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A Radial Stub Test Circuit for Microwave Power Devices 3
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Abstract : Wit h t he p rinciples of microwave circuits and semiconduct or device p hysics , two microwave p ower de2
vice test circuits combined wit h a test f ixture are designed and simulated ,w hose p rop erties are evaluated by a p a2
rameter network analyzer wit hin t he f requency range f rom 3 t o 8 G Hz. The simulation and exp erimental results

verif y t hat t he test circuit wit h a radial stub is bet ter t han t hat wit hout . As an example , a C2band Al GaN/ GaN

H EM T microwave p ower device is tested wit h t he designed circuit and f ixture . Wit h a 514G Hz microwave inp ut

signal , t he maximum gain is 8175dB ,and t he maximum outp ut p ower is 3312dB m.
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1　Introduction

Radio f requency high power devices are key
component s in radar and wireless communication
systems t hat directly influence the communication
quality[ 1 ] . However , due to their high operating
f requency ,it is quite difficult to characterize a mi2
crowave device’s performance , especially a pack2
aged device. Since a device needs not only an on2
wafer test during t he processing , but also to be
packaged and tested again before being incorporat2
ed into a system ,a test circuit wit h a fixt ure for the
packaged device is absolutely necessary. It act s as
an elect rical and mechanical interface f rom the mi2
crowave signal test system to t he device under test
(DU T) . In microwave circuit s , since it is not al2
ways desired t hat a DC connection t ransmit RF sig2
nals ,surface mounted ( SM T) capacitors are of ten
used to block microwave signals in t he DC bias cir2
cuit s of t he test circuit . At high f requencies , how2
ever ,SM T capacitors tend to have a large parasitic
resistance ,capacitance ,and inductance. These para2
sitics are of ten t he origin of loss ,reflection ,and the
excitation of harmonics , resulting in t he failure of

t he test circuit s. In addition , t he soldering of t he
SM T capacitors may also cause the same problem
at high f requencies.

In order to evaluate performance of a packaged
microwave high power device , it is necessary to
consider the lo ss ,reflection ,oscillation prevention ,
and ot her characteristics of t he test circuit . This
paper concent rates on t he use of a radial stub to bi2
as t he microwave power device in a printed circuit
board ( PCB) test circuit . Wit h t he example of an
Al GaN/ GaN H EM T[2 ] microwave power device ,
t his paper analyzes t he measuring principle and
met hods of the main parameters of the device. The
influential factors during t he device testing are also
discussed.

2　Design and evaluation

2. 1　Radial stub

A radial st ub is a usef ul microst rip line[3 ] . It is
used in many microwave circuit s , such as ampli2
fiers ,filters ,and mixers ,to realize impedance matc2
hing or an RF ground. An RF ground connection is
usually defined by it s resistance at the observed



半　导　体　学　报 第 27卷

f requency toward the ground potential and should
be as low as possible. U sually , a resistance below
5Ω is seen as an RF ground. As depicted in Fig. 1 ,a
radial st ub has t hree characteristic parameters : t he
radius RL ,t he angleα,and the inner radius Ri . The
reactance of t he radial st ub is[4 ]

X1 =
h

2πr1
Z0 ( r1 ) 360
α ×

cos (θ1 - ψ2 )
si n (ψ1 - ψ2 )

where
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εr

[ J
2
0 ( kr1 ) + N

2
0 ( kr1 ) ]1/ 2 ×

[ J
2
1 ( kr1 ) + N

2
1 ( kr1 ) ] - 1/ 2

t a nθ1 =
N0 ( kr1 )
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, t a nψ1 = -
J 1 ( kr1 )
N1 ( kr1 )

, 　i = 1 ,2

k = 2π εre /λ0

where Z0 is t he wave impedance of a radial t rans2
mission line ,and h is t he metal thickness. The vari2
ablesα, r1 ,and r2 rep resent t he angle ,inner radius ,
and radius ,respectively. J n is t he Bessel f unction of
t he first kind of order n ,and N n is t he Bessel f unc2
tion of t he second kind of order n. Finally , k is t he
wavenumber ,andεre is t he dielect ric consta nt .

Fig. 1　Characte ristic p arameters of radial stub

Ma ny microwave circuits requi re s hunt st ubs

wit h low cha racte ristic i mp eda nce t o realize a

matchi ng condition or D C bias . Howeve r , t he

widt h of t hese shunt st ubs is of te n a signif ica nt

f raction of t he wavele ngt h at high f reque ncies .

The result is t hat la rge r ha rmonic modes a re ex2
cite d by t he dist ributed tee2junction ef f ect , w hich

is not contai ne d in si mulation but i nt roduces t he

p ossibility of oscilla tion . The n t he ci rcuit will not

work as exp ecte d . The ra dial st ub is p rop osed t o

solve t his p roble m . It ca n be have as a low i mp ed2
a nce st ub , crea ti ng a p recise i nse rtion p oi nt t ha t

ca n escap e f rom t he tee2junction ef f ect . The n la r2
ge r ha r monic modes will not be excite d . Theref ore

t he oscilla tion ,w hic h may result in seve re da mage

t o t he D U T , ca n be well p reve nted , a nd a smalle r

ref lection ca n be obtai ne d as well [ 5 ,6 ] .

I n a ddition , p la na r ci rcuits of te n need a mi2
crowave s hort t h rough a n ext ra mea ns such as

metal via hole , w hic h of te n p roduces p a rasitic in2
ducta nce . The ra dial st ub will realize a s hort ci r2
cuit at t he p oi nt w he re it is p lace d , ma ki ng t he

metal via hole i n t he p la na r ci rcuit unnecessa ry.

Thus t he p a rasitic , w hich of te n p roduces loss a nd

oscilla tion at high f reque ncies , will be dec rease d.

Furt he rmore , a ra dial stub has a wide r ba ndwidt h

due t o its la rge r f ri ngi ng cap acita nce at t he op e n

e nd , w hic h ma kes it p ossible t o have lit tle loss a nd

ref lection a t high f reque ncies [ 6～8 ] .

2. 2　Design and simulation

With EDA sof tware ,we designed two kinds of
PCB test circuit s. As can be seen f rom Fig. 2 ,t hey
mainly consist of t he microwave main line and t he
DC bias network. The characteristic impedance of
t he main line is 50Ω. SM T capacitors are used as a
DC block. The quarter wave micro2st rip line , t he
radial stub , and t he DC pads constit ute t he bias
network. The quarter wave micro2st rip line’s char2
acteristic impedance is 125Ω , which is intended to
be an RFC of t he microwave signal . The difference
between the two kinds of circuit s is that t he right
one uses a radial st ub ,wit h it s optimized parame2
ters being the radius RL = 616mm , t he angleα=
90°, and the inner radius Ri = 1mm to ground t he
microwave signal ,while t he lef t one uses SM T ca2
pacitors to substit ute t he radial st ub. The radial
stub realizes a microwave short . Af ter t he series
with t he quarter wave microst rip line , however ,
t hey realize a microwave open state toget her , and
t hen they produce lit tle reflection and loss to t he
microwave signal on the main line. Hence t hey can
be used as a DC bias network. The same is t rue for
t he SM T capacitor in series wit h t he quarter wave
line[7 ] .

Fig. 2　Two kinds of PCB test circuit s
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The simulation of t he PCB test circuit s is car2
ried out wit h EDA sof tware. After optimization ,
t he simulated S parameters are given in Fig. 3. At
t he f requency of 514 GHz ,t he circuit wit h t he radial
st ub has S11 = - 4716dB and S21 = - 0108dB. The
corresponding result s of t hat without t he radial
st ub are S11 = - 2611dB and S21 = - 01095dB.
These result s indicate that t he test circuit with the
radial stub has good reflection and loss characteris2
tics. The reason is t hat the radial st ub creates a mi2
crowave short at a p recise point ,which means lit tle
reflection and loss of t he microwave signal . Fur2
t hermore ,t here is no effect of soldering by using a
radial st ub ,compared wit h using SM T capacitor .

Fig. 3　Simulation result s of two kinds of PCBs

In addition to t he PCB test circuit ,t he test fix2
t ure is also designed. The PCB test circuit is fixed
on the fixture t hat is connected wit h t he microwave
signal as well as the DC power . The packaged de2
vice under test is to be mounted between t he two
PCB test circuit s ,wit h t he pins of t he package con2
nected to t he microst rip line on t he PCB.

2. 3　Circuit evaluation

Before testing t he device , small signal evalua2
tion of t he passive fixture including the PCB test
circuit was carried out wit h a parameter network
analyzer ( PNA) . The f requency range is f rom 3 to
8 GHz. The S parameters of t he two PCB test cir2
cuit s measured are shown in Fig. 4. It is clear t hat
both the reflection and loss of the circuit wit h the
radial st ub are bet ter t han that wit hout the radial
st ub ,which is in accordance with t he simulation re2
sult s. To quantify t he benefit of using a radial
st ub , t he corresponding result s are S11 =

- 26156dB ,S21 = - 0190dB ; S11 = - 18119dB , S21 =

- 1144dB. The reason may be t hat by using t he ca2
pacitors to ground t he microwave signal ,t he DC bi2
as line is neit her shorted nor opened to t he signal
of 514 GHz very well . This causes loss and reflec2
tion to t he microwave signal of 514 GHz. The solde2
ring of the SM T capacitor has bad effect s as well .
In addition , it can be seen f rom Fig. 4 t hat t he
bandwidth of t he radial st ub test circuit is larger
t han t hat wit h t he SM T capacitor .

Fig. 4　Small signal test result s of two kinds of PCBs

Figure 5 shows t he measured and simulated
result s of t he circuit wit h t he radial stub. At t he
f requency of 514 GHz , bot h t he reflection and loss
of t he measured result s are worse t han t hose of t he
simulated result s. The degradation is due to t he
parasitic capacitance and inductance of t he DC
block ,t he SubMiniat ure A ( SMA) connector , t he
coil inductor of the fixt ure ,etc. ,all of which can2
not be accounted for in t he simulation. Regardless ,
according to t he measured result s , t he reflection
and loss of t he circuit are acceptable. Therefore ,t he
test circuit wit h t he radial st ub can be used to test
microwave devices together wit h t he designed fix2
t ure.

Fig. 5　Simulation and test result s of test circuit with

radial stub
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3　Device test and discussion

In our work , t he packaged C2band Al GaN/
GaN H EM T power device is tested wit h the de2
signed fixt ure , which has a promising application
under conditions of high f requency and high pow2
er . The device is p rovided by t he Microwave Device
and Circuit Laboratory of t he Instit ute of Microe2
lect ronics of t he Chinese Academy of Sciences. Ac2
cording to t he on2chip small signal test , t he device
is expected to operate at t he f requency of 514 GHz
and has a 9dB t heoretical gain.

A load2p ull system belonging to the above la2
boratory was used to test t he power characteristics
of t he device wit h t he designed circuit and fixture.
Before t he test ,t he load2p ull system toget her wit h
t he designed circuit s and fixt ure were calibrated
with t he through2reflect2line ( TRL ) met hod. The
test f requency was 514 GHz. As shown in Fig. 6 ,
t he test result s of t he DU T are a maximum gain of
8175dB and a maximum outp ut power of 3312dBm.
The corresponding result s of t hat using t he SM T
capacitor are 7dB and 31185dBm. Both t he meas2
ured gain and t he maximum outp ut power of the
DU T through t he PCB test circuit wit h the radial
st ub are bet ter t han t hat wit hout ,a finding t hat a2
grees well wit h t he simulation and PNA test re2
sult s. Compared wit h t he 9dB t heoretical gain , t he
result of t he radial stub test circuit is very close to
t he t heoretical value. The measured gain error per2
centages of the two test circuit s are 2178 % and
22 % ,respectively.

Fig. 6 　Microwave power test result s of two kinds of

test circuit s

In addition , t he experiment was repeated

with several other C2band Al GaN/ GaN H EM T
power devices. The result s , given in Table 1 , also
show t hat t he designed PCB wit h t he radial st ub is
bet ter t han t hat wit hout . Therefore , t he designed
test circuit wit h t he radial st ub can test microwave
power devices.

Table 1　Result s of several other samples tested with

two kinds of circuit s
Sample one Sample two Sample three

Gain

/ dB

Poutmax

/ dBm

Gain

/ dB

Poutmax

/ dBm

Gain

/ dB

Poutmax

/ 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 test s on microwave power de2
vices. With t he t heory of microwave circuit s and
semiconductor device p hysics , two kinds of PCB
test circuit s toget her wit h fixt ures were designed
and compared. The simulation and test result s
show t hat t he circuit wit h t he radial stub is able to
evaluate well t he performance of high power micro2
wave devices. As an example , a C2band Al GaN/
GaN H EM T power device was tested wit h t he cir2
cuit ,at t he f requency of 514 GHz ,yielding a maxi2
mum gain of 8175dB , wit hin an error of 2178 % ,
and a maximum outp ut power of 3312dBm. The
test result s are very clo se to t he t heoretical values ,
verifying t he success of t he designed test circuit to2
get her wit h t he fixt ure.
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微波功率器件的扇形线测试电路 3

罗卫军1 ,2 　陈晓娟2 　梁晓新2 　马晓琳2 　刘新宇2 ,­　王晓亮1

(1 中国科学院半导体研究所 , 北京　100083)

(2 中国科学院微电子研究所 , 北京　100029)

摘要 : 在微波电路原理和半导体器件物理的基础上 ,设计和模拟了两种用于微波功率器件的测试电路 ,并且设计
了与之配套的测试夹具.采用矢量网络分析仪对该测试电路和夹具在 3～8 GHz范围内进行了小信号测试.模拟和
测试结果都表明 ,采用扇形线的测试电路性能较好.最后采用该电路和夹具对 C波段 Al GaN/ GaN H EM T微波功
率器件进行了微波功率测试 ,测试频率为 514 GHz.实验测得最大功率增益为 8175dB ,最大输出功率为 3312dBm.

关键词 : 扇形线 ; 测试电路 ; 氮化镓 ; 高电子迁移率晶体管
EEACC : 1350

中图分类号 : TN4　　　文献标识码 : A 　　　文章编号 : 025324177 (2006) 0921557205

3国家重点基础研究发展计划 (批准号 :2002CB311903)和中国科学院重点计划 (批准号 : KGC X22SW2107)资助项目

­通信作者. Email :liuxy @ime . ac . cn

　2006202226收到 ,2006205215定稿 2006 中国电子学会

1651


