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ABSTRACT 

The frequency dependences of a 100 nF ceramic capacitor, a 1 MΩ resistor and a 100 Ω 
resistor have been measured at room temperature at frequencies from 20 Hz to 1 MHz by 
using a HP4284A impedance analyzer, and at frequencies from 75 kHz to 1 MHz with the 
HP4285A impedance analyzer, with four-terminal-pair (4TP) connections to the device 
under test (DUT) and auto-balancing bridge system. 

1. INTRODUCTION 

The impedance is an important parameter used to characterize electronic circuits, 
components and materials used to manufacture components. All AC circuits, however 
complex, can be analyzed into resistance in series with reactance (inductive / capacitive). 
The impedance describes a measure of opposition to alternating current (AC), so that it 
extends the concept of resistance to AC circuits, describing not only the relative amplitudes 
of the voltage and current, but also their phase shift. The value of this angle normally 
ranges from -90◦ (capacitive reactance only) through 0◦ (resistance only) to +90◦ (inductive 
reactance only), as shown in Fig. 1. 

 

Fig 1: Impedance consists of a real part (R) and an imaginary part (X) 

The dissipation factor (D) serves as a measure of a reactance’s purity, and is defined as the 
ratio of the energy stored in a component (resistive component) to the energy dissipated by 
the component (inductive / capacitive reactance). D is the tangent of the complementary 
angle of θ.  

This paper describes the challenges of measurements of passive components (resistors and 
a ceramic capacitor,) and how to extend their capability to have the measured value as 



close as possible to the real value, by using commercial impedance analyzers HP4284A, 
and HP4285A with partially overlapping frequency ranges 20 Hz – 1 MHz and 75 kHz – 1 
MHz, respectively, and it shows their ability to meet accurately measured value. 

Impedance analyzer 4284A can adequately characterize the 1 MHz resistor, and high 
accuracy can be achieved. But for the 100 nF ceramic capacitor, their limitations in the 
frequency range can become problematic. Neither analyzer completely characterizes the 
device for all applications. Thus the correct characterization requires testing with the 
HP4285A. These effects are reported. 

2. MEASUREMENT  

The measured high-value 1 MΩ resistor has parasitic-unwanted capacitance. With the 
combination of primary and parasitic elements, each component will be like a complex 
circuit model as shown below. 

 

Fig 2: Real-world high value resistor 
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CCT XRXRZ +×=           (Ω) (1), 

where ZT is the total impedance, R is the resistance value and Xc capacitive reactance. 

 ( )RZT /arccos=θ             (degrees) (2) 

The measured ceramic capacitor 100 nF has a parasitic resistance and a parasitic 
inductance, as shown below: 

 

Fig 3: Real-world ceramic capacitor 
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 )/)(( SCL RXXarctg −=θ                      (degrees) (4), 

where Z is total impedance, Rs is the resistor value, Xc capacitive reactance and XL 
inductive reactance. The measured low-value resistor 100 Ω has parasitic-unwanted 
inductance, as shown below 

 

Fig 4: Real-world low value resistor. 
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where ZT  is total impedance, R is the resistor value and XL inductive reactance. 



 )/( RXarctg L=θ                      (degrees) (6) 

Impedance analyzer 4284A can adequately characterize the 1 MHz high-value resistor, and 
high accuracy can be achieved. Because the capacitive reactance is inversely proportional 
to the frequency, and as shown in the mathematical derivations, XC = 1/(2πfC). 

  

Fig 5: Frequency response of high value resistor by using 4284A impedance analyzer, 
Frequency response of low value resistor by using 4285A impedance analyzer 

The parasitic capacitance is the prime cause of the frequency response as shown above. 
The measured high-value resistor behaves as capacitor at frequencies above 105 Hz; the 
phase angle changes to a negative value around -90◦ at 1 MHz. The 100 Ω resistor behaves 
as inductor at frequencies above 106 Hz; the phase angle changes from 0° to a positive 
value around +17° at 30 MHz.  

For the ceramic capacitor, the prime cause of the frequency response is parasitic 
inductance.  At low frequencies, the phase angle of impedance is around -90◦ (XC > XL), so 
the reactance is capacitive. The capacitor frequency response has a minimum impedance 
point at a self-resonant frequency, which is determined from the capacitance and parasitic 
inductance (LS) of a series equivalent circuit model of capacitor. At a self-resonant 
frequency (SRF), the capacitive and inductive reactance values are equal, 1/(ωC) = ωLS, 
and, as a result, the phase angle is 0◦ and the device is resistive. Above the resonant 
frequency, the measured capacitance exhibits a negative value, the phase angle changes to 
a positive value around +90◦ (XL > XC) and the inductive reactance due to the parasitic 
inductance is dominant. Ceramic capacitor behaves as a resistive device at SRF, because 
the impedance is purely resistive. At frequencies above SRF it behaves as an inductive 
device, as a result it cannot be used as a capacitor. 

The inductive reactance is directly proportional to the frequency as shown above, and as 
shown in the mathematical derivations, XL = 2πfL s, where XL is the inductive reactance, f 
is frequency, LS parasitic inductor. At SRF, f = 1/(2π.√(LSC)), the values of reactances are 
equal and, hence, cancel each other. The impedance is then equal to the resistance. 

The quality factor Q of a capacitor is derived from the relation  

 SC RXQ =  (7) 

Both RS and Q are frequency dependent and the characteristics of the dependence are 
affected by the proximity of the frequency to fs (lowest SRF). The values of RS and fs are 
directly measurable; the first resonance is defined as the maximum in loss as shown below.  

 



Fig 6: Frequency response of ceramic capacitor by using 4285A impedance analyzer 

3. CONCLUSION 

The HP4284A low-frequency analyzer 20 Hz – 1 MHz is convenient for high-value 
resistors as high accuracy can be achieved. For ceramic capacitor, the values of Cp and RS 
do not completely characterize the device for many applications. The HP4285A analyzer is 
convenient for the 100 nF ceramic capacitor and high accuracy can be achieved. In all 
components studied, significant parasitic effect appear. 
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