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Abstract

This study deals with a 5-bit attenuator operating in the 10~15 GHz band. This attenuator actively uses transistors with a large
effective width to reduce insertion loss, reduces process variation with an attenuator using a 'm-type structure with removed tail
resistance,’ and minimizes size and insertion loss using a 'simplified T-type attenuator' that short circuits the RF power input and output.
This 5-bit attenuator has a core size of 0.1 mmx0.3 mm, minimum return loss of 14.5 dB, maximum insertion loss of 1.86 dB,
maximum RMS (root mean square) phase error of 3.37°, and an RMS gain error of 0.24 dB.
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Fig. 1. Basic attenuator operating principle.
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Fig. 2. Operation type of existing II-type attenuator.
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Fig. 4. Operation mode of attenuated T-type attenuator.
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Fig. 5. Effective width of the pass transistor of each bit.
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Fig. 6. Entire structure of attenuator.
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Fig. 7. Simulation and measurement results of return loss
of attenuator.
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Fig. 8. Simulation and measurement results of attenuator S.
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Fig. 9. Attenuator RMS gain error and RMS phase error
simulation and measurement results.
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Fig. 10. Microphotograph of fabricated circuit.
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Table 1. Performance comparison with other attenuators.

This
Ref. work Ref. [2] | Ref. [3] | Ref. [4]
Process 130 nm O.ISSiG,:m OlzssiG/;m 65 mm
SOI CMOS

BiCMOS | BiCMOS

Frequency (GHz) |10~15| 22~29 | 6~12.5 | DC~50

Return loss (dB) >14.58 | >99 >13 >12

Insertion loss (dB) | <1.85 <1.9 <12.7 <5.9

Attenuation range (dB)| 15.5 14.5 16.51 15.5

02
RMS GE (B) | <024 | <051 | <026 |50

RMS PE (degree) | <449 | <47 | <35 26
& ' ' ° | @de28G

Chip area (mm’) | 003 | 094 029 | 0.036
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