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The 1.35 mm connector was created in response to the need for a robust mechanical connector 
for commercial opportunities up to E-Band, such as satellite and mobile communications and 
automotive.

M oore’s Law was named after 
Gordon Moore, cofounder of 
Intel. In 1965, Moore observed 
that the number of transistors 

in a dense integrated circuit doubled about 
every year. By 1975, the industry unofficially 
dubbed this Moore’s Law, and Moore modi-
fied his prediction to state the doubling 
would occur every two years.

A similar, less formalized axiom in the 
world of connectors is a relationship to fre-
quency. In the early 1960s, the 14 mm preci-
sion connector was developed to operate to 
8.5 GHz, followed by a succession of con-
nector designs to reach higher frequencies: 
7 mm, precision Type N, 3.50 mm, 2.92 mm, 
2.40 mm, 1.85 mm and 1.00 mm. A loose 
corollary to Moore’s Law was a 20 to 30 per-
cent increase in frequency with each new 
connector design. The final leap between 
the 1.85 mm connector, with a maximum fre-
quency of 65 GHz, to the 1.00 mm connec-
tor, with a maximum frequency of 110 GHz 
and encompassing both E- and W-Bands, is 
a 70 percent increase in frequency. This dou-

ble band jump left an opening for a connec-
tor for E-Band. Twenty years later when the 
1.00 mm connector was commercialized and 
some deficiencies were realized, the charac-
teristics and design of the 1.35 mm connec-
tor was conceived.

Technological innovations are typically 
driven by research or a commercial applica-
tion and a corresponding industry supplier. 
For 1.00 mm connectors, the supplier was 
Hewlett-Packard, and the connector was for-
mally proposed as a standard (IEEE Std 287-
2007) in 1989. However, the first commercial 
quantities of 1.00 mm connectors were not 
available until 2010. At higher frequencies, 
physics constrains the implementation of 
features such as captivation and connector 
thread pitch, and the size associated with 
these higher frequencies results in the 1.00 
mm connector being less rugged. Initially, 
this was not a problem, since the users com-
prised mostly research facilities that under-
stood how to handle sensitive connectors 
and cable assemblies.

With deregulation of these frequency 
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bands and applications becoming 
more cost effective, the commercial 
world has begun to realize the po-
tential. A group of commercial appli-
cations, namely automotive and sat-
ellite/mobile communications, reside 
below 90 GHz in E-Band, and they 
require large numbers of assemblies 
that must also be rugged and cost 
effective. In 2014, SPINNER GmbH 
decided these applications would 
benefit from a rugged connector with 
some but not all of the W-Band con-
nector attributes. Leveraging V- and 
W-Band connector design features, 
SPINNER began developing a 1.35 
mm E-Band connector with the more 
rugged construction of the V con-
nector and broadband performance 
to at least 90 GHz. SPINNER teamed 
with Physikalisch-Technische Bunde-
sanstalt, the national metrological 
institute of Germany; Rosenberger; 
and Rohde & Schwarz to define and 
develop the 1.35 mm interface. The 
resulting design was proposed to 
the IEEE P287 committee, a group 
revising the IEEE Std 287-2007 for 
precision coaxial connectors, which 
decided to include the 1.35 mm con-
nector in the next edition of the stan-
dard. In parallel, the interface design 
was also submitted to IEC, which will 
publish it as IEC 61169-65.

1.35 MM CONNECTOR DESIGN
For the 1.35 mm connector inter-

face, several development require-
ments were defined and realized 
(see Table 1). The table shows the 
requirements, comparing them with 
the other two existing connectors 
(1.85 mm and 1.00 mm) covering 
the adjacent frequency bands. Ta-
bles 2 and 3 are extracts from the 
1.35 mm connector’s electrical and 
mechanical interface specifications, 

 Fig. 1  1.35 mm connector pin and 
socket.

TABLE 1
CONNECTOR REQUIREMENT AND CONFORMITY

Requirement 1.85 mm 
(V Connector)

1.35 mm 
(E Connector)

1.00 mm 
(W Connector)

Pin and Socket Design with Air Dielectric 
Interface 

Two Different Connector Quality Levels 
(Like the IEEE “Metrology Grade” and 
“Instrument Grade”)

Upper Operating Frequency of ≥ 90 GHz 65 (70) GHz 90 (92) GHz 110 (120) GHz

Robust Design: Not Over-Miniaturized, Big  
Centering Cylinder & Large Contact 
Surface

Fine Threaded Coupling Nut Prevents 
Loosening M7 x 0.75 M5.5 x 0.5 M4 x 0.7

Socket Connector Equipped with 
Locking Groove to Allow for Push-On Pin 
Connector

“Thru Male” Capability with a Standard 
Semi-Rigid Cable 0.086 in. 0.047 in.

Applicable Locking Torque of 1.6 Nm 
without Plastic Deformation of Outer 
Conductor

Coupling Nut with Flat Size of 8 mm 7 or 6.35 mm 
Option 6 mm

Accepts Same Wrench as the 3.50, 2.92 
and 2.40 mm Connectors (Equal Size and 
Torque)

(GREEN = CONFORM, RED = NOT CONFORM)

TABLE 2
1.35 MM CONNECTOR ELECTRICAL SPECIFICATIONS

Description Instrument Grade Metrology Grade

Characteristic Impedance 50 ± 0.25 Ω  50 ± 0.15 Ω

Guaranteed Upper Operating Frequency 90 GHz

Unsupported Air Line H11 Cutoff Frequency 98.5 GHz

|S11| –20 dB –24 dB

|S11| Repeatability –43 dB –48 dB

Insertion Loss 0.05 dB

Insertion Loss Repeatability 0.03 dB at 90 GHz

Transmission Phase Repeatability 1° at 90 GHz

Electrical Length Tolerance ±75 µm

Shielding Effectiveness –90 dB

TABLE 3
1.35 MM CONNECTOR MECHANICAL SPECIFICATIONS

Description Specification

Outer Conductor Inside Diameter 1.35 mm (0.053 in)

Inner Conductor Outside Diameter 0.586 mm (0.023 in)

Connect/Disconnect Life 3000 cycles

Coupling Torque 0.9 Nm (8.0 in-lb)  

Maximum Safety Torque 1.65 Nm (14.6 in-lb) 

Coupling Thread M5.5 x 0.5

Coupling Nut Wrench Size 8 mm (7 or 6.35 mm for Special Applications)
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of a cable with a tape layer to the 
cable entry portion of the connec-
tor. This involves consideration of 
the tolerances for each of the strip 
lengths of the individual cable lay-
ers, i.e., the inner conductor, outer 
conductor and outer braid. In addi-
tion, each individual layer consists 
of a different base material, which 
necessitates a tailored stripping 
approach. While the intellectual 
understanding of soldering a two-
stage ferrule is well understood, at 
mmWave wavelengths an iterative 
termination process was required 
—each time improving, learning 
and discovering. While the science 
of thoroughly documenting each 
step is important, equally important 
is the art of the skilled, experienced 
and intuitive technician.

The confluence of art and science 
is even more crucial in the soldering 
process. There is no concept of a 
precise application of heat in a non-
automated soldering process, which 
is how the 1.35 mm cable assemblies 
are manufactured. Also, there are 
many dissimilar materials in the cable 
construction (e.g., PTFE, steel and 
copper) with individual coefficients 

 Fig. 3  1.35 mm connector mating, 
showing engagement of the outer 
conductor centering cylinder (a) and 
engagement of the inner conductor pin (b).

(a)

(b)

 Fig. 2  Longitudinal cross-section of the 1.35 mm pin and socket.

Coupling
Nut

Centering
Cylinder

Contact
Pin

Locking
Groove

Socket Connector

Contact
Surface

Pin Connector

respectively. The complete speci-
fications and all drawings will be 
published in the next edition of the 
IEEE Standard.

A 3D view of the 1.35 mm inter-
face is shown in Figures 1 and 2. 
The overall design avoids any un-
necessary over-miniaturization, mak-
ing it strong and robust, even for a 
frequently used front panel connec-
tor on a test instrument. The pin 
connector features a relatively large 
centering sleeve (3.5 mm × 2.6 mm). 
When the pin and socket connectors 
are mated, the outer conductor is 
guided precisely before the center 
conductors make contact (see Fig-
ure 3). The large size of the center-
ing sleeve together with the fine 
thread (M5.5 × 0.5) of the coupling 
nut ensures the robustness of the 
interface. The interface has a large 
contact surface to avoid plastic de-
formation of the contact area, even 
when operated with a maximum 
locking torque of 1.6 Nm (14.6 in-lb). 
This is the precondition for the op-
erational coupling torque of 0.9 Nm 
(8.0 in-lb), which is the same as for 
the lower frequency 3.50, 2.92, 2.40 
and 1.85 mm connectors. The diam-
eter of the contact pin is equal to the 
nominal center conductor diameter 
of a standard 0.047 in. semirigid 
cable (MIL-DTL-17/151). This feature 
enables the design of high quality, 
low budget “thru male” pin connec-
tors. The 1.35 mm socket connector 
is equipped with a standard locking 
groove, which allows mating with an 
optional push-on type pin connec-
tor.

CABLE ASSEMBLY 
CHALLENGES AND CHOICES

In the world of mmWave con-
nectors, the three cornerstones of 
design are tolerances, tolerances 

and tolerances. From the previous 
connector design discussion, di-
mensional integrity was enforced 
with various design choices, such 
as a centering sleeve on the pin 
side and a locking groove on the 
socket side. The connector is cre-
ated from several machined parts 
whose dimensional integrity is lim-
ited by the sophistication and pre-
cision of the machining process. 
For a cable assembly there are 
additional factors, including cable 
construction, cable preparation 
(i.e., stripping three layers: the 
inner conductor, outer conductor 
and outer braid) and soldering 
the layers. The machined connec-
tor parts are metal (e.g., stainless 
steel and beryllium copper) and 
harder plastics (e.g., Ultem) that 
are manufactured to defined toler-
ances.

Applying tolerances to a cable 
that consists of multiple layers and 
materials that move in relation to 
one another, as well as applying 
heat to a solder joint, requires art 
as well as science. There are mul-
tiple, established cable designs; 
for this application, the combina-
tion of an extruded PTFE core for 
strength and robustness, a helical 
wrap outer conductor for superior 
electrical performance and stability 
and an outer braid for strength were 
chosen. Initial testing revealed elec-
trical performance instabilities at E-
Band that were not apparent at V-
Band and below. Adding a layer be-
tween the outer conductor and the 
outer braid reinforced the rotational 
integrity of the helical wrap, provid-
ing extra dimensional support and 
eliminating the instabilities.

The solution to this problem un-
derscores the known difficulty of 
the preparation and termination 
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5. Table 2 specifies the upper fre-
quency to be 90 GHz and the theo-
retical cut-off to be 98.5 GHz. From 
the data, the connector modes 
close to 98 GHz.

Figure 6 shows the time domain 
performance of the cable, which 
quantifies impedance mismatches 
at different sections of the assem-
bly out to 800 ps, which includes 
the end of the VNA test port, the 
adapters, the connector and a por-
tion of the cable. The Y axis shows 
the impedance deviation from 50 
Ω. The calibration point at 0 ps is at 
50 Ω. Between markers 1 and 2 is 
the 1.00 mm to 1.35 mm adapter, 
which is matched to the network an-
alyzer and connector. Before marker 
3, which is at the end of the ferrule 
section of the connector, there is a 
2 Ω mismatch caused by dielectric 
expansion, which occurred when 
the ferrule was heated for solder-
ing. Fine tuning this pre-production 
connector design included chang-
ing the inner diameter of the fer-
rule, with a 1 mil change lowering 
the inductive reflection and improv-
ing the VSWR.

LAUNCHING THE 1.35 MM 
FAMILY

With the connector and cable de-
velopment complete, the cable as-
sembly and manufacturing process-
es are being fine-tuned to support 
an early October product launch. 
The 1.35 mm connector system—
comprising the calibration kit, rotary 
joint, inter-series adapter, printed 
circuit board connectors and cable 
assemblies—are available. Near-
term development plans include a 
waveguide to 1.35 mm adapter for 
hybrid applications.

The 1.35 mm connector was cre-
ated to fill the need for a robust me-
chanical connector “up to E-Band,” 
to support the satellite and mobile 
communications and automotive 
sectors. The commercial release fol-
lows a five-year gestation from the 
definition of standards to the avail-
ability of products. The evolution of 
connector technology will continue, 
with 5G and future generations an-
ticipating systems operating to 140 
GHz—driving the exploration of a 
commercial 0.8 mm connector.n

formance degrada-
tion.

There are ef-
fectively a series 
of micro-environ-
ments in the cable 
to connector in-
terface, starting 
with the soldering 
of the outer braid 
portion of the fer-
rule, proceeding 
to the outer con-

ductor portion of the ferrule and 
transitioning to the rear portion of 
the connector. The goal is to keep 
each of these sections as close to 
50 Ω as possible. If there must be 
an impedance difference in the 
connector, the transition should 
be gradual. When soldering the 
cable to the connector, the heat 
expands the PTFE dielectric. For 
this size cable (0.055 in. diameter) 
a 1 mil change in the diameter of 
the extruded dielectric results in a 
change of 1 Ω. In practice, analyz-
ing and compensating each micro-
environment of impedance is not 
possible. What is possible is hon-
ing the manufacturing process by 
minimizing heat and creating tool-
ing that enables precise trimming 
and measurement during cable 
preparation. Then the manufac-
turing technicians use their accu-
mulated skills and experience to 
manufacture the cable.

PERFORMANCE
The following data represents 

the performance of connector in 
pre-production. Figure 4 shows the 
broadband VSWR response; the 
highest VSWR is 1.16:1 at 51 GHz, 
dropping slightly to 1.13:1 at the 
upper frequency of 90 GHz. When 
these measurements were made, 
the 1.35 mm calibration kit was still 
being developed (it has since been 
finished), so the VNA was calibrated 
to 110 GHz using 1.35 to 1.00 mm 
adapters over the full bandwidth. 
To eliminate the contribution of the 
adapters, the calibration comprised 
11,000 points to use the VNA’s gat-
ing function. The VSWR readings 
are gated to the end of the pair of 
adapters. The insertion loss of the 
cable assembly is plotted in Figure 

of thermal expansion and minutely 
non-symmetrical construction (e.g., 
a helical wrap that creates an internal 
spiral to mimic a smooth cylinder). L- 
through Q-Band cable constructions 
are more forgiving to the applica-
tion of heat and the imprecision of 
the mechanical connections. Starting 
with V-Band and quite dramatically 
at E- and W-Band, small mechanical 
variations translate to electrical per-

 Fig. 4  1.35 mm cable assembly VSWR measured with 1.35 
to 1.00 mm adapters gated out of the measurement.
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 Fig. 5  Measured |S21 | including the 
1.35 to 1.00 mm adapters.
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 Fig. 6  Time domain measurement of 
the connector showing a 2 Ω mismatch, 
caused by dielectric expansion when the 
ferrule was heated for soldering.
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