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Abstract 

There is increasing industry focus on high-frequency loss measurement in printed circuit boards to determine the 

boards’ ability to support high bit-rate digital signals. At the National Physical Laboratory we are developing a 

reference standard that will enable the comparison and validation of emerging loss measurement techniques and 

traceability to national standards. 

 

Introduction 

The printed circuit board (PCB) is the spine that connects and passes information between the constituent parts of 

almost any modern electronic system. As components increase their rate of data processing the PCB is expected to 

transfer data at ever faster rates to keep pace. Beyond 2 Gb/s the impact of dielectric loss becomes a critical factor 

in the design process [1]. Agreement of loss measurements between PCB manufacturers and their customer base 

can be crucial in ensuring that design tolerances are met. 

 

Methods for measuring high-frequency loss in PCB 

There has been a great deal of recent industry focus on the problem of making simple, fast and accurate 

measurements of loss during the transmission of high-frequency signals through PCB interconnects. Many of the 

methods employ time-domain reflectometry (TDR) and time-domain transmission (TDT).  There is also some 

focus on using vector network analyser (VNA) techniques although, at present, VNAs are not well-known or well-

understood by the traditional PCB industry. A number of techniques have been aimed at enabling straightforward 

‘pass/fail’ criteria to be tested in the factory link of the measurement chain, where the rate of manufacture means a 

high measurement throughput. The IPC (Association Connecting Electronics Industries) is currently developing 

standardised Test Methods (i.e. TM-650) [2] for measuring loss on PCBs and these are summarised below: 

1. Effective BandWidth (EBW): produces a non-absolute value for loss using TDR and determining the 

change in the step pulse slew rate 

2. Root Impulse Energy (RIE): calculates the ratio of energy loss experienced by a TDR step pulse 

transmitted along two transmission lines of different length 

3. Short Pulse Propagation (SPP): uses a sophisticated algorithm to determine various electrical parameters by 

transmitting an impulse along two transmission lines of different length 

4. Frequency Domain (FD): direct measurement of the S-parameters using a VNA. 

Each method has a number of advantages and disadvantages, discussed in more detail within [2]. Nor is the IPC 

TM-650 document the definitive summary of research in this area: other techniques exist and are being developed 

outside of the IPC document, such as Multiline [3] and SET2DIL [4], the latter being under consideration for 



 

 

inclusion in a revised version of the IPC TM-650. Moreover, each method produces its own metric: some evaluate 

the loss as unitless factor, others as dB per unit-length, though this can be total loss or loss at specific frequencies. 

It is apparent that although the problem of PCB loss measurement is a common one, there exists a plurality of 

solutions that offer different methodologies and metrics for the assessment of loss. Meaningful comparison of 

methodologies, and of the application of a given methodology by separate test facilities, requires a known reference 

standard so that agreement can be quantified. 

 

PCB loss measurement at NPL 

NPL has been involved in the development of the IPC TM-650 document and has expertise in both VNA  and 

TDR/T measurement (and conversion of each between both time- and frequency domains), applying these to the 

research of loss measurement in PCBs in collaboration with a number of industry partners. Initial work at NPL has 

focused on establishing an equivalence between techniques in the two domains and demonstrated that careful 

consideration of all aspects of each measurement system is necessary to make a meaningful comparison that 

includes uncertainties [5]. To facilitate and simplify such comparisons between alternative systems (or validation 

between nominally identical systems) NPL recently proposed producing a reference PCB and calibrating it for 

appropriate loss parameters. This would then provide traceability to national standards for other measurement 

systems and, if required, it would be possible to produce, calibrate and disseminate a number of these reference 

boards as transfer standards for PCB loss measurement. 

Proposed design of the reference PCB 

Given the wide variety of available and developing methods for loss measurement, the reference PCB is designed 

to incorporate a range of compatible features whilst maintaining simplicity. To this end the following key features 

have been included in the design: 

• Both microstrip and stripline transmission lines, with differing lengths of each 

• Unbalanced and balanced (differential) transmission lines 

• Provision for both coaxial and microwave wafer probe connections 

The current proposed design of the reference PCB is shown in Figure 1. For each of the four possible combinations 

of microstrip/stripline and balanced/unbalanced line there are a number of different transmission line lengths; four 

for the unbalanced transmission lines and two for the balanced. Each chosen line type and length will be placed on 

the board in two configurations; one with microwave probe connection pads (450 µm pitch) and the other with end-

launch coaxial connectors (2.92 mm or ‘K’). The characteristic impedance of the unbalanced and balanced lines 

will be 50 ohms and 85 ohms, respectively. Additionally there are a number of on-board calibration standards 

(microwave probe connection only), consisting of microstrip offset short-circuits (four unbalanced and four 

balanced) and three ‘thrus’. The board itself will consist of four-layers. The choice of dielectric is yet to be decided 

between FR4 or 35N Arlon (or similar), dependent on preferred characteristics and industry relevance. 

Once produced, a research programme will be undertaken to measure the loss characteristics of the reference PCB 

using both two- and four-port VNAs and the TDR/TDT metrological capability available at NPL. The chosen loss-

metric is dB/unit-length at key frequencies and special attention will be paid to establishing the equivalence of the 

VNA and TDR/TDT capabilities. A measurement traceability mechanism and uncertainty budget will be 

determined for both domains, followed by analysis of the transference of these calibrations to other measurement 

systems being deployed in industry. 



 

 

 

Figure 1: Proposed layout for the NPL reference PCB. Key: L = transmission line, S = short-circuit, T = thru; solid line = 

microstrip, dashed line = stripline; black = unbalanced, grey = balanced 

 

Conclusions 

The accurate measurement of high-frequency loss in PCBs is a growing concern as signal transmission rates 

continue to increase. Many measurement methods have been proposed with varying degrees of complexity and 

different loss metrics making comparison and validation between them difficult and there can be additional 

difficulties when comparing similar systems measuring an unknown. NPL proposes to solve these issues by 

producing a PCB reference loss standard that can be used to compare measurement systems and can provide 

traceability to national standards.  Feedback on this proposal is welcome and can be sent to the authors of this 

paper. This work was funded by the United Kingdom National Measurement Office through the National 

Measurement System. 
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