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Abstract – This paper describes the design and
development of low pass filter (LPF) at 60 GHz. The present
design uses stepped impedance method in suspended strip
line.  The design is modeled and optimized using CST
(Computer Simulation Technology) microwave studio. The
design of a filter types that Tchebysheve 0.1 dB ripple in the
passband with the standard bandwidth of 2% and 30 dB
attenuation at 94 GHz. The 60 GHz low  pass filter exhibits
an insertion loss of 1 dB with 3 dB relative bandwidth at a
cut-off frequency of 60 GHz and the return loss is better than
-18 dB at a cut-off frequency. The designed and fabricated
low pass filter shows the good performance for planar
integrated millimeter-wave circuits.

Keywords – LPF, End Coupled, Suspended Stripline,
Transition.

I. INTRODUCTION

A microwave filter is a two-port network used to control
the frequency response at a certain point in a microwave
system by providing transmission at frequencies within the
pass band of the filter and attenuation in the stop band of
the filter. The insertion method can be used to characterize
a filter response in microwave. It is defined as the ratio of
power available from source to power delivered to load.
There are two common types of filter characteristics.
1. Maximally flat
2. Equal ripple (or Chebyshev) filters

The detail of the chebyshev response is presented here
which is used in designing.

Equal ripple (or Chebyshev) filters: It provides a sharper
cut off, however the pass band has ripples of amplitude
1+k2. It is specified by [1]

(1)
TN(x) oscillates between +1 and –1. k2 determines the pass
band ripple level.

Fig.1. Low-pass filter response for equal ripple filter.
Frequency vs. power loss

II. LOW PASS FILTER DESIGN METHODOLOGY

Ladder circuits, as shown in figure 2, gives the power
loss characteristics of those filter types. The lumped
circuits elements are shunt capacitors and series inductors
as shown in figure below. For maximally flat or equal

ripple response in the pass band, the ladder network is
symmetric for odd number of elements. If we let Zin be the
input impedance seen from Rs, then reflection coefficient
is [2]

(2)
Then, power loss ratio becomes

(3)
At w=0, all capacitors open and all inductors short

circuit, and hence Zin=1. PLR is zero for maximally flat and
equal ripple filter when N is odd. For equal ripple with N
is even PLR=1+k2 at w=0.

Fig.2. Low-pass ladder prototype filter networks

Equal ripple low pass filter element values can be
calculated by [3]

N even

gN+1=1 N odd (4)
When element gN is a capacitor gN+1=R, but when gN is

an inductor gN+1=1/R. I

(5)

III. DESIGN STEPS

1. Filter Transformation: The low pass prototype
element values which are calculated for R=1 and wc=1 can
be modified for arbitrary source impedance and cut off
frequency. In addition, by frequency transformation, band
pass and high pass filter element values can be obtained or
vice versa.
2. Impedance and Frequency Transformation:
Element values calculated for wc=1 and R=1 can be
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transformed for arbitrary cut off frequency wc and source
impedance R0 by using following simple equations [3]

L’ = R0L/wc

C’= C/(R0wc) (6)
3. Step-Impedance Low Pass Filter Design: Low pass
filter can be realized by using alternating sections of very
high and very low characteristic impedance lines. It can be
implemented either in Microstrip or stripline. Impedance
values are limited by fabrication. Typical value is 150
for Zh (highest impedance) and 10 for Zl (lowest
impedance). Because of the approximations involved the
electrical performances are not perfect but they are easier
to design and take less place compared to other designs
[4].
4. Approximate Equivalent Circuits for short section
transmission line: Z-parameters for transmission line
having Zo characteristic impedance given by,

ljZ
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(7)

The series elements of T equivalent circuit are given by
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and shunt element value is Z12. The equivalent circuit
(figure 3) has the following element values:
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(9)

Assuming length is short and the characteristic
impedance is large then,

0
0




B

lZX 
(10)

The result implies that it is a series inductor. Similarly,
assuming very small characteristic impedance results in a
shunt capacitor.

lYB

X

0

0


 (11)

Fig.3. Approximate equivalent circuits for transmission
lines

a) T equivalent circuit for a TL, b) Equivalent circuit for
large Zo, c) Equivalent circuit for small Zo.

From Eq (9) for the inductor,
l=LR0 / Zh (12)
And From Eq (10), for the capacitor [5]
l=CZl/R0 (13)

A typical view of the stepped impedance low pass filter
can be seen in figure 4.

Fig.4. Microstrip layout of low pass filter

The design cut off frequency for the Low pass filter is
chosen 60 GHz because the IF frequency (1.25 GHz) is the
low frequency which will give a large circuit in microstrip
realization. The LPF is considered to exhibit the
chebyshev response with the 0.1 db ripple and a rejection
of at least 30 dB at the frequency greater than the LO
frequency (94 GHz).

From the graph of insertion loss Vs frequency shown in
figure 1of appendix A, for the ripple = 0.1 dB and
rejection > 30 dB at fa=94 GHz, we have
No. of elements in the filter is N=7
For n=7, we have normalized inductance and capacitors
are [2]

g0 = g8 = 1
g1 = g7 = 1.1811
g2 = g6 = 1.4228
g3 = g5 = 2.0966
g4 = 1.5733
LPF will be realized using the high-low impedance

technique, therefore taking the Zh=124 and Zl=32. This
value of high impedance is chosen because of the MIC
fabrication limitations. Taking the capacitor as the first
element in the LPF, from equation (12) and (13) in the
previous section in which L and C are the normalized
inductance and capacitance, we have
l1 = 1.1811 * 50/ 124 = 0.47625 * 180 / 3.14 = 27.3°
(Electrical) = 0.21287 mm

l2 = 1.4228 * 32/ 50 = 0.91059 * 180 / 3.14 = 52.2°
(Electrical) = 0.42299 mm

l3 = 2.0966 * 50 /124 = 0.8454 * 180 / 3.14 = 48.46°
(Electrical) = 0.377867 mm

l4 = 1.5733 * 32 / 50 = 1.006912 * 180 / 3.14 = 57.72°
(Electrical) = 0.46953 mm

IV. SIMULATED RESULTS

The filter is then modeled in CST microwave studio.
The CST model and simulation results of filter are shown
in Fig.4 and Fig.5 respectively.
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Fig.4. CST Model of 5 section band pass filter

Fig.5. Simulated S-Parameter result

V. CONCLUSION

This paper has been to analyze and filter design for
telecom applications narrowband, using a simulation tool
powerful software CST (Computer Simulation
Technology) microwave studio.

The above filter were tested from DC to 100 GHz.
Suspended stripline filter has 1.5-2.5 dB insertion loss
over a bandwidth of DC-60 GHz. The deviation observed
was mainly attributed to the mechanical housing. This
filter can be used at output of crossbar mixer to reject LO
signal as well as RF signal at 94 GHz frequency band.
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