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Abstract — A programmable small capacitance standard 

consisting of several capacitors connected to a 20 channels 
multiplexer has been developed at LNE. This programmable 
standard is capable of producing decadic capacitances from 
10 aF to at least 10 fF. This paper presents the first phase of the 
measurements which were performed in order to evaluate the 
errors introduced by the stray and cross capacitances. 

Index Terms — Capacitance measurements, multiplexer, small 
capacitance standard, capacitance bridge. 

I. INTRODUCTION 

For the growing need of traceable capacitance measurements 
of very small values in the micro and nano-electronic industry, 
the LNE is developing capacitance standards in sub-pF range. 
The aim of this work is to be able to calibrate the measuring 
systems connected on devices such as probers or 
functionalized atomic force microscopes with a target 
uncertainty of 1% for the lowest capacitance of 10 aF at 1 
kHz. 

In order to achieve this objective and to extend the range of 
traceable capacitance measurements to very small values, 
several capacitance standards were developed using different 
techniques, namely Zickner air capacitors and lithographied 
capacitors. A digitally programmable capacitance standard 
was also developed, which incorporates these capacitors 
together with a coaxial multiplexer (MUX), generating a set of 
predefined values ranging from 10 aF to at least 10 fF. This 
paper describes the design and the construction of these 
devices together with the preliminary results.  

II. DESIGN AND FABRICATION 

A. Zickner air capacitors 

The Zickner air capacitors are made by interposing a screen 
having a small predefined aperture between its active 
electrodes [1] (see Fig.1.a). The aperture in the screen controls 
the amount of electric flux between these electrodes, thus 
defining the value of the capacitance standard. It could have 
either a cylindrical or a plane geometry.   

At LNE, Zickner air capacitors are developed with a plane 
geometry. Physical dimensions and diameter of the aperture 
are determined by finite element modelling. A micrometric 
screw (see Fig.1.b) is also integrated on one of the electrodes 
in order to have a fine adjustment of the nominal value of the 
capacitor. Finally, capacitors of values 10 aF, 100 aF, 1 fF, 
10 fF and 100 fF are fabricated.  

 

  
Fig.1. a)   Schematic of a Zickner capacitor [1];    b) CAD of LNE’s 
Zickner air capacitor.  

B. Lithographied capacitors 

Capacitance standards of relatively smaller sizes, facilitating 
their integration to decades, have been developed by optical 
lithography. These capacitors have been fabricated on a fused 
silica substrate where the patterns of the electrodes and a part 
of the electrical screens have been deposited by gold 
pulverisation on each face of the substrate (see Fig.2.a). The 
substrate is then enclosed in a copper shield (see Fig.2.b). The 
geometry of these capacitors is also determined by finite 
element modelling. Several capacitors of values 10 aF, 20 aF, 
50 aF, 100 aF, 200 aF, 500 aF, 1 fF, 2 fF, and 5 fF have been 
developed and put together in forms of decades (see Fig.2.c).  

 

  
Fig.2. a) Top and bottom faces of the capacitor; b) Capacitor before 
encapsulation; c) Capacitors ready to be put in decades. 
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C. Programmable capacitance standard 

To produce decadic capacitance values from
programmable capacitance standard is d
incorporates the capacitors described in p
together with a 20-channels multiplexer (
system of multiplexing consists of multi
circuit boards (PCB) and National Instrum
driver modules PXI-2567.   

Fig.3. Schematic of programmable capacitance s
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The MUX is piloted and powered by P
modules. The channels can be selected 
developed in LabVIEW™, which rends the
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III. RESULTS 

A commercial capacitance bridge (AH2700
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IV. CONCLUS

Several very small capacitance st
channels coaxial multiplexer have
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out until now show reproducible 
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