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Problem: the low absolute value of the absorption of graphene 

(2.3% of the incident light) limits the photocurrent efficiency

Motivation

Graphene based photodectors: 

Absorbs from UV to THz

High carrier mobility
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Enhanced photodetection

Microcavity realized 

through Bragg mirrors 

(optimized for narrow wavelength 

- angular window)

Not ideal for 

broadband 

absorption
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Hybrid devices
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Scattering problem

Building a destructive interference 

pattern in the far-field will cause the 

light to be trapped in the structure.

The material losses will eventually 

dissipate the energy.

Perfect energy transfer 

between incoming 

channels (optical modes) 

and the structure.

Weakly absorbing material

(ωinc, k inc)



Coherent Perfect Absorption

W. Wan, Y. Chong, L.Ge, H. Noh, A. Douglas Stone and H. Cao, Science, 2011, 331, 889.

2 channels CPA

Weakly absorbing

material 



From 2 to 1 channel
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1 channel CPA (single port reflector)

Perfect mirror

Absorbing cavity

Mirror                    Total internal 

reflection

Absorbing 

cavity 
Graphene 

(multi)layer
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CVD deposition of graphene on copper foils. 

PMMA transfer onto silica substrates (turbostratic deposition)

Graphene characterization

10 layers

5 layers

1 layer

10 layers

5 layers

1 layer



Sample

dsilica = 590 – 1300 nm

Magnetron-sputtering 

in steps (low temperature on 

graphene)

1,2, cc θθ <



When θ*<θ<θc,1 the incident wave is transmitted through 

the prism-silica layer interface and undergoes total internal reflection 

at the silica-substrate interface.

Absorptance measurements

T=0

Absorptance (5 layers)



Broadband absorption

θ=64.7

Absorptance (10 layers) Absorptance (1 layer)



Polarization independence (5 layers)

p-polarized 

absorptance

s-polarized 

absorptance

θo=64.7o
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Transfer matrix calculation

Residual 

reflection

Evanescent 

decay

λ0=540 nm

10 layers

5 layers

1 layer



Interpretation

scattrrr += 121234

2

12
12 scatti

scatt
i ererR ϕϕ +=

0

0
12

12

=







=−

=
⇔=

T

rr
R

scatt

scatt

πϕϕ
Total internal reflection

1 - prism

2 - silica

4 - substrate

3 - graphene

r12

rscatt









=

43211234

43211234

tr

rt
S













−−=

∝=

==

TRA

TtS

RrS

1

2

1234

2

11

2

1234

2

21



Outline

Motivation and introduction

Coherent absorption

Measurements and modeling

Optimization

Conclusions



Optimized structure
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Optimized structure

θo=65.7o

λ0=540 nm

Reflectance
θc1θc2



Optimized structure
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Optimized structure
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Conclusions

We have experimentally demonstrated broadband and

enhanced absorption in graphene

This enhancement is explained in terms of coherent

absorption arising from interference and dissipation in a

multilayer structure.

For 10 layers of graphene it is possible to enhance the 

absorptance over 91%. For the 5 layer and monolayer sample

a similar analysis leads to a maximum absorption of 76% and

15%.



Controlling the absorption



Real part (Ef=100 meV)

Imaginary part (Ef=100 meV)

Real part (Ef=10 meV)

Imaginary part (Ef=10 meV)



Microcavity control
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Not ideal for broadband 

illumination
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Graphene plasmons resonance:  

up to 50% absorption

electrically continuous system

highly wavelength dependent
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Total absorption
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Localized resonance:  

nearly omnidirectional absorption

polarization independent

strongly limited in energy

challenging to fabricate

electrically discontinuous
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Position G-line 

5 layers 1 cm2



5 layers 1 cm2
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