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Abstract. Numerous standard RF circuits like directional coaxial-microstrip transition. Such a solution is not applica-
couplers, hybrids, amplitude modulators, oscillators, etc. re-ble for integrated designs. Various RF applications demand
quire a 52 termination. Additionally, in several measure- for versatile terminations that are easy to implement onto the
ment scenarios, ports have to be terminated. Such termirespective waveguide plane. A typical example are ampli-
nations are preferable of the same waveguide type as theide modulators. They are often in need of terminating the
circuits to avoid degradation of their performance. In gen-RF power in the “off” state. Also several measurement sce-
eral, standard fabrication steps are desired as they are cogtarios demand for versatile terminations of residual ports.
effective. The straightforward solution is a &0resistor Generally A VSWR better than 1.22 is considered to rep-
shunted to ground by means of a via. Partial wraparoundesent a perfect match, and a VSWR better than 1.43 pro-
SMD resistors in a 0402 size have low parasitics makingvides the desired termination for most applications. The
them applicable up to K-band. However, for RF, this com- main focus was the 24 GHz ISM band, but the match should
bination suffers from the considerable inductive parasitics ofbe within the above mentioned limits for the whole range
the via. Different approaches to avoid the vias, with varying from DC to K-band. The design and fabrication procedure
disadvantages exist. We analyzed the approach of broadbarghould be easily adoptable to different substrates and fabri-
matching the non ideal viaresistor combination to¢50y cation technologies. Finally the usual demands for low-costs
means of a filter structure. The realization uses only stanas well as ease of fabrication and implementation were given.
dard design and fabrication methods. The design procedure
can easily be adapted to arbitrary substrates and fabrication
technologies. 2 Concept

The assembled 5@ termination was measured using TRL
calibration with a VNA. Therefore its characteristics are de- S€veral concepts to implement a termination for microstrip
termined in the intended plane and it can be directly in-linés have been published. Providing a virtual short by re-
cluded into a planar 5@ circuit. The measured terminations Pacing a via with a matched open line (Liem1986) reduces
showed a VSWR better than 1.34 within the whole band fromthe achievable bandwidth. Attenuating the wave by placing

DC to K-band, and within 57% of the band (including the lossy material onto the microstrip line (Thompson, 1961) is a
24 GHz ISM band) the VSWR s better than 1.22. difficulttohandle additional fabrication step. The straight for-

ward and low-cost concept is to use standard design and fab-
rication steps, like vias and discrete SMD components (La-
combe, 1972). We enhance this concept with regard to the
frequency range from Ku-band to K-band and in addition we

The objective of the presented design was to gain a standar%eter.mm.e the final circuit as well as the _cc_Jmpone_n_t ch_arac
. ; . teristics in the targeted plane to get a definite specification of
match for several applications that can directly be included S
. : . . the termination.
into an actual planar design and that provides its character- T ic TLP-5-0100 substrat taken. the via hol
istic from DC to K-band. For planar waveguides there is . aconic substrate was taxken, the via hole was
drilled manually. For the via, a 0.8 mm copper wire was in-

no standard offtheshelf solution as for coaxial cables, for in- . . .
stance. In fact a standard solution for planar terminationsserted and soldered on pOth S|de.s. Figure 1 ShOW.S a p_|cture
would only cover a special substrate material, and further—Of thg mgasured I.DCB V\.”th the via only and the viaresistor
more only a special thickness for the respective substrate. comb|nat|.0n. The mductlve behawour of the measured via is
For a few applications, especially at lower frequen- apparent in the Smith chart of Fig. 2 The IMS R.C.X 0402PW
resistor was selected because of its low parasitics due to its

cies, a coaxial termination can be attached including a " N )
9 partial wraparound metallization. The unmatched reflection

Correspondence tayl. Olbrich of the via-resistor combination is shown in Fig 3. Here the
(olbrich@tum.de) inductive characteristic of the via is still present and results

1 Introduction
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Fig. 1. Picture of the measurement PCB for the via only and the via
resistor combination.
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Measured Via

Fig. 4. Magnitude plot of the measured via resistor combination.
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Fig. 2. Smith diagram of the measured via.
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Fig. 5. Smith diagram of the simulated termination.

3  Simulation

Generally the parasitics of the via and the resistor limit the
performance of the termination. Therefore, the reflection has
to be improved by a broadband matching. The broadband
matching to 5@ was realized by means of a filter structure.
Within the desired frequency range discrete components like
SMD capacitors or inductors cannot be applied due to their
own considerable parasitics. Since its influence is only re-
Nomakzed t 50 O quired at frequencies above 12 GHz, a microstrip filter struc-
ture is applicable. Furthermore as the dimensions should be
Fig. 3. Smith diagram of the measured via resistor combination. small anyway.
The microstrip filter structure was designed based on the
method of moments. Advanced Design System (ADS) by
Agilent was used as the simulation tool. The simulation is
based on the above mentioned measured reflection coeffi-
in the poor matching of a VSWR of more than 1.43 at fre- cient of the via-resistor combination. Starting from an initial
quencies above 16 GHz as shown in the magnitude plot irdimensioning, the filter was adapted by the cooptimization
Fig. 4. Whereas at frequencies below 12 GHz, the matchingool of ADS. Therewith the momentum based filter structure
is, as expected, already good. The inductance of the via isimulation and optimization is combined with the measured
the critical parasitic that has to be compensated. viaresistor reflection coefficient.
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Simulated Termination
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Fig. 8. Scheme of the measurement setup.

Measured Termination
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Fig. 7. Picture of the 5@ termination. Fig. 9. ADS co optimization schematic.

The order of the filter was given to the simulation tool by
the layout of the filter structure. Several simulations with a45,red data for the simulation and the direct connection to
varying filter orders showed that &“3order filter provided a 50 circuit of the final design.
the desired performance. The simulation results are shown
in Fig. 5 in the Smith chart. The magnitude of the reflection Figure 7 shows a picture of the final circuit consisting of
coefficient is shown in Fig. 6. Its VSWR is better than 1.33 the via, the resistor and the microstrip filter structure. The
from DC to K-band. reference plane of the measurement is set right behind the
filter. At this point, the 5@ termination can be connected to
a 502 microstrip line of an arbitrary circuit.

4 Measurement The measurement showed good correspondence to the

simulation results. The best matching is located in the tar-
The measurement of the components as well as the measurgeted 24 GHz ISM band. The measured data is plotted in
ment of the final circuit were performed with a HP 8510 Fig. 8 in a Smith chart. Compared to Fig. 3 the induc-
VNA. The TRL calibration method was applied to achieve tance of the via is compensated. The magnitude diagram
an onplane specification of the elements. An inhouse develin Fig. 9 shows degradation of at most 5dB at frequencies
oped TRL calkit appropriate for the substrate and frequencybelow 12 GHz compared to Figs. 4 and 6. The second res-
range was used. To verify the calibration a passive referencenance is about 10 dB more distinctive as compared to the
DUT was applied. The onplane specification of the DUT, simulation. However, the performance is still within the de-
provided by the TRL calibration, allows the direct use of the sired parameters.
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from DC to K-band and is better than 1.22 within 57% of
the range, including the 24 GHz ISM band. Correspondence
of the measurement and simulation results verifies the design
process. The characteristics were determined in the intended
microstrip plane and therefore the layout can be directly at-
tached to a planar 50 circuit.



