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A Test Circuit with Microstrip Filter for Microwave Power Device
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Abstract: With the principles of microwave circuits and semiconductor device physics, three kinds of microwave
power device test circuits are designed and simulated, whose properties are evaluated by a parameter network ana-
lyzer within the frequency range from 3 to 8GHz. The simulated results verify that the test circuit with stepped-
impedance filter bias network has a larger bandwidth than that with the radial stub. A microstrip interdigital ca-
pacitor is used in the third test circuit to replace the DC block,however, which does not show its advantage during
the test frequency band. Based on the simulated results, the stepped-impedance filter test circuit can be used to
evaluate microwave power devices in the whole C band,namely from 4 to 8GHz.
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1 Introduction

Microwave power electronic devices, such as

GaN HEMTs!""? and HBTs, are key components
in radar and wireless communication systems and
directly influence communication quality™. Be-
cause of their high operating frequency,however,
it is quite difficult to characterize microwave
power devices’ performance, especially packaged
ones. Since the device needs to be packaged and
tested before being integrated into a system,a test
circuit with a fixture for the packaged device is
absolutely necessaryt™. It acts as an electrical and
mechanical interface from the microwave signal
test system to the device under test (DUT).

To evaluate a packaged microwave high pow-
er device’s performance properly, the loss, band-
width, reflection,oscillating prevention,etc of the
test circuit should be considered. In microwave
circuits,as it is not always desired that a DC con-
nection also lead RF signals,quarter-wave line,ra-
dial stub or surface mounted (SMT) capacitors are
often used to block microwave signals in the DC
bias circuits of the test circuit. However, the con-
ventional circuits above have the common prob-
lem of having a small bandwidth. When facing
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DUTs designed with larger bandwidths, they can-
not evaluate the DUTs properly. This article con-
centrates on a novel microwave power device test
circuit in a printed circuit board (PCB) with a
larger bandwidth,in which the stepped-impedance
filter network is being used to bias the DUTs. In
addition,a microstrip interdigital couple capacitor
is adopted to replace the DC block in one of the
test circuits, which is intended to reduce the high
frequency loss of the DC block™ ". By using an

* Agilent ADS simulator, the simulated results of

the filter bias test circuit show an excellent char-
acteristic of bandwidth,which makes it possible to
be used in the whole C band, namely from 4 to
8GHz.

2 Circuit design

2.1 Stepped-impedance filter

Stepped-impedance filters are useful micros-
trip components'™® . They are often used in a num-
ber of microwave circuits, such as amplifiers, os-
cillators, mixers, etc, to realize low-pass, high-pass
or band-pass filters”'?. As depicted in Fig. 1, the
stepped-impedance filter mainly has three charac-
teristic parameters: the sections N, the impedance
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Z,and the length ;. Based on the transmission
line theory!!, the thin high impedance micros-
trips work as inductive elements, while the wide
low impedance microstrips work as capacitive ele-
ments. Together with the two elements, a filter is
created. By changing the length, impedance and
sections of the two elements, the bandwidth of the
filter can be controlled. In particular, when the
ratio of the high impedance to the low impedance
is big,a larger bandwidth of the filter can be ob-
tained. The bandwidth of the filter is also propor-
tional to the sections.

.‘1 /)

Fig. 1
ance filter

Characteristic parameters of stepped-imped-

2.2 Design and simulation

With EDA software, we designed three kinds
of PCB test circuits. As can be seen from Fig. 2,
they mainly consist of the microwave main line
and the DC bias network. The characteristic im-
pedance of the main line in all three circuits is
500 . SMT capacitors are used as DC block in cir-
cuits a and b. The quarter wave microstrip line,
the radial stub,and the DC pads constitute the bi-
as network of test circuit a. The quarter wave mi-
crostrip line is intended to be an RFC of the mi-
crowave signal. A more extensive description of
the radial stub test circuit can be found in
Ref.[4]. For the test circuits b and c, with a
stepped-impedance filter, the characteristic im-
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Fig.2 Three kinds of PCB test circuits

zpedance of the thin and the wide microstrip lines
are 125 and 300, respectively,and the correspond-
ing lengths are 9. 2 and 8. 5mm. With two sections
of these circuits, a microwave filter bias network
circuit is achieved. Additionally, a microstrip in-
terdigital capacitor is adopted in circuit ¢ to re-
place the DC block, which is intended to reduce
the high frequency loss of the DC block. There are
5 interdigital fingers, each with a length, width,
and gap of 15,0. 4,and 0. Zmm,respectively.

A simulation of the PCB test circuits was car-
ried out with EDA software. The § parameters of
the simulation after optimization are given in
Figs. 3 and 4. As can be seen from Fig, 3, at the
frequencies of 4 and 8GHz,the circuit with radial
stub has §;; = —17. 07dB, Sy; = - 10. 97dB, respec-
tively. The corresponding results of the stepped-
impedance filter test circuit b are §;; = —22. 16dB
and §;; = — 26. 68dB. Across the whole C band,
the 8§y, of the filter test circuit is below — 20dB. -
However,the §;; of circuit ¢ with interdigital cou-
ple capacitor fluctuates in the C band and can on-
ly be used near 6GHz. As to the S described in
Fig. 4, the test circuit b also exhibits excellent
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Fig. 3 Simulation results of Sy, of the circuits
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Fig. 4 Simulation results of S, of the circuits
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characteristics of §, = — 0.125dB at 4GHz and
Sz = —0.125dB at 8GHz. The results of the test
circuit a are S, = — 0.151dB at 4GH and S <
- 3dB at 8GHz. These results indicate that the cir-
cuit b with a stepped-impedance filter shows good
bandwidth characteristics. The reason is that the
stepped-impedance filter has a high ratio of high
characteristic impedance to low characteristic im-
pedance, which results in a low Q factor of the bi-
as network. Then a large bandwidth of the circuit
can be obtained. Like $;;,,S2 of the circuit ¢ also
fluctuates. The narrow frequency band character-
istic of the circuit ¢ is mainly due to the interdigi-
tal couple capacitor,which is very sensitive to the
structure parameters. Hence this structure is often
used in IC technology, with which precise struc-
tures can easily be created.

3 Results and discussion

Small signal evaluation of the PCB test circuit
was carried out by a parameter network analyzer
(PNA). The frequency range is from 3 to 8GHz,
and the § parameters of the three PCB test cir-
cuits measured are shown in Figs.5 and 6. From
Fig. 5, it is clear that both the reflection and
bandwidth of the circuit b with stepped-imped-
ance filter are better than the circuit a with radial
stub, which agrees well with the simulation re-
sults. The corresponding S,; are .~ 13.88 and
— 8. 74dB at 4GHz,respectively,and the S;; of the
test circuit with stepped-impedance filter is below
—10dB across the whole C band, which is better
than that of the radial stub one.
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Fig.5 Small signal test results of Sy
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Fig. 6 Small signal test results of Sy

However, the circuit a and the circuit b both
have worse Sz characteristic that differ a lot from
the simulation results. This is mainly because of
the failures in the PCB manufacture process,
which destroyed the surface metal of the PCB se-
riously by changing its physical parameters, such
as the thickness and roughness. With the changing
of the PCB’s physical parameters, the fabricated
PCB test circuits may differ a lot from the de-
signed circuits. The test results will thus not be i-
deal. However, the benefit of the test circuit with
stepped-impedance filter is obvious, especially the
large bandwidth characteristic, which enables the
test circuit to evaluate microwave power devices
or other DUTs in a large frequency band. The cir-
cuit ¢ has the worst microwave characteristics,
which agrees well with the simulation results. The
reason has been given above.

4 Conclusions

We have researched the testing of microwave
power devices. With the theory of microwave cir-
cuit and semiconductor device physics, three kinds
of PCB test circuits have been designed and com-
pared. The simulation and test results show that a
circuit with a stepped-impedance filter can be
used to test microwave power devices in the whole
C band, which is better than a circuit with a radial
stub. By using the designed circuit with a stepped-
impedance filter, the need of large bandwidth
evaluation of DUTs can be satisfied. The use of an
interdigital couple capacitor, which is intended to
replace the DC block, failed to exhibit good mi-
crowave characteristics. The reason lies in the pa-
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- rameter’s sensitivity of the interdigital couple ca-
pacitor, which cannot be fulfilled by the PCB fab-
rication process.
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