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Q: Can we mimic (and improve) retinas?

Retinal molecule




Device Operation
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Aligned nanotube devices

Carbonics ZEBRA
wafer

— 99.9% semiconducting
CNT

— 40-60 CNTs/micron
— Diameter: 1.3 -1.7 nm

— CNT length: 400
nm(mean)

Transistors
— Width: 5 - 80 pm
— Length: 70 nm — 8 pm

— Device area: channel
length x channel width

Sensitizer
— 40 nm Cg,

12.0 nm
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Photoresponse

Responsivity

Photoresponse, 530 nm
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» Responsivity > 107 A/W

> Gain > 108
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> Sensitive to UV and visible
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Detection mechanism

Charge Configuration Simulations
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Time response
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Pulsed Vg
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Pulse Response
100

Light

50 | i

1Y S : |

<
£ ot | 1
3 _ i [ “Il A m x
< [H ”1 | ’ i
-100 |- |
-150 |- i i -
0 | 160 il 260 ) 360

Time (ms)
Pulse contained 5e4 photons, corresponding to 50-80 photons per CNT




0.01 —

0.001

1E-6 |

1E-7

1/f Fit

Device Noise

)
I

N‘]"‘ 'w“”l' 1

Noise « 1/f“
a=1.1

s 0.01 g
: 1E3 R
1E4 |
1E5 |
Bk
1E7 |
1E-8 |

Noise (Vrms”*2/Hz)

ﬁl “J 1E-9 ;'

1E-10 |
1E-11 |

1E-12 |

Low frequency

' 0.1 - 1
Frequency (Hz)

1E-13 L

F—— High frequency

10 0.1

10000 100000

1000

100
Frequency (Hz)

1 10

NEP = 3.3 - 10715 W/\VHz

D*=1.5-10" Jones




Current (uA)

Intensity Dependence
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Photodetection Process

1_

e
@) 7T

From continuum rate equations, and assuming I is fast,

Population of C state:

n(t)= qu;q) {1 —exp [—(Y+a®)t]}

Bandwidth:

l:Y+05CI)
.

Steady-state population:
oD

Y +ad

nc(t—>00)=

D

® = Light intensity

a = Photoabsorption efficiency

'Y = Rate constants
C = Trap state at CNT interface
x = Detection efficiency

Change in device current:

I(t) = xn.(¢)
Steady-state responsivity:

I(t > o) ( a
o ‘Y +ao

) N Y/aX+ ()

S. M. Young, M. Sarovar, F. Léonard, Phys. Rev. A 2018, 97, 033336




Time Constant Fit
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Responsivity Fits

365 nm Excitation
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Multiband Response
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 Record
responsivity

 Sensitive to
visible, UV, IR

« 50 photons/tube
detected

K. Bergemann, F. Léonard, Small 2018, 14(42), 1802806.
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Questions?
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Device Testing

 Transistors tested
under vacuum

— Cryostat used as
vacuum chamber

— Room temperature

* llluminated through
CaF, window

— 365, 530, 950 nm
LEDs

— Xenon lamp +
monochromator

« Back gate, front
source and drain

200.0 nm




Simulation Details

* Non-equilibrium Green‘s function (NEGF) approach

— Self-consistent calculations of conductance as function of
gate voltage in presence of negative charges

« Random charge configurations
— 1 nm bins
— One charge allowed per bin
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Device Architecture Comparison
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High-Responsivity Time Constant
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