


Applying High-Frequency Materials in Wireless & Other RF 
Applications: Materials & Bonding Agents�

Designers in the worlds of digital logic and RF and microwave products have very different needs. Typically, 
digital designers are more interested in circuit speed and density. Accordingly, they are primarily interested 
in thin materials and specific dielectric constants. Permitivity is a major concern in the digital world.�

RF and microwave designers, however, are more interested in frequency-based issues. They need 
materials that help them minimize energy losses within a system and that provide dielectric uniformity. They 
require very tight control over material thickness and electrical properties and they are especially concerned 
with factors such as loss tangents and dielectric constant stability throughout a range of operating 
conditions.�

Table 1 compares the important properties of a number of materials used in interconnects for RF and 
microwave products (neither Merix nor any other interconnect company uses all these materials in its 
products). Because this table contains so much information, some explanatory comments are in order. The 
laminate materials discussed below are presented in reverse order of their frequency performance range 
and represent the choices commonly considered with high-performance products. 

Preferred Laminates and Prepreg - Materials Properties Comparison�

Material 
Type�

IPC 
Designation�Laminate�Prepreg� Dielectric 

Constant(3)
�

Loss 
Tangent�

Tg 
(°C)(5)

�

X/Y/Z(9) /Z(10) 
Axis 

Expansion 
(PPM/°C)�

Water 
Absorption 

%�

MEM & Isola 
High Tg FR4�

4101/24� x� x� 4.3 - 5.0� .019 - 
.025�

170� 14/13/65/140� <.24�

Isola FR408 (1)
� 4101/25,/26� x� x� 3.5 (3)

� .009(3)
�

180 (6)
� 13/13/-/120� .15�

Epoxy / PPO 
(Getek/Megtron�

4101/25� x� x� 3.5-4.2� .010 - 
.015�

180 
(6)
�

13/15/60/165� .12�

Nelco 4000-13� 4101/25,/26� x� x� 3.6 (4)
� .012(4)

�

200 
(5)
�

14/14/-/167� .1�

Nelco 4000-13 
SI� 4101/25, /26� x� x� 3.5 (4)

� .010 (4)
�

200 
(5)
�

13/13/-/167� .1�

Nelco 6000-
21(For 
Comparison Only - 
Not Avail) �

4101/25, /26� x�  x� 3.5 (4)
�

.009(4)
�

170 
(5)
�

14/14/-/176� .05�

Nelco 6000-21 
SI  
(For Comparison 
Only - Not Avail)�

4101/25, /26� x� x � 3.2 (4)
� .006 (4)

�

170 
(5)
�

13/13/-/176� .05�

Rogers 4003, 
4403� N/A� x�  x� 3.38 (4)

�

.0027-
.005 (4)

�

280� 11/14/46/-� .06�

Rogers 4350B, 
4450B�

N/A� x� x � 3.48 (4)
� .004 (4)

� 280� 14/16/50/-� .06�

Rogers 3003� 125/06� x�  � 3.0 (4)
� .0013(4)

�

(7)
� 17/17/24� <.1�

Rogers 3010� 125/08� x�  � 10.2 (4)
� .0035 (4)

�

(7)
� 17/17/24/-� <.1�

Rogers 3203 N/A x 3.02 (4) .0016 (4) (7) 13/13/58/- <.1



Rogers 3210� N/A� x�  � 10.2 (4)
� .003 (4)

�

(7)
� 13/13/34/-� <.1�

Taconic RF35P
�

4103/16 (11)
� x�  � 3.5 (8)

� .0018 (8)
�

(7)
� 24/24/64/-� .02�

Gore 
Speedboard C�

N/A�
�

 x� 2.7 (4)
� .004 (4)

� 220� -� -�

(1)� Material under developmental testing.�

(2)� Dielectric Constant and Loss Tangent data are at 1 MHz unless otherwise specified.�

(3)� Dielectric Constant and Loss Tangent data are at 1 GHz.�

(4)� Dielectric Constant and Loss Tangent data are at 10 GHz.�

(5)� Glass Transition Temperature is from Thermal Mechanical Analysis (TMA) unless otherwise 
specified.�

(6)� Glass Transition Temperature is from Differential Scanning Calorimetry (DSC).�

(7)� PTFE materials have a Tg of approximately 25°C. Their melting points are in excess of 300°C.�

(8)� Dielectric Constant and Loss Tangent data are at 1.9 GHz..�

(9)� Z-axis TCE below glass transition temperature (Tg).�

(10)�Z-axis TCE from below to above glass transition temperature (Tg). �

The above data represents typical values from material suppliers' data sheets. The relative merits and 
suitability of these materials for a specific application should be determined by your evaluation.  

(11)� New IPC spec in final revision. Will replace IPC 125.�
�

 DIELECTRIC CONSTANT vs. LOSS TANGENT COMPARISONS�

��

Dk� Loss Tangent�

Material Type� 1 
GHz� 10 GHz� 1 

GHz� 10 GHz�

High Tg FR4� 4.3� 3.9� 0.015� 0.016�

Isola FR408 � 3.7� 3.5� 0.012� 0.014�

Nelco 4000-13� 3.7� 3.6� 0.010� 0.012�

Nelco 4000-13 SI� 3.6� 3.4� 0.009� 0.010�

A-PPE SI (Nelco 6000-21) (For Comparison Only - Not 
Available) � 3.5� 3.5� 0.007� 0.009�

A-PPE SI (Nelco 6000-21 Si) (For Comparison Only - Not 
Available) � 3.2� 3.2� 0.004� 0.006�

Rogers 4350� 3.48� 3.48� 0.004� 0.004�

FR4 is typically used for small consumer products such as pagers and cell phones, where the energy loss 
can be tolerated. FR4 is inexpensive to process and costs only 20-30 percent as much as other RF 
materials. In addition, FR4 is often combined with other materials in higher-performance products that 
require mixed digital/RF modes. For example, Teflon might be used for the RF portions of the interconnect 
and FR4 for the less critical sections carrying ground planes and power supplies. FR4 also provides added 
stiffness.�



GETEK® is used for mid-range applications such as higher-performance digital cellular phones and other 
products in which moderate energy losses can be tolerated. GETEK gives better RF performance than does 
FR4. GETEK's good multilayer capability enables it to be used in interconnects having high-layer count and 
it is relatively low-cost when compared with Teflon.�

In mid-range applications where energy losses must be minimized, Cyanate Ester (CE) is used. CE Carries 
only 30-40 percent of the losses common to FR4 and some 50-60 percent of the losses inherent with 
GETEK. Materials such as GETEK, 4003, and 4350 are tending to replace CE in many applications. CE is 
commonly used in cellular or wireless broadcast units. Cyanate Ester is historically more difficult than other 
materials to process in multilayer constructions. As a result, Merix limits the use of this material.�

For high-frequency applications, the RO4000™ series (RO4003, RO 4350) from Rogers is ideal. It is an 
acceptable replacement for some CE and Teflon applications. The RO4000 series offers superior electrical 
characteristics and provides excellent thickness and dielectric control. Materials costs for the RO4000 series 
range from slightly less than to equal those for CE, depending on volume. Processing ease of the RO4000 
series materials is comparable to FR4 and Getek. As a result, this material is well suited for wireless base 
stations, cellular infrastructure, antennas, and instrumentation applications. RO4000 series material is a 
good multilayer material and is also appropriate for many integrated system designs.�

TMM™ is noted for its temperature stability of electrical properties while offering the best electrical 
characteristics of all the high-performance materials. TMM has a high material cost and is expensive to 
process due to the composition and structure of the material. Accordingly, TMM is typically niched for use in 
very specific applications, such as non-multilayer patch antennas and filter designs that operate in a broad 
temperature range.�

Teflon-Ceramic (Rogers 3000 and 6000 series) is the workhorse material for the RF PCB market. An 
excellent multilayer material, it is used in interconnects for mid- to upper-range applications such as base 
stations, radar broadcast antennas, receiver antennas and even specialized antennas used in jet aircraft 
(ranging from 8-20ghz). Teflon is well-suited for use in multilayer boards of four to eight layers and can be 
successfully combined with other material types to create specialized PCB configurations suited to individual 
RF systems.�

Glass Weave on the other hand is best as a two-sided material. While not as stable as Teflon-Ceramic, nor 
as manufacturable in multilayer constructions as other materials, it offers good overall electrical properties 
and is inexpensive. Glass Weave may experience some variation in performance with variations in 
temperature. Glass Weave is used in spectrum analyzer front ends and bandpass filters and other low-
density, high-end applications.�

The properties of bonding agents are also an important consideration. Bonding agents fall into two classes, 
thermosets and thermoplastics.�

Thermosets offer good to excellent processability and a range of electrical properties from poor to excellent. 
They are used in low- and mid-range high-performance products. Thermosets yield very robust interconnect 
systems because they result in actual chemical bonds that cannot be reversed once set. Typical thermosets 
include FR-4, GETEK, and Speedboard C.�

Thermoplastic bonding agents have the highest electrical performance of the bonding agents. They bond by 
melting and forming a mechanical bond to the substrate. Since the bonding agent will melt whenever heated 
above its melting point, high-temperature solder processes or end-use applications need to consider the 
temperature rating of the bonding agent. Some high-performance applications require thermoplastic bonding 
agents. Many applications requiring the electrical performance of thermoplastics are candidates for 
thermosets such as Speedboard C which have electrical properties closely matched to the Rogers RO4000, 
RO3000, and RO6000 series materials.�



 


