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Hydrodynamic electronic transport occurs when carrier-carrier collisions constitute the dominant 
scattering mechanism. This regime has attracted intense recent interest with its discovery in two 
dimensional materials, for which interactions are intrinsically strong and disorder plays a minimal role.  
Here we show that bilayer graphene is a model hydrodynamic semiconductor, in which carrier-carrier 
collisions play a dominant role over a wide range of temperature and carrier density.  Remarkably, a 
simple model captures the complex interplay between carrier-carrier scattering and conventional 
dissipative scattering.  This model, depicted in Figure 1 below, consists of a universal Coulomb drag 
contribution that dominates at charge neutrality and decays with increasing density, and a non-
universal dissipative contribution corresponding to collective motion of the electron-hole plasma. We 
compare this model to electrical transport measurements of ultraclean bilayer graphene encapsulated 
within hBN, with dual gates providing independent control over carrier density and bandgap. At charge 
neutrality, these samples show electron-hole limited conductivity over a wide temperature range (Fig. 
2a). A single set of fit parameters provides quantitative agreement with experiments at all densities, 
temperatures, and gaps measured, allowing for separate extraction of the electron-hole and 
dissipative contributions (Fig. 2b). Our work provides an intuitive understanding for electron-hole 
limited transport in a semiconductor across a wide range of parameters and provides a unique link 
between semiconductor physics and the emerging field of viscous electronics. 
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Figure 1: Schematic of Dissipative Hydrodynamics. In the limit of strong Coulomb inter-

actions⌧0 ⌧ ⌧dis, the two-fluid model decomposes into two additive components (see Eq. 1).

The relative motion between electrons and holes (left panel) is the universal Coulomb drag

which dominatesat chargeneutrality. Away from neutrality it decays as thenumber of minority

carriers. Thecenter of massmotion (right panel) is thenon-universal linear response of thecol-

lectiveelectron-hole plasma under an electric field and reduces to the usual Drude conductivity

far from neutrality. Taken together, thesetwo components fully describe thedissipation-enabled

hydrodynamics giving a smooth crossover from universal to non-universal behavior as carrier

density is tuned away from neutrality.
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, where µ is the chemical potential and kB T

is the product of the Boltzmann constant and temperature (see supplemental material for the

more general case). Here σ0 = e2

h
⇥ 8 log(2)

↵0
, where h is Planck’s constant and ↵0 ⇠ 0.2 is

a dimensionless constant that characterizes the electron-hole coupling strength (11–13). This

temperature-independent universal hydrodynamic conductivity σ0 is insensitive to materials

parameters such asm⇤. Thecenter-of-mass motion isdescribed by aDrude model for aplasma

with charge density − (ne − nh)e, mass density (ne + nh)m⇤, and momentum non-conserving
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Figure 1: Schematic of Coulomb drag and center-of-mass contributions to hydrodynamic conductivity.  

 

   
 
Figure 2: (A) Measured conductivity of bilayer graphene at charge neutrality, with predicted contributions from 
impurity, phonon, and electron-hole scattering. (B) Extraction of the universal Coulomb drag and non-universal 
dissipative terms.    
  


