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ABSTRACT

Beam forming techniques are used to increase the
efficiency of using frequency. In this paper we
design and implement Butler matrix to be used for
ISM band. The implemented Butler matrix has the
insertion loss of maximum 6.7dB and the maximum
phase shift error of -6.51° ~ 7.17° over 2.4 -~
2.485GHz.
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Fig. 1. Configuration of 4 x 4 Butler matrix

E 1.4 x 4 W5 mlEZAY g1EH BA
Table 1. Input/output characteristics of 4 x 4 Butler matrix

Input Output(Port 5, 6, 7, 8)

equal amplitude of Pin/4 and -45° of phase
Port 1 .

shift at each port

qual amplitude of Pin/4 and 135° of phase
Port 2 .

shift at each port

equal amplitude of Pin/4 and - 135° of phase
Port 3 .

shift at each port
Port 4 equal amplitude of Pin/4 and 45° of phase

shift at each port
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Fig. 3. Circuit configuration of simultaneously EM and
schematic circuit simulation
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Fig. 4. Simulation results of the designed Butler
matrix (Frequency range: 2.4 ~ 2.485GHz)
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Table 2. Measurement results of the implemented Butler matrix

Items Measurement Results Error
Frequency 24 ~ 2.485GHz -
Range
Insertion 625 ~ 6.7dB )
Loss
-45° -44.35° ~-48.03°(@2.45GHz) |-3.03°~0.65°

135° 133.36° ~135.45°(@2.45GHz) |-0.45° ~1.64°

-135° -130.36° ~-139.84°(@2.45GHz)|-4.84° ~4.64°

45° 38.49°~52.17°(@2.45GHz) |-6.51°~7.17°
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Fig. 5. Measurement results of the implemented Butler
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