3

mean photon number

u
n

c
e

rt
a

in
ty

 (
p

h
o

to
n

 n
u
m

b
e

r)

Photon number uncertainty 

;shot noise limitN

; total uncertaintytw

;detection uncertaintyd
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Measured 100 photons  

with 3 photon uncertainty 

and 94 % quantum efficiency 

1550 nm, 1 kHz 

 0.1 pW 



TES modeling – 1 body 
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TES modeling – 2 body 
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weak link 

p 

e 

11 



Less sensitive over 1000 photons 
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After ~1000 input photons, 

width change is small 
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Changing Si/bath temperature 
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Experimental  

artifact 

Material/Design  

parameters 
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Desirable operating region 
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How to increase range? 
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C0 

100 C0 
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Material/design: Increase TES volume to allow for 

smaller temperature changes 



CONCLUSIONS 

 Measurement of more than 6 million 

photons in a single laser pulse with 94 % 

efficiency 

 Shot-noise limited detection for up 

to 1,000 photons (0.1 pW @ 1 kHz) 

 Larger TES will push the shot-noise limit 

further to > 10,000 photons 
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Dynamic solutions at low power 
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Dynamic solutions at high power 
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