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INTERMATEABILITY
OF SMA, 3.5 MM
AND 2.92 MM
CONNECTORS

SMA, 3.5 mm and 2.92 mm connectors
make reliable, RF components and in-
strumentation possible. These seemingly

mundane devices are the result of evolution-
ary and revolutionary design, covering a 40-
year period and involving several corporations.
In their present state, they represent highly
evolved, well-defined interface systems.

It is not widely understood that these con-
nector types are mechanically intermateable;
meaning, SMA, 3.5 mm and 2.92 mm connec-
tors, of good quality and in good condition,
will inter-mate across connector families with-
out damage. But what are the electrical rami-
fications of inter-mating of these connector
types? Can they be used interchangeably with-
out an appreciable difference in performance,
that is, will a significant impedance disconti-
nuity occur when mixing types? Were they in-
tended to be inter-mated in the first place? To
properly answer these questions calls for a
brief examination of the history and motiva-
tions behind these connectors.

THE SMA CONNECTOR
The SMA connector first appeared in the

late ’50s as the “BRM,” manufactured by the
Bendix Scintilla Division. In the ’60s it was
popularized as the “OSM,” manufactured by
Omni Spectra. In 1968 it received the “SMA”
(Sub-miniature A) designation that we know
today. The SMA connector uses a solid dielec-
tric interface as opposed to an air dielectric.
By definition, an air interface connector can-
not have the designation “SMA.” Performance
is rated to 18 GHz, but higher frequency vari-
ants are available.

The SMA was designed as a miniaturized,
economical connector for system application.
It was never intended to be a precision con-
nector for the laboratory. As it is only rated for
500 mate/de-mate operations, it was designed
for use in semi-rigid cable assemblies and
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components not requiring frequent
connect/ disconnect.

THE 3.5 MM CONNECTOR
The 3.5 mm connector was the re-

sult of a joint venture in the early ’70s
between Hewlett Packard (now
Aglient Technologies) and Amphenol.
Hewlett Packard carried out the bulk
of the development work and Am-
phenol manufactured the connector,
dubbing it the “APC3.5” (Amphenol
Precision Connector 3.5 mm).
Hewlett Packard’s design goals in-
cluded the following:
• a durable interface that would ex-
tend the upper frequency capability
of their devices to 26.5 GHz
• an interface allowing for thousands
of repeatable connections, and one

that would mate with popular SMA
dimensions

The 3.5 mm connector is rated to
26.5 GHz, with a theoretical upper
operating frequency of 34 GHz. It is
specified to possess a minimum of
3000 mate/de-mate cycles per the
IEEE P287/D3 standard (provision-
al).

The 3.5 mm connector was de-
signed to be a precision interface for
calibrated measurements of SMA-
equipped devices—it was created as a
test connector for the SMA. As a re-
sult, an SMA-to-3.5 mm interface
produces better results electrically
than an SMA-to-SMA interface. The
reason is due to an air gap that is
formed between the solid dielectric
interfaces of a mated pair of SMA
connectors, creating an impedance
discontinuity (see Figure 1).

With this information, it can be
seen that an SMA-to-3.5 mm mated
interface, using good quality connec-
tors, is an acceptable (and intended)
practice where adverse electrical per-
formance through 18 GHz should not
be expected.

THE 2.92 MM CONNECTOR
The 2.92 mm geometry with an

SMA mateable interface was devel-
oped to provide coaxial connector
performance to 40 GHz. In the mid-
’70s, Maury Microwave introduced
the MPC3 connector using the afore-
mentioned 2.92 mm geometry. With-
out an abundance of available instru-
mentation operating at 40 GHz, it
found little usage. In the early 1980s,
Weinschel Engineering utilized this
geometry in an engineering design
under a Department of Defense
(DoD) contract.

Simultaneously, Wiltron Co. began
a program to produce instrumenta-
tion operating to 40 GHz, and would
therefore use the 2.92 mm connector.
The connector and instrumentation
were introduced in 1983 by Wiltron
(now Anritsu Corp.); the term 
“K-connector” was trademarked by
Wiltron, making reference to the
connector’s frequency band of opera-
tion, the K-band. Intermateability
with the SMA was not an original de-
sign objective for the 2.92 mm con-
nector. The ability of these two con-
nector types to inter-mate grew out of
convenience; the 2.92 mm was based
upon proven SMA geometry.

BASIC ASSUMPTIONS
ESTABLISHED

Now that the basic relationship
between these three connector types
has been explained, characterizing
the electrical performance of these
connector types when inter-mated
can be addressed. It has been estab-
lished that a 3.5 mm-to-SMA mated
interface is an acceptable and intend-
ed practice, per the 3.5 mm connec-
tor design. All that remains is to
demonstrate the electrical perfor-
mance of a 3.5 mm-to-2.92 mm mat-
ed interface and a 2.92 mm-to-SMA
interface.

A FEW WORDS REGARDING WEAR
The premise of intermateability is

predicated upon connectors that are
in serviceable condition. Misaligned
center contacts or contact heights
out-of-spec, worn outer conductors—
especially in SMA designs—invite
damage and a reduction in perfor-
mance. Mating interfaces must be in-
spected and cleaned regularly. Pin
height gauges are not reserved for
metrology-grade applications; they
are a good idea for anyone working
with these connector types in fre-
quent mate/de-mate scenarios.

ELECTRICAL PERFORMANCE AT
THE CONNECTOR INTERFACE

Across the SMA, 3.5 mm and 2.92
mm connector types, a governing
factor in electrical and mechanical
performance is center contact
height—a measure of protrusion or
recession of the center contact with
respect to the connector reference
plane. Depending upon whether the
connector is a LPC (Laboratory Pre-
cision Connector)-based or GPC
(General Precision Connector)-
based design, the center contact
height has a prescribed allowable
range; temperature and wear can
impact variation within this range.
Center contact height is a compro-
mise between good mechanical per-
formance, that is, non-destructive
contact with its mating connector,
and good electrical performance.
But how does center contact height
influence electrical performance?

A mated pair of 3.5 mm connec-
tors is shown in Figure 2 under ideal
center contact height conditions. In
other words, there is minimal gap or
“zero gap” between the pin and sock-
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▲ Fig.1  A comparison of 3.5 mm, SMA and
3.5 mm-to-SMA mated interfaces (courtesy of
Maury Microwave Inc.).
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▲ Fig. 3  Simplified cut-away diagram of a
3.5 mm connector pair displaying a gap at
the reference plane.



et center contact sections at the ref-
erence plane. Gap length is a direct
result of contact height. This arrange-
ment is considered ideal as it pro-
duces the smoothest impedance tran-
sition through the mated pair. How-
ever, it will not tolerate use over a
range of temperatures; expansion at
high temperatures may cause de-
structive mating to occur.

Figure 3 shows the same mated
connector pair with the 3.5 mm pin
in a recessed condition. In this exag-
gerated example, a gap is produced at
the reference plane resulting in an in-
ductive or high impedance section.
The gap provides the necessary clear-
ance for over-temperature use, but
also introduces an impedance discon-
tinuity.

Although there are other areas of
potential variation, connector center
contact height variation plays a major
role in defining interface electrical
and mechanical performance. Good-
quality 3.5 mm, 2.92 mm and SMA
connectors—those whose interfaces
are produced in accordance to the
IEEE 287 (3.5 mm and 2.92 mm)
and MIL-STD-348 (SMA) specifica-
tions—will have their critical dimen-
sions constrained. These specifica-
tions/standards serve to support the
practice of intermating these connec-
tor types. It is important to note that
the IEEE 287 and MIL-STD-348
specifications address interface di-
mensions only; they do not touch
upon design issues associated with a
connector’s “back end” or cable inter-
face side. This issue is to be resolved
by the manufacturer.

PERFORMANCE QUESTIONS
ANSWERED

An experiment was devised to in-
vestigate the impact of center contact
height (mated contact gap) variability
on interface electrical performance

within mixed mated pairs of connec-
tor types (3.5 mm-to-2.92 mm and
2.92 mm-to-SMA, for example).

To establish a reference, electrical
performance vs. center contact height
was examined using a mated pair of
3.5 mm connectors. Single-port VNA
measurements through 26.5 GHz
were made with LPC grade 3.5 mm
connector adapters coupled to a 3.5
mm sliding load from an HP85052B
3.5 mm calibration kit. The adapter/
sliding load arrangement is shown in
Figure 4.

A sliding load was selected for two
reasons: (1) it contains a sufficiently
long 50 Ω air line section that will fa-
cilitate gate placement for time do-
main gating operations used in the
data analysis portion of the experi-
ment; (2) the center contact height of
the sliding load 3.5 mm interface is
variable via an adjustment screw lo-
cated at the rear of the sliding load.
This allows for precise control of the
gap between the 3.5 mm socket and
3.5 mm pin contacts when mated.

The experiment consists of the
following steps:
• Using the mated pair of 3.5 mm
connectors as an example, one end of
the 3.5 mm LPC grade socket
adapter was threaded into port 1 of
the VNA
• Using a center contact height
gauge, commonly called a pin height
gauge, the sliding load interface-pin
type was gauged and center contact
height was adjusted to 0.0000 inches.
• The sliding load was then threaded
onto the LPC 3.5 mm socket interface
and tightened to the appropriate
torque specification. The result is a 3.5
mm socket-to-pin mated interface
• An S-parameter measurement was
made of the 3.5 mm mated interface;
the resulting S11 data was recorded
for subsequent examination of the
mated interface’s VSWR and imped-
ance. The sliding load was removed
from the 3.5 mm socket interface and
contact height was lowered by 0.001
inches, as measured with the contact
height gauge
• Repeat Steps 3 and 4 up to a con-
tact height of –0.005 inches; the neg-
ative sign indicates a recessed condi-
tion, i.e., a position below the con-
nector reference plane

The above steps were repeated us-
ing a 2.92 mm-to-3.5 mm mated in-
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▲ Fig. 4  The adapter/sliding load
configuration (LPC grade 3.5 mm socket
adapter indicated by red arrow).

TABLE I
CONTACT HEIGHT AND DIELECTRIC HEIGHT

Adapter Type Manufacturer Socket Contact Height* Dielectric Height*

3.5 mm LPC grade Agilent Technologies –0.00012" N/Asocket-to-socket

2.92 mm GPC grade Agilent Technologies –0.00065" N/Asocket-to-socket

SMA Suhner –0.0015" –0.0025"pin-to-socket

*negative sign indicates a recessed condition in relation to connector reference plane

TABLE II
IMPEDANCE VALUES

Mated Interface Impedance Through Interface Impedance Variation
Combination Transition at Optimal Gap over Range of Gaps

3.5 mm 50.0 Ω less than 0.1 Ω

2.92 mm-to-3.5 mm 50.0 Ω approximately 0.1 Ω

SMA-to-2.92 mm 50.1 Ω 0.2 Ω



terface and an SMA-to-2.92 mm mat-
ed interface. In these instances, a
sliding load equipped with a 2.92 mm
pin type interface was used in place
of the 3.5 mm sliding load. Table 1
provides contact and dielectric height
data (if applicable) for each mating
socket interface type used in the ex-
periment.

PERFORMANCE QUESTIONS
ANSWERED: SUMMARY OF
FINDINGS

A rise in impedance occurs when
terminating the mated interface pairs
with a sliding load. This rise is due to
a limitation inherent to the sliding
load—the load’s “cut-off frequency.”
The sliding load depicted in Figure 4
is recommended for use between 2.5
and 26.5 GHz. Below 1.8 GHz, the
load displays an impedance of less
than 50 Ω. At very low frequency,
near DC, the sliding load is a short.
This irregularity causes reflected im-
pedance measurements to rise with
time, and the VSWR to tend towards
a value slightly above 1.00:1 as the
frequency tends to zero (see Appen-
dix A). With this in mind, the imped-
ance and VSWR data are accurate in
that they faithfully portray the behav-
ior of a mated pair interface under
the noted load conditions.

VSWR: In all three mated inter-
face combinations (3.5 mm-to-3.5
mm, 2.92 mm-to-3.5 mm and SMA-
to-2.92 mm), the VSWR never ex-
ceeded 1.054:1 through 26.5 GHz,
over the range of experimental center
contact gaps. The 3.5 mm and 2.92
mm-to-3.5 mm mated interfaces pro-
duced very similar VSWR results over
the range of gaps, having a nearly
identical spread in maximum VSWR
values: 1.005:1 to 1.050:1 through
26.5 GHz. The SMA-to-2.92 mm
mated interface produced a much
tighter, but overall higher spread of
maximum values: 1.038:1 to 1.054:1
through 26.5 GHz.

Impedance: Impedance was ex-
amined via a time domain step re-
sponse. As expected, the mated in-
terface impedance closely mirrored
VSWR on all mated pair combina-
tions. Out of the mated pair combi-
nations tested, the 3.5 mm mated
interface produced the most ideal
response, having a nearly flat transi-
tion occurring at a contact gap of
0.12 mils (0.00012"). A close second

in terms of ideal response was the
2.92 mm-to-3.5 mm mated inter-
face, producing a similarly flat tran-
sition at a contact gap of 2.65 mils
(0.00265"). In third place was the
SMA-to-2.92 mm mated pair, pro-
viding its best impedance transition
performance at a 1.50 mil (0.0015”)
contact gap. Additional details on
the data collection and analysis ap-
pear in Appendix A.

In Table 2, the impedance values
are corrected to 50 Ω to offset the
previously mentioned rise in imped-
ance. The table summarizes perfor-
mance when the termination consists
of a broadband 50 Ω load as opposed
to a sliding load.

CONCLUSION
The experiment’s purpose was to

investigate the influence of center
contact gap variations upon a mated
pair’s electrical performance; specifi-
cally, high frequency electrical per-
formance. Gap variability was accom-
plished by varying the center contact
height of one connector within the
mated pair. By systematically chang-
ing the gap, real-life mated connector
pair performance across mixed inter-
face types was modeled. Although
differences in performance were not-
ed, no significant advantages or dis-
advantages in electrical performance
were observed across the mixed in-
terface mated pairs. In short, the in-
ter-mixing of 3.5 mm, 2.92 mm and
SMA interface types was not found to
produce adverse performance and
significantly different results when
using connectors made by a reputable
manufacturer.

The 3.5 mm and 2.92 mm-to-3.5
mm mated interfaces produced
somewhat better results compared to
the SMA-to-2.92 mm mated inter-
face. However, these results are the
product of tightly controlled contact
heights; center contact heights on the
order of -0.00012" are not the norm
and are associated with costly, special
purpose LPC connector types. The
majority of applications employing
3.5 and 2.92 mm connectors utilize
“test grade” versions of these connec-
tor types, that is, a grade of connector
where center contact height is held at
lower levels to accommodate fre-
quent handling and use over temper-
ature, thus wider mated center con-
tact gaps will be encountered.

Test grade connectors can be
made to comply with many of the
IEEE 287 standards, but in specific
areas, designers may choose to depart
from these criteria for the sake of
ease of manufacturing and/or cost
concerns. In the end, the perfor-
mance differences between these in-
terface combinations are indeed very
small even under controlled condi-
tions. Under non-controlled condi-
tions, such as those that prevail in all
but the most demanding metrology
applications, these differences be-
come insignificant.  ■
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DETAILED ANALYSIS OF EXPERIMENT
Test Equipment Information
• Network Analyzer: Hewlett Packard 8510,
equipped with 8517 test set equipped with 2.4
mm pin port connections; operational fre-
quency range: 0.045 to 50 GHz
• Calibration Kits: For 3.5 mm and 3.5-to-
2.92 mm mated interfaces, Hewlett Packard,
Model 85038 3.5 mm calibration kit. For the
SMA-to-2.92 mm mated interface, Maury Mi-
crowave, Model 2.92 mm calibration kit. Con-
tact height gauges from the Hewlett Packard
kit were used to gauge 3.5 and 2.92 mm inter-
faces. For the SMA interfaces, gauges pro-
duced by Maury Microwave were used to
check both dielectric and center contact height
• Test Conditions: Single-port, sliding load cal-
ibration; isolation omitted. Start frequency:
0.06625 GHz; stop frequency: 26.56625 GHz,
401 points. Averaging factor during calibration:
256 points; averaging factor during measure-
ment: 125 points. No smoothing was used. A 2.4
(socket)-to-3.5 mm (pin) test port adapter from
Agilent Technologies was used on port 1
• Laboratory Conditions: Controlled at 22°,
30 percent relative humidity. All test connec-
tions thoroughly inspected and cleaned with
alcohol and allowed to dry before use. Test
connections tighten to specification using ap-
propriate torque wrench

Data Analysis
Single-port (S11) measurements were

made of each mixed mated interface pair. The
subsequent S-parameter data was stored for
retrieval and further examination using

GORE’s proprietary software package NEAT
(Network Experimentation and Analysis
Tools). NEAT emulates the front-end func-
tionality of a VNA. S-parameter data can be
viewed in both the time and frequency do-
mains. Time domain gating can be applied as
well. For each mixed mated interface pair, a
cos2x gate was used in order to remove trans-
mission path artifacts before and after the
mated-pair interface. Gates were placed on
“flat” 50 Ω sections of the time domain trace.
Sufficient margin between the time domain
gate and the feature under examination was
used so as not to influence mated pair inter-
face performance. Time domain gating was
employed as a means to focus upon mixed
mated interface performance and filter out all
other transmission line effects.

TEST DATA: 3.5 MM-TO-3.5 MM MATED PAIR
Figure 5A displays the time domain gated

impedance response of the 3.5 mm mated pair
connection. The impedance is well controlled
at a gap of 0.12 mils, then moves towards an
inductive response at a gap of 5.12 mils. As
the 3.5 mm pin contact is withdrawn from the
3.5 mm socket, the response is increasingly
more inductive.

Figure 5B demonstrates the gated VSWR
response of the 3.5 mm mated pair connection
through 26.5 GHz. The best VSWR response,
at 0.12 mils, agrees with the best impedance
response indicated in Figure 5A.

TEST DATA: 2.92 MM-TO-3.5 MM MATED PAIR
Figure 6A displays the time domain gat-

ed impedance response of the 2.92 mm-to-

3.5 mm connection. The impedance starts
off capacitive at nearly “zero gap,” then
moves towards an inductive response at a
gap of 5.65 mils. The initial capacitance is
due to the 3.5 mm’s larger diameter center
contact transitioning into the 2.92 mm
smaller center contact.

Figure 6B illustrates gated VSWR per-
formance over the range of various center
contact gaps. Note that the best VSWR per-
formance occurs at a center contact gap of
2.65 mils, which also produced the smallest
impedance discontinuity as evidenced in
Figure 6A.

TEST DATA: SMA-TO-2.92 MM MATED PAIR
Figure 7A displays the time domain gated

impedance response of the SMA-to-2.92 mm
connection. The initial impedance is induc-
tive, then increases inductively as gap widens.
The reason for this inductive behavior is tran-
sitioning from full density PTFE within the
SMA to the air dielectric of the 2.92 mm in-
terface.

Figure 7B illustrates gated VSWR perfor-
mance over the range of the SMA-to-2.92 mm
contact gaps. Note the best VSWR perfor-
mance occurs at a minimum center contact
gap of 1.50 mils, which also produced the
smallest impedance discontinuity as evidenced
in Figure 7A. The VSWR and impedance data
tell us this particular interface is primarily in-
ductive. By reducing the center contact gap,
the interface is being compensated, going
more and more capacitive to offset the inter-
face’s inductive tendency.

APPENDIX A
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▲ Fig. 5  The time domain gated impedance
response (a) and gated VSWR response (b) of
the 3.5 mm mated pair.
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▲ Fig. 6  The time domain gated impedance
response (a) and gated VSWR response (b) of
the 2.92 mm-to-3.5 mm connection.
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▲ Fig. 7  The time domain gated impedance
response (a) and gated VSWR response (b) 
of the SMA-to-2.92 mm connection.


