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There are numerous prepreg choices in the 
PCB industry. In the past, the choice of pre-
preg was often dominated by PCB fabrication 
concerns. The prepregs used for high frequency 
or high-speed digital (HSD) address many of 
the same PCB fabrication concerns, but they 
also have other properties which are important 
for consistent high-frequency or HSD perfor-
mance. There are also other bonding materi-
als used as prepreg, such as a film or non-glass 
woven bonding materials, which are called 
bonding film or bondplys. Basically, these pre-
pregs and other bonding materials are used to 
adhere the different layers in a multilayer PCB 
and can have a significant influence on many 
aspects of the circuit.

Over the past several years there have been 
more high-volume PCB programs that are 
using millimeter-wave (mmWave) frequen-
cies. Most of these applications, until the past 
few years, are PCBs typically built as a four- or 
six-layer circuit with only the top two cop-

per layers being related to the high frequency 
circuitry. Many of the more recent mmWave 
PCBs, especially those used in high resolution 
automotive radar, are multilayer PCBs with 
many high frequency circuit layers and in some 
cases the entire multilayer PCB is designed to 
have all layers to be supportive of mmWave fre-
quencies. It is these types of circuitry where the 
prepreg and bondplys can be critical to good 
RF performance and still need to maintain all 
the other properties for good PCB fabrication 
and reliability.  

A circuit using mmWave frequencies is a 
propagating medium for the wave, and the 
wavelengths at these high frequencies are very 
small. Generally, the small wavelength means 
the propagating wave will be more sensitive to 
anomalies in the medium than a propagating 
wave at a lower frequency. There are several 
items which are relatively normal to the circuit 
fabrication process, which could be consid-
ered an anomaly. Having a very small etching 
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defect that is normally acceptable at lower fre-
quencies may not be acceptable at mmWave 
frequencies. The normal variation of conduc-
tor trapezoidal effects, differential etching, 
slight undercut, layer-to-layer alignment, are 
all things that can normally happen in the PCB 
fabrication process and are relatively harm-
less to the RF performance of the PCB when 
operating at lower frequencies. However, at 
mmWave frequencies these normal variations 
can be problematic.

Another issue that is relatively normal and 
related to the high frequency circuit materi-
als, is the glass reinforcement layers which are 
used to give mechanical stability to the mate-
rial, among other things. Depending on the 
formulation of the laminate or prepreg and the 
glass style used, the supporting glass fabric can 
cause small disturbances in the RF propagation 
medium of the PCB. Again, at lower frequen-
cies this may not be a concern, but at mmWave 
frequencies the very small wavelength can eas-
ily detect and be affected by the small differ-
ences due to the glass and/or overall formula-
tion of the laminate or prepreg. 

The main issue with the glass is known as 
the glass-weave effect, fiber-weave effect, or 
woven-glass-weave effect. The glass styles that 
have been used for decades are typically open-
weave glass and, as the name implies, there are 
openings between the glass bundles. The glass 
that has been typically used is E-glass and that 
type of glass has a Dk of about 6 and a Df near 

0.004. However, the E-glass Df will signifi-
cantly increase with an increase in frequency 
and the Dk will decrease some as well. The 
basic issue for the glass-weave effect is related 
to the opening size in the glass fabric as well as 
the wavelength of the propagating wave.  

For example, if the average opening size in 
the glass fabric is 16 mils x 16 mils and operat-
ing at 3.6 GHz with a wavelength of 2.1 inches 
(or 2100 mils), the openings in the glass fabric 
are such a small percentage of the propagat-
ing wavelength, that the openings do not have 
a significant effect on the wave performance. 
Although, it is well known that a fraction of a 
wavelength can be significant and if an anom-
aly is half wavelength in size it can cause wave 
disturbance in the propagation of the wave. If 
the anomaly is one-quarter wavelength it can 
also cause a disturbance but usually less than 
the half wavelength anomaly. 

Typically, around one-eighth wavelength 
or less and the anomaly will not influence 
the propagating wave. Continuing with the 
example and using the same glass with open-
ings of 16 mils x 16 mils and now considering 
the wavelength at 77 GHz, which is 97 mils, it 
is obvious that the 16-mil anomaly is a larger 
portion of the 97-mil wavelength and can have 
a disturbance on the propagating wave. At this 
frequency, the 1/8th wavelength size is 12 mils 
and the 16-mil opening in the glass will likely 
have some influence on the wave behavior.

These mmWave prepregs will often use 
open-weave glass due to its lower cost than 
spread-glass fabric, a better performing alter-
native glass fabric. Spread-glass fabric has very 
few or no openings between the glass bundles 
and will behave as a more uniform propagat-
ing medium than one using open-weave glass. 
Additionally, it has been found that if the lami-
nate is heavily loaded with ceramic fillers, 
the differences of the propagating medium 
between the openings and the glass bundles of 
the glass fabric are greatly minimized. 

Due to concerns of the glass-weave effect, 
many of the legacy mmWave PCB designs used 
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By Brad Griffin

Electronic designs are 
increasing in capacity, 
complexity, and perfor-
mance. This is coupled 
with increasing pressure 
to get new products to 
market as quickly as possible while, at the same 
time, ensuring that these products are robust 
and will not fail in the field. The only practical 
way to address all these diverse requirements is 
to make design and verification tools and meth-
odologies more powerful, intuitive, and easier to 
use.

Almost any electronic development method-
ology and/or workflow can be segmented into 
three main stages: a pre-design exploration 
phase, the design phase itself, and a post-design 
verification phase.

Historically, the engineers responsible for the 
exploration, design, and verification stages have 
used different tools. In this case, the exploration 
and design teams often prefer to use more sim-
plistic tools that are easier to use. However, these 
tools then do not correlate 100% with the results 
from the tools preferred by the verification team 
which requires more powerful and sophisticated 
tools to ensure design integrity. What’s more, all 
the tools in use across these three stages have 
traditionally been standalone point tools that are 
not well-integrated into the overall environment, 
thereby adding unnecessary risk and error into 
the workflow.

To complicate things further, communication 
from the verification team back to the design 
team is often ad-hoc, being composed of screen-
shots, documents, emails, etc. As a result, a typi-
cal development flow tends to involve multiple 
iterations between the verification team discov-
ering problems and the design team fixing them, 
hopefully without introducing new issues into 
the mix.

To read the entire column, click here.

an unsupported ceramic-filled laminate such 
as RO3003G2 laminate. In this case, there is 
no glass fabric layer, so the glass-weave effect 
is not applicable. However, due to the more 
recent high resolution mmWave designs, which 
use many layers for mmWave circuitry, a lami-
nate with supporting glass fabric is needed for 
improved circuit fabrication, and then laminates 
using spread-glass are used such as the CLTE-
MW laminate. Additionally, this laminate not 
only has the spread-glass, but it is also heavily 
loaded with ceramic filler and the glass-weave 
effect is typically not a concern at 77 GHz. 

With the higher resolution mmWave radar 
circuits, the prepreg must also have very good 
RF performance properties. There are prepregs 
which have no glass reinforcement, which 
means the glass-weave effect is not a concern. 
Some of these prepregs or bondplys may need 
special lamination conditions and it is recom-
mended to speak with your material provider’s 
technical support person about how to process 
these materials for circuit fabrication. 

For certain high resolution mmWave radar 
circuitry, circuit materials that are glass rein-
forced are desired for the PCB fabricator to 
obtain good yields and good reliability of the 
PCB. These prepregs are often available with 
open-weave or spread-weave glass styles and 
it is best to use the spread-weave versions of 
this prepreg for mmWave circuitry. Addition-
ally, some of these prepregs can have spread 
glass and be heavily loaded with ceramic filler, 
which is a best-case scenario for mitigating the 
glass-weave effect. Many of these prepregs are 
formulated to be friendly in the PCB fabrica-
tion process, but it is still suggested to contact 
your technical support engineer at the material 
company to ensure the processing and final 
performance will be as needed.  DESIGN007

John Coonrod is technical mar-
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