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Why CMOS for Broadband Amplification? 

• The highest level of integration

• The lowest fabrication costs

• Fast scaling and high-yield technology

• The availability of several metal layers for construction 
of passive components
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Broadband CMOS Design Challenges

• Lower transistor speed 
– results in lower gain and bandwidth

• Highly conductive substrate
– adds to the losses of the passive components 

and interconnects, which in turn limits the gain 
• Poorer noise performance

– makes achieving ultra low-noise performances 
more difficult
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Gain-Bandwidth Tradeoff of Convention Broadband Amp lifiers

Example: Inductive Peaking
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Distributed Amplification: No Gain-BW Trade-off (1)

• Distributed amplifiers are constructed of two 
transmission lines that connect drains and gates of 
FETs.

• Parasitic capacitors of transistors are absorbed into 
the transmission line, no longer limiting the bandwidth 
of amplifier.
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Distributed Amplification: No Gain-BW Trade-off (2)

• Bandwidth of a DA is determined by the cut-off 
frequencies of gate and drain transmission lines:

• Power gain of amplifier is proportional to N2
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Implementation of DAs in CMOS Technology

• As regular-size interconnects are not considered 
distributed elements (TLs), we artificially construct 
TLs by a ladder of LC components:
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On-Chip Inductor Metal and Substrate Losses (1)
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On-Chip Inductor Metal and Substrate Losses (2)
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Effects of Inductor Losses on DA’s Gain
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Using Negative Resistors for Loss Compensation
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Proposed Loss-Compensated CMOS DA
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Proposed Loss-Compensated DA– S Parameters
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Proposed Loss-Compensated DA – Noise Figure
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Proposed Loss-Compensated DA - Stability
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Results Comparison
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CMOS Distributed Amplifier’s Noise Sources

• Sources of noise in distributed amplifiers

– Transistors 

– Terminating resistors (particularly gate resistor)

– On-Chip inductors (particularly gate inductors)
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Distributed Amplifier Noise Reduction Technique

• To reduce noise figure of DA:

– The terminating resistor is replaced by a 
frequency-dependent resistor which trades off the 
low frequency input matching of the distributed 
amplifier with a better noise performance.

– Transistors’ size is optimized for the best noise 
performance
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Low-Noise DA Design (3) –Proposed Circuit
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DA’s Input Matching versus Noise Figure
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Proposed Low-Noise DA – S Parameters
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Proposed Low-Noise DA Design – Noise Figure
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Proposed Low-Noise DA – Linearity
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Results Comparison
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Conclusions

• The solution for two major challenges in the design of 
CMOS DA have been presented:
– A loss-compensated CMOS DA (10 dB, 44 GHz)
– A UWB low-noise CMOS DA (12 dB, 3-10 Ghz)

• We believe that distributed amplification become a 
viable circuit topology for broadband CMOS 
amplifiers.

• Improving the quality of the on-chip transmission lines 
will result in a better performance for  next generation 
CMOS DAs.


