
Introduction 
Microwave circuits have three main parameters that 
establish its performance: dynamic range, sensitivity, 
and selectivity. The ý rst two are dictated by the noise 
ý gure and linearity of the devices. The selectivity depends 
mostly on the noise contribution, either from a signal 
generator or signal processor. Noise contribution is 
commonly described in term of phase noise, which is 
mainly due to the semiconductor materials, device selection 
criteria, and circuit design techniques. Therefore, for the 
highly non-linear type of circuit, phase noise is an important 
characteristic and its accurate prediction is critical.

SmartSpiceRF Features
Phase noise simulation of the autonomous circuits is a 
two-stage process:

1) Finding the Frequency of oscillation, Amplitude 
(Power), and Shape of the produced signal (carrier) by 
providing  Periodic Steady-State Analysis (PSS);

2) Simulating phase noise due the device noise contribution 
by providing Noise Analysis over the given frequency 
sideband.

SmartSpiceRF has implemented two methods of PSS 
analysis, which allow the effective handling of different 
topologies of autonomous circuits, such as a high-Q LC 
(crystal) tank oscillators, and ring oscillators:

- Frequency-domain Harmonic Balance Optimization 
method (.HOSCIL analysis statement);

 - Time-domain Shooting method can be used with any 
of the one-tone analyses (.HARM, .HNOISE, etc. 
analyses statements).

The simulation examples are applied to the 3 GHz range 
voltage-controlled ring oscillator, which consists of 50 
MOS devices and is a part of PLL circuit design. The 
project uses the TSMC 90nm CMOS logic salicide (1P9M 
1.0V/3.3V) process that provides models of MOSFET, 
bipolar, diode, interconnect, and passive components.

Phase Noise Simulation 
with SmartSpiceRF

Periodic Steady-State Analysis
To setup PSS analysis for batchprint mode the following 
Dot statements have to be included into the input deck:

a) By Harmonic Balance method:

b) By Shooting method:

Where: FOUT is the output port name;

Probe(xi0.feedback2) is the probe, connected 
to the given node;

Fund_Osc, Fund <=3GHz> is the estimated 
oscillation frequency.

To set up PSS analysis in GIU mode, the dialog windows, 
shown in Figures 1 ï 3, can be used.

Figure 1. PSS analysis dialog window.




