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1 Deliverable Summary 

In this report we describe wafer scale fabrication of devices on epitaxial graphene 

and evaluation of material uniformity over the wafer. Graphene has been grown on a 

50 mm silicon carbide wafer, which can accommodate for 24 7x7 mm chips.  

To demonstrate scalability of fabrication on epitaxal graphene we have fabricated 

van der Pauw sheets for measuring transport properties on every 7x7 mm chip. 

To demonstrate high level of integration we have designed and fabricated a device 

consisting of 1024 Hall bars connected in a combination of parallel and series 

connection to correspond to quantum Hall resistance standard of 600 Ohms. This 

device was made on one of 7x7 mm chips. 

Uniformity of graphene properties on the wafer was assessed by different methods. 

Optical microscopy was used to determine shape and amount of bilayer graphene 

areas. To check uniformity of electrical properties we have combined contactless 

measurements of resistivity by microwave technique and direct measurements of 

carrier concentration and mobility on pre-fabricated structures on 5 different chips. 

Graphene substrate was prepared by Linkoping University, device fabrication was 

done at Chalmers University, and measurements were carried out at the National 

Physical Laboratory. 
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1 Wafer scale fabrication 

To demonstrate the capability of fabricating devices on epitaxial graphene on wafer 

scale, we have patterned 24 7x7 mm chips on a 50 mm graphene wafer prepared at 

Linkoping University. 

To determine amount of bilayer on the wafer we have used the method of express 

optical analysis [1] which we have developed for ConceptGraphene project. Bilayer 

coverage on this wafer varied between 12% and 25% in different areas (Figure 1).  

 

        

Figure 1: An example of optical microscope images showing graphene 
morphology. Darker areas are monolayer and brighter areas are bilayer. Size of 
imaged area is 130x100 µm 
 

On one of the chips we have fabricated a device consisting of 1024 interconnected 

Hall bars which is described in section 3. On all other chips small structures for 

electronic transport measurements were made, leaving most of the chip area 

unpatterned and usable for fabricating other structures in the future. 

The fabrication was done by e-beam lithography following our standard recipe for 

making Hall bars on graphene. Contacts were made with Ti/Au using thermal 

evaporation and lift-off process, and graphene layer was patterned by oxygen plasma 

ashing through PMMA mask. 

All lithography steps required for fabricating test structures on each chip were carried 

out on the entire wafer. The wafer was diced into individual chips in order to perform 

contactless measurements of resistivity as the measurement setup we have used is 

only designed for a 7x7 mm substrate. The chip containing an array of 1024 Hall bars 

went through subsequent lithography steps to fabricate interconnections. 
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Figure 2: Wafer scale fabrication. Left: a photograph of the entire wafer after 

dicing; right: microphotography of a van der Pauw sheet 
 

2 Electronic and microwave evaluation of wafer uniformity 

Measurements of electronic properties (resistivity, carrier density and mobility) was 

performed by two different techniques on 5 chips from the same row in the middle of 

the wafer. 

2.1 Van der Pauw measurements 

A van der Pauw sheet of a modified cloverleaf geometry (Figure 2, right) was 

fabricated on every chip for direct measurements of carrier density and mobility. 

Standard van der Pauw measurements using four contacts in the corners were 

performed on 5 chips. 

2.2 Contactless measurements of resistivity by microwave absorption 

Graphene resistivity was measured by putting a 7x7 mm chip on top of a sapphire 

microwave resonator [2]. Working side of the chip was facing down, touching the 

surface of the resonator. Back side of the chip, where graphene layers are also 

formed during the growth, was grounded. 

2.3 Results 

Results of transport measurements by two different techniques are summarized in 

Table 1 and Figure 3. 
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Sample # 1 2 3 4 5 
n, 1012 cm-2 (van der Pauw) 2.7 2.3 2.2 2.6 2.3 

µ, cm2/V·s (van der Pauw) 753 844 810 742 791 

ρ, Ohm (van der Pauw) 3088 3260 3458 3200 3445 

ρ (van der Pauw) deviation from average -0.07 -0.01 0.05 -0.03 0.04 

ρ, arbitrary units (contactless) 375 352 475 412 421 

ρ (contactless) deviation from average -0.08 -0.16 0.14 0.01 0.03 

Table 1: measurements of graphene electric properties 
 

 

Figure 3: comparison of resistivity measured by two different techniques 
 

Results show some correlation between two different techniques of measuring 

graphene resistivity. Perfect agreement cannot be expected since in van der Pauw 

method measured is only done on a small area while contactless measurement 

involves the entire area of the chip. 

Observed correlation suggests that our contactless measurement is suitable for quick 

evaluation of graphene resistivity. Most importantly the spread in the parameters of 

the chips across the wafer is small, not exceeding 16% in microwave measurements 

and 7% in VdP measurements. Even this spread may be due to the extrinsic factors, 

such as the influence of the ambient humidity on the carrier density and mobility. 
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3 Integration of 1024 Hall bars 

As an example of high level of integration, we have fabricated 1024 interconnected 

Hall bars on a 7x7 mm chip. Connection was designed in the following way: arrays of  

41, 88, 213, 283 and 399 parallel connected Hall bars were made, and these 5 arrays 

were connected together in series. Value of resistance plateau of this structure in 

quantum Hall regime (ignoring contact resistance) is then equal to 

 

 

 

 
 

 

 

Design of Hall bars and interconnections was similar to one we used for a quantum 

Hall array device described in our previous deliverable, with all linear dimensions 

increased 2 times. One Hall bar had size of 76x34 µm, and interconnecting wires 

were made 2 µm wide with 2 µm spacing in between. With this density of integration it 

is possible to fit up to about 3500 Hall bars of this size on a 7x7 mm chip. 

 

 
Figure 4: Microphotographs of 1024 Hall bar array fabricated on a 7x7 mm chip 
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