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For a 50 Q system, design a 4"-order, lumped-element, linear phase bandpass filter with a
center frequency of 2.4 GHz and a bandwidth of 20% using the architecture of Fig. 8.25a.
a) Determine the low-pass filter prototype element values. b) Draw a labeled sketch of the
scaled and transformed filter with component values. c¢) Draw a labeled sketch of the filter
in phasor form with V;= 120° V. d) Plot the amplitude response |V;| in decibels with
horizontal dashed lines at 20log(0.5) & 20log(0.5/72) and vertical dashed lines at 2.4 +
10% GHz for 1 <f<4 GHz and -25 < |};| < -5 dB. Plot £V, (deg) for 1 <f<4 GHz with
vertical dashed lines at 2.4 = 10% GHz.

a) From Table 8.5, we get the immittances:

g9 = g5 = 1 (resistors), g1 = 1.0598 (capacitor), g2 = 0.5116 (inductor),
g3 = (0.3181 (capacitor), and g4 = 0.1104 (inductor).

TABLE 8.5 Element Values for Maximally Flat Time Delay Low-Pass Filter Prototypes

wc=1,N=lt010)

81 82 83 84 85 E{ g7 838 89 £10 811

2.0000  1.0000
1.5774 0.4226 1.0000

1.2550 0.5528 0.1922 1.0000

1.0598 0.5116 03181 0.1104 1.0000|

0.9303 0.4577 03312 0.2090 0.0718 1.0000

0.8377 04116 03158 02364 0.1480 0.0505 1.0000

0.7677 0.3744 02944 0.2378 0.1778 0.1104 0.0375 1.0000

0.7125 0.3446 02735 0.2297 0.1867 0.1387 0.0855 0.0289 1.0000

0.6678 0.3203 0.2547 0.2184 0.1859 0.1506 0.1111 0.0682 0.0230 1.0000
0.6305 0.3002 0.2384 0.2066 0.1808 0.1539 0.]240 0.0911 0.0557 0.0187 1.0000
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Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham, Mass., 1980, with permission.

b) Given A=0.2 and @y=2m (2.4 x 10°) rad/s. Per Table 8.6 and using (8.64a) & (8.64b) for
impedance scaling, each shunt capacitor in the prototype becomes a shunt L & C:

Ci = g1 = 1.0598 becomes: L= AR, _ 0'2(590) Ly’ =0.626 nH.
w,g, (27)2.4x10°(1.0598)

and C, =—51_ - 10598 C1’ =17.028 pF.
w,AR, (27)2.4x10°(0.2)50

C; =g3=0.3181 becomes: L, = AR, _ 0.2 (590) L3> =2.085 nH.
@,g, (27)2.4x10°(0.3181)

and C, =—& 03181 Cy’ =2.109 pF.

0, AR, (27)2.4x10°(0.2)50
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» Per Table 8.6 and using (8.64a) & (8.64b) for impedance scaling, each series inductor in
the prototype becomes a series L & C:

;%R 05116(50)
o, A (27)2.4x10°(0.2)
A 0.2
o, 2, R,  (27)2.4x10°(0.5116)50

L, =g,=0.5116 becomes: L’ =8.482 nH.

and C, =

¢y’ =0.518 pF.

. g,R _ 0.1104 (50)
Yo A (27)2.4x10°(0.2)
A 0.2
T, g R, (27)24x10°(0.1104)50

Ls=g4=0.1104 becomes: L4 =1.830 nH.

Cs> =2.403 pF.

> Per (8.64c¢), the source resistance Ry=go becomes: R, =R, g,=(50)1 = R, =50Q.

> Per (8.64d), the load resistance R, =gs becomes: R, =R, g,=50(1) = R/’ =50Q.

» The resulting linear phase bandpass filter circuit with component values is:

R =500 L,=8.48nH C,=0.52pF L,=1.83nH C,=2.40pF
: Fr—i| wwr—|
V le J—CIZ L3: J_C3: L:
; 0.63nH -l-7.03 pF 2.08nH -|-2.11 pF 500

c) From circuits, use Zr=R, Z,=jwL, and Zc= -j/ oC.

The resulting linear phase bandpass filter circuit in phasor form is:

212: . Zc2: ZM: . Zc4:
j©8.48x107°Q -j/ai(l).sleo’”g Jj©1.83x107Q -ji/lcoz.mxlo’”g

1 T ]

+
ZII: ch: 213: Z = RL:

3

jco0.63x10“"9T-j/w7.03x10"29 jm2.08x10'°s2T-j/mz.nxlo'”g V. 50Q
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d) Using MathCAD
System impedance Z0 := 50 n:= 100.. 400 f, = n-lﬂ?
Linear phase lumped element design N = 4 fc .= 2.4 1[]EJ Hz MNo=10.2
Table 8.3 LPF prototype g0 :=1 gl .= 1.0598 g2:=0.5116 g3 := 0.3181
g4 :=0.1104 g5:=1 RS = g0-Z0 RL := Z0-g5
parallel L. & C series L & C
A-Z0 ol 92-Z0 A
Lli=——— Cli=——— L2=— C2=———
2-m-fegl Z0-A-2m-fe 2-mfe- A Z0-g2-2m-fe
A-Z0 o3 g4-Z0 A
3= ——— = —_— L4 = ——— C4d = ———
2-m-fe- g3 Z0-A-2m-fe 2-mfe- A Z0-g4-2m-fe
VS=1V RS=50 & RL = 50 Q
— 10 —12
L1 =6.257x10 H Cl=7.028 =« 10 F
12=-8482x10° H c2=5185x10 2 F
L3=2085x10° H C3=2100x10 2 F
L4=183x10° H C4=2403x10 2 F
Series impedance of RL., C4, & L4 Z1{(f) = RL + +1-2-(mf-L4
p (£) Ganmfcay (m-f-1L4)
1 1 -1
Parallel mpedance of Z1, L3, & C3 Z2(f) = + — +3-2.mt-C3
Z1(f) ~ (j-2-mfL3)
Series mmpedance of L2, C2, & Z2 Z3(f)y = 1-2-m-f L2+ + Z2(f
p (f):=3-2-m Gamicy) (f)
1 1 -1
Input impedance of BPF filter w/ Zm(f) := + +1-2-m£-Cl1
oad n(®) [ZS(f) G2mtLy 57 }
. Zin(f
Voltage divisions to get Vin & VRL Vin(f) = VS- &
RS + Zin(f)

Z2(f)
Z3(f)

VZ2(t) .= Vin(f)-

RL
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d) cont.

VIN, =

vertL :=

VL_dB,

20-log (0.5)

» Note: The linear phase BPF has NOT rolled off 3 dB at f.=2.4+10% GHz.

2.16-10°

vertH =

2.16-10°

-5

2.64-10°

2.64-10°

Vin(f,) VL, := VRL(f,) VL_dB, :

20-log(|VLy|)

4/4

. 180

VLdeg, = arg(VLnJ'I —

180
J vertd = [ J
2 —180

™

—10

—15

4x10°

—25
1x10°
100f
VL0degy
vertd oF
vertd
—100f
1x10°

2410°

£, vertl vertH

3x10°

4x10°



