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The atomic structure of graphene grain boundaries impacts transport characteristics for graphene 

electronic devices [1]. Grain boundaries in chemical vapor deposition (CVD) graphene films, 

structures that depart from the standard hexagonal lattice with heptagon – and pentagon rings, 

should act as scattering sites altering the local electrical properties of the film [1, 2]. 

Characterization of these defects aims to improve understanding of how these structures influence 

transport characteristics that will affect performance of graphene devices [3].  Atomic resolution 

imaging of these defects for functional devices is often hampered by surface contaminates (iron 

chloride and polymers derived from transfer methods are commonly observed).  Heating the samples 

ex situ and in situ each provide a potential solution to removing grain boundary contaminates.  Ex 

situ heating has been used to clean graphene samples [2].  Here we present TEM analysis during in 

situ heating and we focus on graphene transferred via poly-methyl methacrylate (PMMA).  Because 

the use of PMMA is so common for graphene transfer, it is important to understand cleaning 

methods for further device characterization. 

 

We used Protochips Aduro
TM

 support grids which were coated with SiN to prevent electrical 

shorting, and in which were cut six micron-sized holes to provide a region where suspended 

graphene could be found.  We heated PMMA transferred graphene to 1200 
o
C (temperature from 

Protochips’ calibration via optical pyrometry); a time-heating series of images is shown in Fig. 1.  

Instead of only the expected sublimation, heating also reorganized PMMA contaminates into 

partially crystalline graphitic material.  Fig. 1 shows a time series of images for PMMA 

contaminated graphene heated to 1200 
o
C.  The polymer, which appears dark gray in the second row 

of images in Fig. 1, seems to be removed by sublimation.  However, partial crystallization of the 

contaminant is observed by direct imaging and diffraction as shown in Fig. 2.  After heating, rings 

are observed in diffraction and image-FFTs with the same d-spacing spacings as graphene.  We 

found similar results of contaminant crystallization for Joule heated samples; biasing the graphene 

dramatically removed the PMMA from the surface, but also altered the diffraction pattern to show 

rings with the same d-spacing as graphene.  Joule heating as a means of removing contamination has 

been reported previously [4].  Our electrically biased graphene samples measured in excess of 

1000 
o
C by optical pyrometry [5]. 

 

Heating or biasing graphene prepared with PMMA to temperatures in excess of 1000 
o
C in vacuo 

shows the same effect resulting in a partial “opening” of clean graphene regions with neighboring 

regions holding a partially crystalline residue.  Crystalline contaminates are not preferentially 

oriented.  The crystallization of these contaminates may be interesting to study on its own and has 



not yet been reported in the literature. It is not yet clear the role of such partially crystalline 

contaminants on the bulk electrical properties of polycrystalline graphene, and it is possible that 

such materials could improve the conductivity across bridged grain boundaries.   
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Fig. 1. Time series TEM images for graphene with PMMA heated to 1200 °C.  Colored boxes in the top 

images point to regions zoomed for the bottom rows. The relative time from the first image is shown in the 

top most rows.  The middle row shows the graphene apparently being cleaned by heating.  The bottom row 

shows that holes in the graphene do not increase in size while the graphene is heated. 

Fig. 2. Typical images of graphene with PMMA contaminant before and after heating (left and right 

respectively), with associated image FFTs (top insets).  Electron diffraction patterns (lower insets) were 

collected from larger local regions (including nearby grain boundaries).  Image FFT and diffraction 

pattern for the after heating region shows a ring structure corresponding to polycrystalline material with 

same d-spacing as graphene. 


