A Simplified Approach to Choosing a DC Blocking Capacitor
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ABSTRACT

Selecting an appropriate DC blocking capacitor is a critical but often time-consuming task in RF and mixed-signal circuit
design. Iterative in-circuit testing can require additional time and resources, while broadband components can add
unnecessary cost through over-specification. This paper presents a structured, application-focused methodology based on
pre-characterized capacitor families optimized for specific frequency bands. It examines operating frequency, insertion
loss (S21), capacitance, voltage rating, and package size, along with S-parameter data used to validate performance. It also
considers reliability requirements for commercial, automotive, and high reliability (Hi-Rel) applications. This
methodology can reduce design time while improving performance predictability.

INTRODUCTION

DC blocking capacitors, also referred to as coupling capacitors, are fundamental components in analog, RF, and mixed-
signal systems. They isolate DC bias conditions between circuit stages while allowing AC signals to pass, providing a
controlled interface that helps maintain stable biasing, preserve signal integrity, protect components, and enable modular
system architectures. Properly implemented, they support applications ranging from audio electronics to high frequency
RF communication systems.

Although this function is straightforward, selecting the appropriate DC blocking capacitor, particularly for an RF
application, can be complex. Designers must balance operating frequency, insertion loss, capacitance, voltage rating, and
package size while accounting for frequency-dependent impedance and parasitic behavior.

Historically, engineers have selected these components through iterative in-circuit testing or by using broadband
capacitors designed to operate across wide frequency ranges. Iterative testing can be time-consuming and resource-
intensive, while broadband components may add cost or provide capabilities beyond those required by the application.
This paper presents a structured, application-focused methodology based on pre-characterized capacitor families aligned
with specific RF frequency bands. It also examines reliability considerations for commercial, automotive, and high
reliability (Hi-Rel) applications.

INSERTION LOSS AND SIGNAL ATTENUATION

Insertion loss quantifies the signal attenuation introduced when a component, such as a DC blocking capacitor, is inserted
into a transmission path. In RF and high frequency electronic systems, this attenuation directly affects signal integrity,
power transfer efficiency, and overall system performance.



Performance is commonly evaluated using the forward transmission coefficient S»i, expressed in decibels (dB):

o F
S,1 = 20logy, <71) = 10log,, <FL> €8
where:
o V;, V,: input and output voltages
e P;, P,: input and output power
Fig. 1 shows how the transmission and impedance characteristics vary with frequency.
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Fig. 1. S;; and impedance versus frequency.

An ideal coupling capacitor would have an S,; value of 0 dB, corresponding to no signal attenuation. Real capacitors
introduce loss because of their frequency-dependent impedance and parasitic elements. More negative S»; values indicate
greater attenuation. For example, an S, value of —0.5 dB corresponds to approximately 10 % power loss, while —3.0 dB
corresponds to approximately 50 % power loss. Designers must therefore select a capacitor that maintains acceptable
transmission performance across the intended operating frequency band.

TRADITIONAL SELECTION APPROACH

The traditional selection process begins by defining the capacitor’s required operating frequency range, acceptable
insertion loss, and DC voltage rating. The operating frequency range determines the impedance characteristics needed for
the application. For example, the UHF band extends from 300 MHz to 3 GHz, while the S band extends from 2 GHz to
4 GHz. At lower frequencies, larger capacitance values are generally required to maintain low reactance. At higher
frequencies, parasitic effects and package geometry become increasingly important. The maximum tolerable insertion
loss provides another performance constraint, and the selected capacitor must meet that limit across the entire operating
frequency band.

Although DC blocking is the capacitor’s primary function, signal transmission is governed by its capacitive reactance:
1
Xc = 2
¢ = 2nfC 2

where:
e X, is capacitive reactance
e fis frequency
e ( is capacitance



To minimize insertion loss, the capacitor must exhibit low impedance across the operating frequency band. This typically
requires a capacitance value large enough to support the lowest frequency of interest. Increasing capacitance is not always
beneficial, however, because parasitic inductance and self-resonance effects can degrade performance at higher
frequencies. Capacitance selection therefore requires a balance between low frequency coupling and high frequency
performance.

The capacitor must also withstand the DC potential difference between the adjoining circuit stages. Its rated voltage must
meet or exceed the maximum DC differential across the capacitor:

Vr>AV =V, — Vj| 3)
Failure to account for this voltage stress can reduce reliability or result in catastrophic failure. These considerations apply
across applications such as RF communication modules, multistage amplifiers, audio signal chains, and IoT and wireless
systems.

After establishing these requirements, designers have traditionally relied on an empirical process in which they insert a
capacitor, measure system performance, and replace and retest the component as necessary. The process can also be
performed in a simulation environment using electromagnetic or circuit modeling software, but it remains time-
consuming and resource-intensive.

Another option is to select a broadband capacitor designed to operate across a wide frequency range. Although this
approach can simplify selection, it may result in higher cost, potential over-specification, or limited voltage flexibility.

AN APPLICATION-FOCUSED SELECTION APPROACH

Vishay offers an application-focused alternative based on pre-characterized capacitor families optimized for specific RF
frequency bands. Instead of testing multiple components or defaulting to a broadband capacitor, designers can narrow the
available choices according to the application requirements and then verify performance using measured data.

The selection process consists of five steps:

1. Identify the application frequency band. For example, a Bluetooth application (2.4 GHz) falls into the range of 2
— 4 GHz, which falls within the S band

2. Determine the voltage requirement between stages. Choose a voltage rating greater than or equal to the maximum
voltage requirement.

3. Select the capacitor case size. Case sizes offered include 0402, 0603, 0805, and 1210
4. Referring to data sheet table, choose a standard, Automotive or HiReL part number.
5. Download the part number S2P file and validate performance.

This approach shifts the focus from trial and error component selection to the use of pre-characterized, application-specific
solutions. It can reduce the time required to identify an appropriate capacitor while improving performance predictability.

RELIABILITY CONSIDERATIONS BEYOND COMMERCIAL GRADE

Beyond commercial-grade components, Vishay offers Automotive Grade and high reliability capacitors for applications
with more demanding operating and reliability requirements. Automotive Grade components are typically AEC-Q200
qualified. Robust design methodologies, process control and traceability, and reliability monitoring and defect prevention
make these components suitable for applications requiring high durability under temperature, vibration, and electrical
stress.

For mission-critical applications such as aerospace and defense systems, high reliability (Hi-Rel) capacitors provide an
even higher level of assurance. Their key characteristics include compliance with MIL-PRF-55681, 100 % voltage
conditioning, rigorous qualification and screening, and a Certificate of Conformance (CoC). These capacitors are
manufactured under strict quality systems and are intended for environments where failure is not acceptable.

CONCLUSION

Selecting a DC blocking capacitor does not need to rely solely on iterative testing or the use of a broadband component.
By first defining the operating frequency range, acceptable insertion loss, capacitance, and voltage rating, designers can
narrow the available choices according to the application requirements. S-parameter data can then be used to verify
insertion loss and impedance performance across the intended frequency band.

Vishay’s application-focused approach uses pre-characterized capacitor families to streamline this process and improve
performance predictability. The availability of commercial-grade, automotive-grade, and Hi-Rel components also allows
designers to select the appropriate level of reliability for the application. This structured methodology can reduce design
time while enabling efficient, accurate, and scalable capacitor selection for modern RF and electronic systems.
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