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The evolution of electronics technology is driving communications data transfer rates, which 
means larger bandwidth. To get larger bandwidth, systems must move up in frequency, and 
moving up in frequency to get more bandwidth requires higher performance connectors.

W-Band applications, i.e., from 75 to 110 GHz, 
have grown significantly over the last few 
years, such as automotive radar and wire-

less communications backhaul. To support the devel-
opment and production of these and future systems, 
broadband device characterization extending beyond 
110 GHz, i.e., into D-Band, is required. To address this 
need, Anritsu has developed the first 0.8 mm connec-
tor.

For a new frequency band, connectors were histori-
cally created ahead of or in parallel with the test and 
measurement equipment supporting the applications. 
Connectors like K, V and W1 have enabled new test 
equipment capabilities. In some cases, the connector 
was developed first, with the equipment developed 
quite a few years later, like the 1 mm connector, which 
extended coaxial measurements to 110 GHz.

Typically, waveguide has been used for intercon-
nections at the higher end of the frequency spectrum. 
Waveguide accomplishes the task of sending signals 
through devices with low loss; however, it is not the 
optimal solution. As a frequency-banded component, 
waveguide lacks the advantage of broadband frequen-
cy coverage and single-sweep measurements. Wave-
guide adds complexity for any measurement to char-
acterize broadband performance from low frequency to 
mmWave frequencies past 110 GHz.

Coaxial connectors are preferred for interconnec-
tions, especially for test and measurement. They have 
advantages like single-sweep capability, ease of use for 

measuring and testing devices and frequency scalability. 
Coaxial connectors avoid impedance variations between 
interfaces, like coaxial to waveguide, which introduce un-
certainty.

DESIGN CONSIDERATIONS
To understand the 0.8 mm connector design, consid-

er the electrical and mechanical characteristics of a con-
nector. IEEE P287 is the standard for precision coaxial 
connectors covering DC to 110 GHz, outlining the elec-
trical and mechanical properties for connectors down to 
1 mm. IEEE P287 does not currently define the 0.8 mm 
connector; however, because frequencies above 110 
GHz will be important in the future, 0.8 mm will eventu-
ally be included in the spec. The electrical characteris-
tics of a connector define the frequency coverage and 
impedance, while the mechanical characteristics ad-
dress how the connector design supports repeatability 
and mating. Combined, these characteristics, which are 
generally listed in a technical datasheet, are important 
design considerations.

The upper frequency of a connector is determined 
by the equation
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where fc is the air cutoff frequency, c is the speed of light 
(3 × 108 m/s), ϵr is the relative permittivity, μr is the rela-
tive permeability and λc is the line length.1 For the 0.8 
mm connector, fc is approximately 166 GHz, assuming a 
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Impedance is a primary electri-
cal requirement, because system 
performance is based on the abil-
ity to prevent or design around im-
pedance mismatch. For connectors 
in this frequency range, 50 Ω is the 
standard impedance; designs must 
ensure that the connector and all 
internal parts are as close to this 
impedance as possible. Impedance 
must be well controlled for a con-
nector that spans from DC to above 
110 GHz. The center conductor and 
dielectric support beads play crucial 
roles keeping the impedance within 
an acceptable tolerance.

Most mechanical characteristics 
are defined by a connector stan-
dard, such as IEEE P287, which 
outlines the mechanical properties, 
such as coupling nut tolerances,  
line size and dimensions. The stan-
dard assures mechanical compat-
ibility between connector manufac-
turers. While the general mechani-
cal assembly is outlined, additional 
connector details are required to 
ensure good performance: slot-less 
or slotted, pre-alignment before 

mating and envi-
ronmental classi-
fication based on 
the end product.

THE 0.8 MM 
CONNECTOR

Moving up in 
frequency past W-
Band starts with the 
requirement that 
the new connector 
must provide low 
insertion loss with 
metrology-grade 
and mode-free 
performance to 
the desired upper 
frequency. This is 
not easy, requiring 
many design deci-
sions. The 1 and 
0.8 mm connectors 
are similar—they 
are very close in 
mechanical size 
and share many ex-
ternal physical sim-
ilarities—however, 
there are many in-
ternal differences 
(see Figure 1). 

quency. Although the 0.8 mm con-
nector does not have a defined 
maximum frequency, which is still to 
be specified, connectors operating 
to 145 GHz are commercially avail-
able. A summary of RF connector 
types, including the 0.8 mm, is pro-
vided in Table 1.2

perfect air dielectric. This maximum 
frequency is hard to achieve; the ac-
tual usable frequency is a percent-
age of the ideal because the inter-
nal components of a connector in-
troduce transitions between air and 
the various materials, creating reso-
nances that degrades the upper fre-

TABLE 1
COAXIAL CONNECTOR ELECTRICAL AND MECHANICAL PARAMETERS

Connector
Air Cutoff 
Frequency 

(GHz)

Maximum 
Rated 

Frequency 
(GHz)

Pin Gap  
Impedance 

(Ω)

Center 
Conductor 

(mm)

Size of Bead 
(mm)

Type N 19.4 18 NA 3.04 NA

SMA NA 18 NA 1.27 NA

3.5 mm 38.8 33 80 1.52 3.6

2.92 mm 46 40 69 1.27 3.05

2.4 mm 56 50 93 1.042 2.1

1.85 mm 73 70 77 0.803 1.5

1 mm 133 110 83 0.434 1.15

0.8 mm 166 TBD 82 0.347 0.559

0.6 mm 222 TBD 65 0.26 0.406

0.4 mm 332 TBD 63 0.174 0.28

s Fig. 1  1 mm (a) and  0.8 mm (b) 
connectors. 

(a)

(b)

s Fig. 2  Male center pins: 100 percent concentric (a), not 
concentric (b).

(a)

(b)
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for RF or high speed digital, the 
connector should be designed and 
built to provide performance that 
makes the connector transparent in 
the measurement environment.

What does it take to get the con-
nector’s upper frequency past 110 
GHz with good impedance match-
ing, metrology-grade performance 
and a mechanical design that makes 
it durable and performing well? It 
requires identifying the mechani-
cal issues influencing performance 
above 110 GHz, quantifying and 
correlating simulations with fab-
ricated connectors and exploring 
materials for novel new assemblies. 
Because the scope of the design is 
so wide, this article focuses on the 
mechanical issues and new assem-
blies.

CONCENTRICITY AND 
IMPEDANCE

Mating two connectors to pass 
signals is the starting point for trans-
ferring data, accomplished through 
a pin and slotted receptacle. Pub-
lished literature describes various 
mechanisms for mating connectors 
to 110 GHz. Often, what is not de-
scribed is that designers must ac-
count for repeatable and proper 
concentricity as the dimensions for 
both the pin and slotted receptacle 
get smaller. The performance of a 
connector is only as good as how 
well it mates with another connec-
tor. Concentricity describes how 
balanced and centered the male or 
female mating receptacle is. Ideally, 
the concentricity would be 100 per-
cent. Without sufficient concentric-
ity, proper mating will be impossible 
and damage to the connector inevi-
table (see Figure 2).

Concentricity is a mechanical pa-
rameter, and decisions to address 
it will affect the connector’s electri-

While some 1 mm technology could 
be leveraged, the 0.8 mm connec-
tor needed several new design ele-
ments to optimize performance.

In the frequency domain, a good 
interface should minimize insertion 
loss to minimally degrade the loss 
budget of a system. Unknown im-
pedances between interconnects 
can cause reflections, affecting in-
sertion loss even before the signal 
reaches the device being tested. 
The signal should be preserved 
between interfaces. Impedance 
variation is also an issue in the time 
domain, so the eye diagram of an 
interface should have an optimal 
opening to ensure a clear and un-
distorted signal. The eye diagram 
is a figure of merit for designers 
creating digital circuits operating 
to mmWave frequencies. Whether 

cal performance. One approach 
to ensuring proper concentricity is 
evaluating the subassembly. For 1 
mm connectors, the assemblies are 
threaded and easily manufactur-
able. The thread assembly removes 
the need for very fine tolerances. 
Concentricity, in this case, is trivial. 
Because the 0.8 mm connector 
requires accuracy over a broader 
frequency range—theoretically up 
to 166 GHz—tolerances cannot be 
relaxed. Assembly tolerance error 
will determine whether a pin or re-
ceptacle will sit perfectly in the cen-
ter of the connector, so assemblies 
must account for this. Press fitting 
the 0.8 mm parts is the alternative 
to threaded assembly. Press fitting 
the connector allows for shorter 
connectors and improves concen-
tricity, since the distance from the 
reference plane to the support 
bead is shorter.

After changing assemblies from 
threaded to press fit for proper mat-
ing, the next obstacle is controlling 
the impedance, choosing the right 
internal components to keep the im-
pedance close to 50 Ω. The 0.8 mm 
connector, like most high frequency 
connectors, has a center conductor 
requiring support beads, which is an 
integral part of the design for both 
the connector and housing. Several 
types of beads can support a con-
nector’s center conductor, with vari-
ous impedance profiles and dielec-
tric signatures. The support bead 
must provide mechanical stability 
and minimize reflections through 
the connector. Support bead de-
sign is critical to the overall electri-
cal performance, the key parameter 
being the impedance. The center 
conductor support bead, in the 
middle of the connector and in the 
path of the RF signal, has holes to 
simulate air dielectric. To minimally 
influence the signal passing through 

s Fig. 3  A generic support bead 
(a) reflects the RF signal, while an 
impedance controlled support bead (b) 
minimizes reflections.
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s Fig. 4  Measured insertion loss (a) and phase (b) of an Anritsu 0.8 mm female-to-female adapter, from 100 MHz to 145 GHz.
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it requires a controlled impedance with tight tolerances, 
to get the support bead impedance as close to 50 Ω 
as possible to avoid reflecting signals and degrading 
performance (see Figure 3).

In the initial phase of creating the 0.8 mm connec-
tor, we tested various beads and found that many of 
them, including glass, have impedance tolerances of 5 
percent of the nominal value. For a metrology-grade 
connector, impedance control must be better than 5 
percent. This bead should be transparent to the mea-
surement. After much testing and research, a proprie-
tary, high temperature bead was developed that offers 
the desired performance: good VSWR and low inser-
tion loss, as well as ensuring mechanical stability and 
environmental ruggedness. Using a proprietary Anritsu 
bead enabled an 0.8 mm connector with a typical inser-
tion loss of 0.5 dB at 145 GHz.

Another design consideration is whether the con-
nector should be compatible with 1 mm connectors. By 
choice, the 0.8 mm connector is not compatible with 
the 1 mm connector, as damage will occur when mating 
them. This was addressed by adding a fine thread to 
the connector to prevent the 0.8 mm from mating with 
a 1 mm connector, also preventing the connector from 
becoming loose during operation.

TESTING AND PERFORMANCE
After much design and evaluation, the finished 0.8 

mm connector has a typical insertion loss of 0.6 dB from 
low frequencies to 145 GHz. After achieving this perfor-

mance in the connector, Anritsu applied the same tech-
nology to cables and adapters. An 0.8 mm female-to-
female adapter, tested with a 145 GHz vector network 
analyzer (VNA), has less than 0.5 dB insertion loss and 
linear phase response (see Figure 4).

To assess the time domain performance for appli-
cations using an 0.8 mm connector to carry a digital 
signal, Figure 5 shows the eye opening of the same 
Anritsu female-to-female adapter with a 90 Gbps data 
rate signal; Figure 6 shows a 90 Gbps PAM 4 signal, 
both measured with a VNA with non-return-to-zero and 
PAM 4 eye diagram options. Both figures show excel-
lent performance with high speed digital signals.

AVAILABILITY
The 0.8 mm connector technology provides metrolo-

gy-grade performance from DC to 145 GHz and is cur-
rently the only 0.8 mm connector on the market. Anritsu 
is integrating this platform in new components and test 
systems, such as screw-in sparkplug connectors, cables 
and test equipment. The 0.8 mm sparkplugs are pin 
and socket connectors covering DC to 145 GHz with 
0.7 dB (typical) insertion loss. Anritsu has developed ar-
mored semi-rigid cables with 0.8 mm male-to-female 
connectors, available in 10 cm and 16 cm lengths. The 
cables have excellent insertion loss and return loss per-
formance.

Anritsu test equipment with the 0.8 mm connector 
provides coaxial frequency coverage to 145 GHz. The 
VectorStar VNA with optional mmWave modules and 
0.8 mm connectors covers from 70 kHz to 145 GHz with 
one sweep. An 0.8 mm calibration kit for the VectorStar 
VNA includes metrology-grade adapters and standards 
for the highest performance.n
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s Fig. 5  90 Gbps eye diagram of the Anritsu 0.8 mm female-
to-female adapter.
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s Fig. 6  90 Gbps PAM 4 signal through the 0.8 mm female-
to-female adapter.
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