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Reflection-Type Low-Phase-Shift Attenuator

Won-tae Kang, Ik-soo Chang, and Min-soo Kang

Abstract—A transmission-type phase-shift attenuator has a poor re-
flection characteristic at an output port. In this paper, to avoid such
disadvantages, a reflection-type low-phase-shift attenuator has been de-
signed and measured. As a result, at a center frequency (1855 MHz), the
reflection-type low-phase-shift attenuator has an attenuation of 30 dB,
within the limit of 3 � phase shift and less than�17-dB reflection
characteristics at both input and output ports. It also demonstrates
that the performance of the reflection-type low-phase-shift attenuator is
better than the transmission-type phase-shift attenuator with the same
measurement specifications.

Index Terms—Attenuator, p-i-n diode, reflection type.

I. INTRODUCTION

The circuits generally used in the transmitter of the base station
of a modern mobile-communication system consist of high-power
amplifiers, linearizers, and so on. The variable attenuator is especially
one of the most important control circuit blocks composing linealiz-
ers, as well as automatic gain control (AGC) systems. Generally, the
attenuators are implemented by using a p-i-n diode or GaAs MESFET
with electrically controllable resistance [1] and, in this paper, p-i-n
diodes are applied.

A radio-frequency (RF) signal is composed of both magnitude and
phase elements, but the phase characteristics can be distorted with
the variance of attenuation due to the following structural problem.

In Fig. 1, theS-parameters of the series impedanceZ are given
by [2]
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The attenuation constant� can then be written as
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In the general case of attenuators, the phase characteristic ofS21 is

S21 = jS21je
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Fig. 1. The equivalent circuit of attenuator.

Fig. 2. Transmission-type low-phase-shift attenuator.

As we can observe in (4), the phase characteristic is variable with
the variance of attenuation because' is a function ofR. To solve this
kind of structural problem, Walker [3] invented the transmission-type
attenuator using p-i-n diodes.

Fig. 2 shows the modified Walker version. It was invented in order
to enlarge the attenuation by using series connected diodes.

In this circuit, series-connected p-i-n diodes operate as attenuators,
while a shunt-connected diode operates as a phase-shift compensation
circuit. The characteristic of intrinsic layer resistance of a p-i-n diode
is given by [1]

R =
W 2

(2�ap�I0)
(5)

where

W width of i layer;
�ap ambipolar mobility;
� carrier lifetime;
I0 dc bias current.

By forward biasing the diodes in Fig. 2,Io is increased andRj

is near 0
, as can be observed in (5). At this time, the attenuation
is minimum and theRj of the shunt-connected p-i-n diode goes to
zero. Thus, pointA turns out to be a short and the shunt-connected
stub at pointB will be sensed as the short stub with electrical length
�2. For this reason, there is no attenuation caused byR2.

Alternatively, if Io is decreased by reverse biasing, thenRj is
increased. Thus, the shunt-connected stub at pointB has an effect
on the entire circuits.

Let the phase of the total system be'R =0 at Rj = 0, and
'R =max at Rj = max. If it is possible that'R =0 = 'R =max

with controlling �1, �2, �3, andRj , then no phase shift occurs with
the variance of attenuation.

The parameter values ofR2 = 15 
, �1 = 15�, �2 = 16:46�, and
�3 = 14:28� are applied in experiments.
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Fig. 3. Reflection-type attenuator.

II. DESIGN OF REFLECTION-TYPE ATTENUATOR

The weak points of a transmission-type low-phase-shift attenuator
are as follows. First,S22, the reflection coefficient at the output port,
is not good. Second, because it is a current-controlled attenuator,
the attenuation decreases when output current is limited. Thus, the
variation range of AGC will be decreased. To overcome this problem,
the new reflection-type attenuator is proposed in this paper, as shown
in Fig. 3.

Fig. 3 shows the attenuator using a reflection characteristic; thereby
differing from the transmission-type attenuator used before, and
because it uses a 90� hybrid, it has the same characteristics at both
A andA0, and gives a good matched condition in bothS11 andS22
by symmetric structure.

The operation of the reflection-type attenuator can be explained as
follows. In Fig. 3, in the case ofZin = 50 
, since the RF signal is
all consumed at pointA, it is not transmitted to the load at isolation
port and, thus, the attenuation becomes maximum.

On the other hand, whenZin = 0 
 or Zin = max, the RF signal
is completely transmitted to the load because of the total reflection
at portA. In this case, the attenuation is 0 dB.

At this condition, the phase characteristic of reflection-type atten-
uator is
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As shown in (6), the phase characteristic varies with the variation
of Rj . That can be explained as the effects of the parasitic elements
Cj , Ls on a p-i-n diode. Thus, if these parasitic elements can be
adequately compensated, the phase characteristic keeps constant for
the variation ofRj .

It can be implemented as follows, using an open stub as the phase
compensation circuit.

In this case,ZO:c is expressed as follows:

ZO:C =Z0
ZL + jZ0 tan �

Z0 + jZL tan �
( ZL =1

=
Z0

j tan �
: (7)

Fig. 4. The phase compensation circuit with an open stub.

Fig. 5. Reflection-type low-phase-shift attenuator.

Therefore, we obtainZin by applying (7) to Fig. 4, resulting in
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because coefficient�in = j�inje
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given by
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Let the phase of the total system atRj = 50 
 be 'R =50, and
the phase of the total system atRj = max be'R =max. Since' is
a function of�, we can implement a low-phase-shift attenuator if the
condition of'R =0 = 'R =max is achieved by adjusting the� value.

III. EXPERIMENTAL RESULTS

Fig. 5 is the circuit of low-phase-shift attenuator using a p-i-n
diode. In this paper, Hewlett-Packard’s HSMP-4810 p-i-n diode
is applied. The equivalent circuit of the diode is solved by the
Deloach method [4], and the parameter values areCj = 0:2034 pF,
Ls = 1:748 nH, andRs = 3:342 
.
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Fig. 6. The phase variance ofS21 for Rj variance at the electrical length
of open-stub is 73.1�.

Fig. 7. The electrical characteristic of low-phase-shift attenuator.

By using these parameter values and MATHCAD computer soft-
ware, 73.1� electrical length of the open stub is calculated, and the
simulation result of this condition is shown in Fig. 6.

For this experiment, TLC-32 substrate, a Taconic product, with
relative permittivity "r = 3:2 is used. The center frequency is
1855 MHz. In Fig. 5, the length of the open stub is 21.4 mm and its
width is 1.85 mm. The 90� hybrid of the attenuator is the BJC2 type
manufactured by SAGE products, having broad-band characteristics
and a length of 19.5 mm.

The electrical characteristic of the low-phase-shift attenuator is
shown in Fig. 7.

Figs. 8 and 9 show the measured results of comparison data
of transmission and reflection type, which demonstrate the better
performance of reflection type.

IV. CONCLUSION

In this paper, a reflection-type low-phase-shift attenuator is shown
to overcome some disadvantages of the previous transmission-type
phase-shift attenuator. The reflection-type low-phase-shift attenuator
has been designed such that it has no more than 3� phase shift with
up to 30-dB attenuation, and return loss below 17 dB at both input
and output ports.

With the previous transmission-type phase-shift attenuator, used as
an AGC component, the output current of the attenuation controller
must be small and, thus, the dynamic range of the attenuator is small.
Even so, the output-port reflection characteristic is not good, but
the reflection-type low-phase-shift attenuator solves both the current

Fig. 8. The phase variance comparison of transmission and reflection type.

Fig. 9. TheS22 comparison of transmission and reflection type.

limitation problem with a diode that operates at high resistance and
the poor reflection characteristic problem at output port due to the
90� hybrid.

By using the MATHCAD program, 73.1� electrical length of
the short stub was calculated, but experimentally, 76.34� was ob-
tained—an error of approximately 3�. The error can be described as
due to the simplified diode model employed by the diode parameters
with the Deloach method, and of the same application of the diode
parameters as under zero-bias without considering the variation of the
diode parameters under forward-bias. To decrease the error, further
study in evaluating the diode parameters is necessary.
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