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Introduction

As the need to make accurate
measurements at greater micro-
wave frequencies grew, a new type
of connector to make these meas-
urements was needed. The 3.5
mm precision connector evolved to
meet this need and is now regular-
ly used on network analyzer test
ports. These precision connectors,
in conjunction with good quality
calibration kits, provide an inter-
face that supports high quality
measurement up to 26.5 GHz.

For many applications, the de-
vices or components to be mea-
sured have SMA or 2.92 mm con-
nectors, because they are easier
to make and less costly, while
meeting the specifications for the
devices. Although the 3.5 mm con-
nectors mechanically interface with
SMA and 2.92 mm without the
need of an adapter, there is a dis-
continuity at the interface that
needs to be resolved. The disconti-
nuity, shown in Figure 1, results in

(NOMINAL VALUES FOR ZERO GAP)

TEST-PORT DUT
CONNECTOR  CONNECTOR

e I
I T

1.52 mm 1.27 mm
T
Fig. 1 The discontinuity of the 3.5
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Fig. 2 The shunt susceptance model
of the connector interface.
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degraded effective directivity and
port match (similar to the effect in-
troduced by an adapter) and re-
duced measurement accuracy.

A connector compensation tech-
nique is available to minimize the
effect of this connector discontinuity
and improve measurement accura-
cy. The technique is applicable to
3.5 mm/SMA, 3.5 mm/2.92 mm
connections, and to other connector
families that are dissimilar yet me-
chanically compatible, such as 2.92
mm/SMA and 2.4 mm/1.85 mm.
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Fig. 3 The calculated values and
optimized model of the 3.5 to 2.92 mm
connector interface discontinuity.

Connector Compensation
Technique

This connector compensation
technique assumes that the dis-
continuity at the interface is abrupt
and that the transmission lines on
either side of the discontinuity
have a characteristic impedance of
50 Q. With these assumptions, the
discontinuity can be modeled reli-
ably as a single shunt suscep-
tance,! as shown in Figure 2,
where C = Cy + C4f + Cf2 + Cafd.
There is invariably a gap in the
center conductor of a mated pair of
connectors due to the pin setback,
which is necessary to ensure reli-
able mechanical connection with
realistic mechanical tolerances.
Calibration standards and test
ports are usually designed to
approach zero center conductor
setback with the inner and outer
conductors at the same plane. Af-
ter calibration, a test port connec-
tor with zero setback has inner and
outer conductors that are electri-
cally flush. It is assumed that any
center conductor gap will be mea-
sured as part of the device under
test (DUT).

In this technique, a CAE finite
element solver? is used to deter-
mine the S-parameters, providing
a model for the connector inter-
face. A susceptance model is opti-
mized that best fits the finite ele-
ment data. The resulting values
are then used to compensate the
corresponding connector pair. Fig-
ure 3 shows the calculated and
modeled traces for a 3.5 mm to
2.92 mm airline interface and the
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difference between the vectors and
phases for Sy;.The vectors agree
within —80 dB and 1¢

Similar calculation and modeling
was done to determine the capaci-
tance coefficients for several con-

TABLE |
CAPACITANCE COEFFICIENTS
Connector Ca C, C; C;
Combination (fF) (aF/GHz) (aF/GHz?) (aF/GHz3)
3.5 mm/2.92 mm 6.956 -1.026 -0.014 0.0028
3.5 mm/SMA 5.959 -11.195 0.508 -0.0024
2.92 mm/SMA 13.420 -1.945 0.546 0.0159
2.4 mm/1.85 mm 8.984 -13.992 0.324 -0.0011
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nector combinations, as listed in
Table 1. These calculations were
based on the nominal dimensions
specified by the IEEE standard® for
the connector types. If connector
dimensions meet those nominal di-
mensions, these values can be
used in the polynomial series ca-
pacitance equation. If not, recalcu-
lation for any changes in the di-
mensions from the nominal values
will be necessary.

With the interface discontinuity
calculation and modeling complete,
it is a straightforward procedure to
apply the compensation to a vector
network analyzer measurement.
The network analyzer is calibrated
over the frequency range of interest
at the test port (or ports) and stored
as a calibration set. It is not neces-
sary for both test ports to employ
the same connector type. Any con-
nector that can be mated to the
DUT will suffice as long as a cali-
bration kit is available that matches
the test-port connector type. The
error correction coefficients are
modified to include the appropriate
discontinuity model for the DUT
connector. Then, the modified error
correction coefficients are stored as
a separate calibration set, and the
device to be tested is connected
and measured using the modified
calibration set.

By switching between calibration
sets, it is easy to evaluate the effect
of the compensation. The effects of
the center conductor gap can also
be included in the error correction
coefficients, although this will give
an artificially optimistic measure-
ment of the DUT's performance.

This connector compensation
technique is included in the operat-
ing firmware of the latest network
analyzer (revision 7.0) and can be
applied with the touch of a button.
This firmware also makes it easy
to compare measurements with
and without correction, and to
change the values of the compen-
sation coefficients to accommodate
different connector pairs or varia-
tions in mechanical dimensions.

Measurement Results

To validate this technigue, a net-
work analyzer test set was used.
The 3.5 mm test-set test port was
measured with a gauge to verify it
was within specification. The test

[Continued on page 95]
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port was calibrated in the usual
way with good quality standards, a
sliding load, and short and open
circuits. Then the calibration was
verified with a 3.5 mm airline.
Figure 4 shows the results of
connecting a 2.92 mm airline/load
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Fig. 4 The frequency domain
measurements of a 3.5 to 2.92 mm
connector interface.
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combination with the 3.5 mm test
port. By implementing the compen-
sation technigue, an improvement
of about 10 dB is achieved, al-
though a ripple remains, as seen in
the time-domain response in Fig-
ure 5. This ripple is due to the mis-
match of the load element.

Similar behavior occurs with a
calibrated, exactly flush, 2.4 mm
test port when measuring a 1.85
mm airline terminated with a
fixed load, as shown in Figure 6.
The performance improvement

achieved with compensation be-
comes evident where the return
loss of the airline/load combination
is below —30 dB up to 50 GHz over
the entire frequency range. Inter-
esting insights are gained from ex-
amining the time-domain transfor-
mations of the data. As shown in
Figure 7, without compensation,
the return loss of the interface dis-
continuity dominates the response;
with compensation, the connector-
interface effect is reduced by near-
ly 30 dB, and because of the quali-

Fig. 5 The time domain measurements
of a 3.5 to 2.92 mm connector interface;
(a) the step interface and (b) the load.
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Fig. 6 The frequency domain
measurements on a 2.4 to 1.85 mm
connector interface.
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Fig. 7 The time domain (bandpass)
measurements of a 2.4 to 1.85 mm
connector interface; (a) the step
interface and (b) the load.
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ty of the airline, the response of
the load is displayed. As shown in
Figure 8, the impulse response45
clearly demonstrates that the inter-
face discontinuity is purely capaci-
tive and completely removed by
the compensation.

In Figure 9, the step time-do-
main response shows that a small
residual bump remains in the cor-
rected response, which is due to
the 0.0005" center conductor set-
back of the test port, that is the in-
ner and outer conductors are not

at the same plane.
——— WITHOUT COMPENSATION In Figure 10, by removing the
—— WITH COMPENSATION response of the load using a gate
0) in the time domain, the effect of the
8 compensation on the test port re-
4 (b) turn loss can be demonstrated. By
g examining this series of plots, the
2 0 - o effects on measurement accuracy
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Fig. 9 The effect of a 0.0005" test port
center-pin setback on the time domain
response; (a) step interface
and (b) the load.

Fig. 11 An APC-3.5 to SMA interface.

that the interface discontinuity
causes and conneclor compensa-
tion minimizes can be more clearly
understood.

The SMA Problem

Although the described tech-
nique can be used successfully to
compensate measurements when
one of the connectors is an SMA
type, in practice there is a major
problem due to the considerable
variability of the SMA interface, as
shown in Figure 11. Earlier studies
documented some good argu-
ments in favor of compensating for
the interface discontinuity between
SMA and other mechanically com-
patible connectors.5 However, the
only way the data were obtained
was by using a high precision stan-
dard that was a metrology-grade
airline specially made to SMA di-
mensions.

With compensation, better accu-
racy will be obtained when mea-
suring a device with an SMA con-
nector, However, the displayed re-
sponse may appear degraded.
Although a device with a near-ideal
SMA connector will have better
displayed response after compen-
sation, a poor device, for example
a device with a large conductor-pin
setback, will seem worse after
compensation.

Since it is generally accepted
that the reference plane for a mi-
crowave connector is at the mating
plane of the outer conductors,? it

[Continued on page 99]
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should be argued that the SMA
connector is part of the DUT.
Therefore, the effects of the inner
conductor setback should not be
removed because they are part of
the DUT characteristics and best
describe how the device will per-
form in an SMA environment.

Application
for On-Wafer Probing

In on-wafer probing, the transi-
tion from the probe to the DUT is
not typically identical to the transi-
tion from the probe to the calibra-
tion substrate. The connector com-
pensation technique can be used
to absorb the transition discontinu-
ity in the error coefficient (calibra-
tion set). The capacitance due to
the discontinuity is obtained by a
simple measurement procedure
carried out on the DUT wafer.

The procedure begins by cali-
brating the probe tips with a stan-
dard calibration substrate (for ex-
ample, OSLT, LRM). Next a mini-
mal length thru is measured
on-wafer with the same transition
as the DUT transition; and the
electrical delay is set so that the
real part of the measured admit-
tance is 20 ms (1/50 ) at the high-
est frequency that is not near any
resonances. Finally, the suscep-
tance value B, is read and convert-
ed to capacitance (C = B/2mtf) and
divided by two to get the capaci-
tance for each transition; and the
appropriate capacitance coefficient
is modified to the calculated value
for the transitions and the compen-
sation procedure is applied.

Conclusion

The use of a single, shunt sus-
ceptance has been demonstrated
to model accurately the discontinu-
ity at the interface between me-
chanically compatible connectors.
Applying the discontinuity model to
vector network analyzer error coef-
ficients will minimize the effect of
the discontinuities for many types
of transitions, including connectors
and probe-to-substrate, and there-
by provide a significant improve-
ment in measurement accuracy.
The coefficients provided in this ar-
ticle can be used to compensate
for 3.5 mm/SMA, 3.5 mm/2.92
mm, 2.92 mm/SMA and 2.4 mm/
1.85 mm connector types, or can
be optimized for variations in con-
nector dimensions.

MICROWAVE JOURNAL « OCTOBER 1994

Acknowledgment

The author wishes to acknowl-
edge the contributions of Joel Bick-
ford, who initiated the work on this
topic and provided much insight,
and valuable discussions with
Doug Rytting and Julius Botka.
The connector compensation tech-
nique is included in the operating
firmware of the HP8510C network
analyzer. B

References

1. J.R. Whinnery and H.W. Jamieson,
Proc. IRE, Vol. 32, 1944, p. 98.

2. High Frequency Structure Simulator,
HP85180A Rev A.02

3. “IEEE Standard for Precision Coaxial
Connectors,” IEEE Std-287, IEEE Inc.,
New York.

4, M.E. Hines and H.E. Stinehelfer, "Time
Domain Oscillographic Microwave Net-
work Analysis using Frequency-Domain
Data," IEEE Transactions on Microwave
Theory and Techniques, Vol. MTT-22,
March 1974, pp. 276-282.

5. D.K. Rytting, “Let Time Domain Re-
sponse Provide Added Insight Into Net-
work Behavior," Hewlett-Packard RF
and Microwave Measurement Sympo-
sium, September 1988, HP Publication
No. 5952-6660.

6. E. Daw, “Improve Accuracy of Vector
Measurements for SMA Components,”
Microwaves and RF, August 1988, pp.
73-80.

Roger D. Pollard re-
ceived his BSc and
PhD degrees in elec-
trical and electronic
engineering from the
University of Leeds

in England. Currently,
he is a senior lectur-

er in the Department |
of Electronic and
Electrical Engineer-
ing at the University °
of Leeds, where he has researched topics
connected with microwave solid-state de-
vices and circuits for 20 years. Pollard’s
work includes microwave transistor circuits,
two-terminal negative resistance devices,
and the use of automated techniques for
the measurement of the parameters of ac-
live devices and circuits at microwave and
mm-wave frequencies. He has been asso-
ciated with numerous industrial organiza-
tions in the UK and the US. During the last
13 years, he has been a consultant at the
Hewlett-Packard Co. and has contributed
to the development of high performance
microwave network analyzers and tech-
niques for improving measurement accura-
cy. Pollard is a chartered engineer, an IEE
member and an IEEE senior member.

READER SERVICE
TO THE RESCUE

Circle 911 or any other number you
need for more information FAST.

PRECISION DIELECTRIC

RESONATOR OSCILLATORS
FOR TOUGH CUSTOMERS

devices to yield high

noise and low mi

ing program.

or FAX [E1UI e { Rl ER

in a small size. When internally phase
locked, frequency stability of + 2.5 PPM is achieved, with excellent phase

susceptibility. Output power levels are avail-
able from +10 to +21 dBm. Frequencies range from 4.0 to 23.0 Ghz. Phase
locked units accommodate internal or external reference oscillators.

Quick delivery of quality products begins with fast crystal procure-
ment, continous process control, bar code tracking, and a strong stock-

For more detailed information, call DELPHI at (€I @ { S F 3 |

« Guaranteed
Performance

- On-Time
- Priced Right

DELPHI sources use MIC
hybrids and surface mount

CIRCLE 46 ON READER SERVICE CARD 99



	MJ001
	MJ002
	MJ003
	MJ004
	MJ005

