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Abstract : With the principles of microwave circuits and semiconductor device physics,two microwave power de-
vice test circuits combined with a test fixture are designed and simulated ,whose properties are evaluated by a pa-
rameter network analyzer within the frequency range from 3 to 8GHz. The simulation and experimental results
verify that the test circuit with a radial stub is better than that without. As an example,a C-band AlGaN/ GaN
HEM T microwave power device is tested with the designed circuit and fixture. With a 5 4GHz microwave input
signal ,the maximum gain is 8 75dB ,and the maximum output power is 33 2dBm.
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1 Introduction

Radio frequency high power devices are key
components in radar and wireless communication
systems that directly influence the communication
quality™. However , due to ther high operating
frequency it is quite difficult to characterize a mi-
crowave device’ s performance, especially a pack-
aged device. Snce a device needs not only an on
wafer test during the processng, but also to be
packaged and tested again before being incorporat-
ed into a system ,atest circuit with afixturefor the
packaged device is absolutely necessary. It acts as
an electrical and mechanical interface from the mi-
crowave sgnal test system to the device under test
(DUT). In microwave circuits, snce it is not al-
ways desred that a DC connection transmit RF sig-
nals,surface mounted (SM T) capacitors are often
used to block microwave signalsin the DC biascir-
cuitsof the test circuit. At high frequencies, how-
ever ,SM T capacitors tend to have a large parastic
red stance ,capacitance ,and inductance. These para-
dtics are often the origin of loss,reflection ,and the
excitation of harmonics,resulting in the failure of
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the test circuits. In addition,the soldering of the
SM T capacitors may also cause the same problem
at high frequencies.

In order to eval uate performance of a packaged
microwave high power device,it is necessary to
consder the loss,reflection ,oscillation prevention,
and other characteristics of the test circuit. This
paper concentrateson the use of aradial stub to bi-
as the microwave power device in a printed circuit
board (PCB) test circuit. With the example of an
AlGaN/ GaN HEM T microwave power device,
this paper analyzes the measuring principle and
methods of the main parameters of the device. The
influential factors during the device testing are al 0
discussed.

2 Design and evaluation

2.1 Radial stub

A radia stubisa useful microstrip line™ . Itis
used in many microwave circuits, such as ampli-
fiers filters,and mixers,to realize impedance matc-
hing or an RF ground. An RF ground connectionis
usually defined by its redstance at the observed
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frequency toward the ground potential and should
be as low as possble. Usually ,a resstance below
52 is seen as an RF ground. As depictedin Fig.1 ,a
radial stub has three characteristic parameters:the
radius R ,the angled ,and the inner radius R. The
reactance of the radia stubis”

X1 = Zo(r1) X Los -
atn a sin@i: - Y2)
where

Zo(r) = P20 32 (k) + N2 (kro) ]2 x

N

[J2(kri) + N2(kri)] "2

_ No(kri) o Ji(krg) o
tads = Jo(kr) (AW = Ny 12
k=2t &e/ho

where Z is the wave impedance of a radial trans
misson line ,and histhe metal thickness. The vari-
ablesa , r1 ,and r: represent the angle ,inner radius,
and radius ,respectively. Jnis the Bessel function of
thefirst kind of order n,and N.isthe Bessel func
tion of the second kind of order n. Finally ,kis the
wavenumber ,and€ r is the dielectric constant.

Z
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Fig.1 Characteristic parameters of radial stub

Many microwave circuits require shunt stubs
with low characteristic impedance to realize a
matching condition or DC bias. However, the
width of these shunt stubs is often a significant
fraction of the wavelength at high frequencies.
The result is that larger harmonic modes are ex-
cited by the distributed tee-junction effect,which
is not contained in simulation but introduces the
possibility of oscillation. Then the circuit will not
work as expected. The radial stub is proposed to
solve this problem. It can behave as a low imped-
ance stub, creating a precise insertion point that
can escape from the teejunction effect. Then lar-
ger harmonic modes will not be excited. Theref ore
the oscillation,which may result in severe damage
to the DU T ,can be well prevented,and a smaller
reflection can be obtained as well™®® .

In addition, planar circuits often need a mi-
crowave short through an extra means such as
metal via hole,which often produces parasitic in-
ductance. The radial stub will realize a short cir-
cuit at the point where it is placed, making the
metal via hole in the planar circuit unnecessary.
Thus the parasitic,which often produces loss and
oscillation at high frequencies,will be decreased.
Furthermore,a radial stub has a wider bandwidth
due to its larger fringing capacitance at the open
end,which makesit possible to have little loss and
reflection at high frequencies!® * .

2.2 Design and simulation

With EDA software ,we designed two kinds of
PCB test circuits. As can be seen from Fig. 2 ,they
mainly cons st of the microwave main line and the
DC bias network. The characteristic impedance of
the main lineis 52 . SM T capacitors are used as a
DC block. The quarter wave micro-strip line,the
radial stub,and the DC pads constitute the bias
network. The quarter wave micro-strip line’ s char-
acteristic impedance is 1252 ,which is intended to
be an RFC of the microwave signal. The difference
between the two kinds of circuitsis that the right
one uses a radial stub,with its optimized parame
ters being the radius R. = 6. 6mm ,the anglea =
90° ,and the inner radius R = 1mm to ground the
microwave signal ,while the left one uses SM T car
pacitors to substitute the radial stub. The radial
stub realizes a microwave short. After the series
with the quarter wave microstrip line, however ,
they realize a microwave open state together ,and
then they produce little reflection and loss to the
microwave signal on the main line. Hence they can
be used as a DC hias network. The sameistruefor
the SM T capacitor in series with the quarter wave
line™ .

Without radial stub With radial stub

Fig.2 Two kindsof PCB test circuits
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The smulation of the PCB test circuitsis car-
ried out with EDA <oftware. After optimization,
the smulated S parameters are given in Fig. 3. At
thefrequency of 5 4GHz ,thecircuit with the radial
stub has Su = - 47. 6dB and Su = - 0. 08dB. The
corresponding results of that without the radial
stub are Su = - 26 1dB and Sz = - 0 0950B.
These resultsindicate that the test circuit with the
radial stub has good reflection and loss characteris
tics. The reasonisthat the radial stub createsa mi-
crowave short at a precise point ,which means little
reflection and loss of the microwave signal. Fur-
thermore ,there is no effect of soldering by usng a
radial stub ,compared with usng SM T capacitor.
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Fig.3 Smulation results of two kinds of PCBs

In addition to the PCB test circuit ,the test fix-
tureisaso desgned. The PCB test circuit is fixed
on thefixture that is connected with the microwave
sgnal as well as the DC power. The packaged de-
vice under test is to be mounted between the two
PCB test circuits,with the pins of the package con-
nected to the microstrip line on the PCB.

2.3 Circuit evaluation

Before testing the device,small sgnal eval ua
tion of the passve fixture including the PCB test
circuit was carried out with a parameter network
analyzer (PNA). The frequency rangeisfrom 3 to
8GHz. The S parameters of the two PCB test cir-
cuits measured are shown in Fig.4. It is clear that
both the reflection and loss of the circuit with the
radial stub are better than that without the radial
stub ,which isin accordance with the s mulation re-
sults. To quantify the benefit of usng a radia
stub, the corresponding results are Su
- 26. 560dB ,Sz1 = - 0. 90dB ; Su = - 18 19dB , S =

- 1 44dB. The reason may be that by usng the car
pacitorsto ground the microwave sgnal ,the DC bi-
as line is neither shorted nor opened to the sgnal
of 5 4GHz very well. This causes loss and reflec
tion to the microwave signal of 5 4GHz. The 0lde-
ring of the SM T capacitor has bad effects as well.
In addition,it can be seen from Fig. 4 that the
bandwidth of the radial stub test circuit is larger
than that with the SM T capacitor.
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Fig.4 Small sgnal test results of two kinds of PCBs

Figure 5 shows the measured and smulated
results of the circuit with the radial stub. At the
frequency of 5 4GHz ,both the reflection and loss
of the measured results are worse than those of the
smulated results. The degradation is due to the
parasitic capacitance and inductance of the DC
block ,the SubMiniature A (SMA) connector ,the
coil inductor of the fixture,etc. ,all of which can-
not be accounted for in the Smulation. Regardiess,
according to the measured results, the reflection
and lossof thecircuit are acceptable. Therefore ,the
test circuit with the radial stub can be used to test
microwave devices together with the designed fix-
ture.

S OOSdE&
or Mmm ¢

- -10F o AN 0.90dB s, .l
T 20F *, o n
E L * |#™  Measured !
TE» -30F %;=26.56dB
g —40‘— f@*%%
= 5 8, )
w = T /" %Simulated
60} S, =-47.6dB
70k
P | | L e E PR B s e BRI 1
3 4 5 6 7 8

fIGHz

FHg.5 Smulation and test results of test circuit with
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3 Device test and discussion

In our work ,the packaged C-band Al GaN/
GaN HEM T power device is tested with the de-
sgned fixture,which has a promisng application
under conditions of high frequency and high pow-
er. The device is provided by the Microwave Device
and Circuit Laboratory of the Institute of Microe
lectronics of the Chinese Academy of Sciences. Ac-
cording to the on-chip small sgnal test ,the device
is expected to operate at the frequency of 5 4GHz
and has a 9dB theoretical gain.

A load-pull system belonging to the above la
boratory was used to test the power characteristics
of the device with the designed circuit and fixture.
Before the test ,the load-pull system together with
the designed circuits and fixture were calibrated
with the through-reflect-line (TRL) method. The
test frequency was 5 4GHz. As shown in Fig. 6,
the test resultsof the DU T are a maximum gain of
8 75dB and a maximum output power of 33 2dBm.
The corresponding results of that usng the SMT
capacitor are 7dB and 31 85dBm. Both the meas
ured gain and the maximum output power of the
DU T through the PCB test circuit with the radial
stub are better than that without ,afinding that a
grees well with the smulation and PNA test re-
sults. Compared with the 9dB theoretical gain,the
result of the radial stub test circuit is very close to
the theoretical value. The measured gain error per-
centages of the two test circuits are 2 78 % and
22 % ,respectively.
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Fig.6 Microwave power test results of two kinds of
test circuits

In addition, the experiment was repeated

with several other CGband AlGaN/ GaN HEMT
power devices. The results,given in Table 1,as0
show that the desgned PCB with the radial stubis
better than that without. Therefore,the desgned
test circuit with the radial stub can test microwave
power devices.

Table 1l Results of several other samples tested with
two kinds of circuits
Sample one Sample two Sample three

Gain Poutmax Gan Poutmax Gain Poutmax
/B /dBm / dB /dBm /B /dBm

With radial stub| 8.69 33.06 8.52 32.88 8.48 32.75
Without 8.02 31.68 7.35 31.05 7.15 31.15

4 Conclusion

We performed tests on microwave power de-
vices. With the theory of microwave circuits and
semiconductor device physics,two kinds of PCB
test circuits together with fixtures were designed
and compared. The sSmulation and test results
show that the circuit with the radial stubisable to
evaluate well the performance of high power micro-
wave devices. As an example,a Cband Al GaN/
GaN HEM T power device was tested with the cir-
cuit ,at the frequency of 5 4GHz,yielding a maxi-
mum gain of 8 75dB ,within an error of 2 78 %,
and a maximum output power of 33 2dBm. The
test results are very close to the theoretical values,
verifying the success of the desgned test circuit to-
gether with the fixture.
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