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Abstract

This paper presents the design of a 4-bit switched attenuator operating in the frequency range of DC to 8 GHz band. The attenuator
is fabricated using a 28-nm bulk CMOS process for verification. The designed attenuator employs switched T-type and m-type structures,
with a simplified m-type circuit to reduce size for the 0.5 dB bit. Additionally, an inductor is added between the 0.5 dB bit and the
1 dB bit to improve input and output matching. Measured input and output return loss in the frequency band of DC to 8 GHz is greater
than 11.45 dB, insertion loss is less than 2.69 dB, the measured RMS gain error is less than 0.64 dB, and the RMS phase error is
less than 1.42°. The actual size of the attenuator, excluding the RF and DC pads, is 0.236x0.146 mnr.
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Fig. 1. Schematic of designed 4-bit switched T/z-type atte-
nuator.
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Fig. 2. Equivalent schematic operation mode of the T-type
attenuator.
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attenuator.
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Fig. 4. Equivalent schematic operation mode of the sim-
plified 7-type attenuator.
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Fig. 5. Microphotograhy of fabricated attenuator.
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Fig. 7. Simulation and measurement results.
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Table 1. Comparison with other works.

Ref. This work Ref. [4] Ref. [5]
28 nm 65 nm 250 nm
Tech. .
CMOS CMOS BiCMOS
Swited T/ | Swited T/7 | Swited T/7
Topology
type type type
Freq. (GHz) DC-8 DC-50 6-12.5
Range/step (dB) 7.5/0.5 15.5/0.5 16.5/0.26
IL (dB) 1.71~2.69 1.5~59 <12.7
RL (dB) >11.45 >12 >13
RMS gainerror (dB) <0.64 <0.25 <0.26
RMS phase error (°) <142 <35 <35
Area (mn) 0.034 0.036 0.29
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