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Preface

This manual assumes that you are familiar with RF circuit design and that you have some
familiarity with SPICE simulation. It contains information about theVirtuoso™ SpectreRF
Simulation Option as it is used within the analog design environment. The SpectreRF
Simulation Option is also known as SpectreRF in the software and in this manual.

SpectreRF analyses support the efficient calculation of the operating point, transfer function,
noise, and distortion of common RF and communication circuits, such as mixers, oscillators,
sample and holds, and switched capacitor filters.

Related Documents

The following documents can give you more information about SpectreRF and related
products.

m  To learn more about the Analog Circuit Design Environment, consult the Virtuoso*
Analog Circuit Design Environment User Guide.

m  To learn more about SpectreRF Simulator Option theoretical concepts, see Virtuoso*
SpectreRF Simulation Option Theory.
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SpectreRF Analyses

The SpectreRF analyses add capabilities to the Spectre circuit simulator, such as direct,
efficient computation of steady-state solutions and simulation of circuits that translate
frequency. You use the SpectreRF simulator analyses in combination with the Fourier
analysis capability of Spectre simulation and with the Verilog®-A behavioral modeling
language.

Periodic Analyses

The SpectreRF analyses add periodic large and small-signal analyses to Spectre simulation.
m  Periodic Steady-State Analysis, PSS (Large-Signal)

m  Periodic AC Analysis, PAC (Small-Signal)

m  Periodic S-Parameter Analysis, PSP (Small-Signal)

m  Periodic Transfer Function Analysis, PXF (Small-Signal)

m  Periodic Noise Analysis, Pnoise (Small-Signal)

Periodic Steady-State (PSS) analysis is a large-signal analysis that directly computes the
periodic steady-state response of a circuit. With PSS, simulation times are independent of the
time constants of the circuit, so PSS can quickly compute the steady-state response of
circuits with long time constants, such as high-Q filters and oscillators. You can also sweep
frequency or other variables using PSS.

After completing a PSS analysis, the SpectreRF simulator can model frequency conversion
effects by performing one or more of the periodic small-signal analyses, Periodic AC analysis
(PAC), Periodic S-Parameter analysis (PSP), Periodic Transfer Function analysis (PXF) and
Periodic Noise analysis (Pnoise). The periodic small-signal analyses are similar to the
Spectre AC, SP, XF, and Noise analyses, but you can apply the periodic small-signal analyses
to periodically driven circuits that exhibit frequency conversion. Examples of important
frequency conversion effects include conversion gain in mixers, noise in oscillators, and
filtering using switched-capacitors.
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Therefore, with periodic small-signal analyses you apply a small signal at a frequency that
may be noncommensurate (not harmonically related) to the small signal fundamental. This
small signal is assumed to be small enough so that it is not distorted by the circuit.

Quasi-Periodic Analyses

The SpectreRF analyses add quasi-periodic large and small-signal analyses to Spectre
simulation.

m  Quasi-Periodic Steady-State Analysis, QPSS (Large-Signal)

m  Quasi-Periodic AC Analysis, QPAC (Small-Signal)

m  Quasi-Periodic S-Parameter Analysis, QPSP (Small-Signal)

m  Quasi-Periodic Transfer Function Analysis, QPXF (Small-Signal)

m  Quasi-Periodic Noise Analysis, QPnoise (Small-Signal)

Quasi-Periodic Steady-State (QPSS) analysis, a large-signal analysis, is used for circuits with
multiple large tones. With QPSS, you can model periodic distortion and include harmonic
effects. (Periodic small-signal analyses assume the small signal you specify generates no
harmonics). QPSS computes both a large signal, the periodic steady-state response of the
circuit, and also the distortion effects of a specified number of moderate signals, including the
distortion effects of the number of harmonics that you choose.

With QPSS, you can apply one or more additional signals at frequencies not harmonically
related to the large signal, and these signals can be large enough to create distortion. In the
past, this analysis was called Pdisto analysis.

Quasi-Periodic Noise (QPnoise) analysis is similar to a transient noise analysis, except that
it includes frequency conversion and intermodulation effects. QPnoise analysis is useful for
predicting the noise behavior of mixers, switched-capacitor filters and other periodically or
quasi-periodically driven circuits. QPnoise analysis linearizes the circuit about the quasi-
periodic operating point computed in the prerequisite QPSS analysis. It is the quasi-
periodically time-varying nature of the linearized circuit that accounts for the frequency
conversion and intermodulation.

The Quasi-Periodic AC (QPAC), Quasi-Periodic S-Parameter (QPSP) and Quasi-Periodic
Transfer Function (QPXF) analyses all work in a similar way for their respective type of
analyses.
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Envelope Following Analysis

Envelope Following analysis allows RF circuit designers to efficiently and accurately predict
the envelope transient response of the RF circuits used in communication systems.

Large vs. Small Signal Analysis

SpectreRF provides a variety of time-varying small signal analysis for both periodic and
guasi-periodic circuits. These small-signal analyses accurately model the frequency
translation effects of time-varying circuits. Rather than using traditional small-signal analyses
for circuits that exhibit frequency translation, such as amplifiers and filters, you can simulate
these circuits using time-varying small-signal analyses.

Circuits designed to translate from one frequency to another include mixers, detectors,
samplers, frequency multipliers, phase-locked loops, and parametric oscillators. Such circuits
are commonly found in wireless communication systems.

Other circuits that translate energy between frequencies as a side effect include oscillators,
switched-capacitor and switched-current filters, chopper-stabilized and parametric amplifiers,
and sample-and-hold circuits. These circuits are found in both analog and RF circuits.

The quasi-periodic small-signal analyses accurately model the small signal characteristics of
circuits with a quasi-periodic operating point, such as mixers with multiple LO frequencies or
large RF inputs. The periodic small-signal analyses are more useful for circuits with a single
fundamental frequency.

Applying a time-varying small-signal analysis is a two-step process.

1. First, the simulator ignores the small input or noise signals while performing a PSS or
QPSS analysis to compute the steady-state response to the remaining large-signals,
such as the LO or the clock. The initial PSS or QPSS analysis, linearizes the circuit about
the time-varying large-signal operating point.

2. For each subsequent small-signal analysis, the simulator uses the time-varying
operating point computed by the PSS or QPSS analysis to predict the circuit response
to a small sinusoid at an arbitrary frequency. You can perform any number of small-signal
analyses after calculating the time-varying large-signal operating point.

The input signals for the small-signal analyses must be sufficiently small that the circuit
does not respond to them in a significantly nonlinear fashion. You should use input
signals that are at least 10 dB smaller than the 1 dB compression point. This restriction
does not apply to the signals you apply in the large-signal analysis.
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This two-step process is widely applicable because most circuits that translate frequency
react in a strongly nonlinear manner to one stimulus, usually either the LO or the clock, while
they react in a weakly nonlinear manner to other stimuli such as the inputs. A mixer is a typical
example. Its noise and conversion characteristics improve if it is discontinuously switched
between two states by the LO, yet it must respond linearly to the input signal over a wide
dynamic range.

m  To analyze a mixer with a small RF input and a single LO, you should use a PSS large-
signal analysis followed by one or more of the PAC, PNoise, PSP or PXF small-signal
analyses.

m If the mixer has a small RF input and a large blocker as well as the LO, then a QPSS
analysis would be the more appropriate large-signal analysis. Follow the QPSS analysis
with one or more of the QPAC, QPNoise, QPSP or QPXF small-signal analyses for the
RF input.

Some circuits, such as frequency dividers, generate subharmonics. PSS can simulate the
large-signal behavior of such circuits if you specify the period T to be that of the subharmonic.
For other circuits, such as delta-sigma modulators, the periodically driven circuits respond
chaotically, and you must use transient analysis rather than the PSS or QPSS analyses.

With the time-varying small-signal analyses such as QPAC or PXF, unlike traditional small-
signal analyses such as AC or XF, there are many transfer functions between any single input
and output due to harmonics. Usually, however, only one or two harmonics provide useful
information. For example, when you analyze the down-conversion mixers found in receivers,
you want to know about the transfer function that maps the input signal at the RF to the output
signal at the IF, which is usually the LO minus the RF.

Unlike harmonic balance methods, the combination of PSS or QPSS and a time-varying
small-signal analyses is efficient for circuits that respond in a strongly nonlinear manner to
the LO or the clock. Consequently, you can use the SpectreRF simulations with strongly
nonlinear circuits such as switched-capacitor filters, switching mixers, chopper-stabilized
amplifiers, PLL-based frequency multipliers, sample-and-holds, and samplers.
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Descriptions of SpectreRF Analyses

SpectreRF simulation provides unique analyses that are useful on RF circuits. These
analyses directly compute the steady-state response and the small-signal behavior of circuits
that exhibit frequency translation.

The individual SpectreRF analyses described in this section are

m PSS, periodic steady-state analysis (large-signal analysis)

O

O

ad

O

PAC, periodic AC analysis (small-signal analysis)

PSP, periodic S-parameter analysis (small-signal analysis)

PXF, periodic transfer function analysis (small-signal analysis)

Pnoise, periodic noise analysis (small-signal analysis)

m  QPSS, guasi-periodic steady-state analysis (large-signal analysis)

O

O

O

ad

QPAC, guasi-periodic AC analysis (small-signal analysis)

QPSP, guasi-periodic S-parameter analysis (small-signal analysis)

QPXF,_guasi-periodic transfer function analysis (small-signal analysis)

QPnoise, gquasi-periodic noise analysis (small-signal analysis)

= Envip, envelope following analysis

If a parameter or feature described in the Spectre Reference manual is not mentioned here,
it is not accessible through the Analog Circuit Design Environment.
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Periodic Steady-State Analysis

The PSS analysis computes the periodic steady-state response of a circuit at a specified
fundamental frequency, with a simulation time independent of the time-constants of the
circuit. The PSS analysis also determines the circuit’s periodic operating point which is the
required starting point for the periodic time-varying small-signal analyses: PAC, PSP, PXF,
and Pnoise.

The PSS analysis works with both autonomous and driven circuits. See “PSS Analysis with
Autonomous and Driven Circuits” on page 41 for more information.

The PSS Algorithm

SpectreRF simulation uses a technique called the shooting method to implement PSS
analysis. This method is an iterative, time-domain method that finds an initial condition that
directly results in a steady-state. It starts with a guess of the initial condition.

The shooting method requires few iterations if the final state of the circuit after one period is
a near-linear function of the initial state. This is usually true even for circuits that have strongly
nonlinear reactions to large stimuli (such as the clock or the local oscillator). Typically,
shooting methods need about five iterations on most circuits, and they easily simulate the
nonlinear circuit behavior within the shooting interval. This is the strength of shooting
methods over other steady-state methods such as harmonic balance.

A new approach to Fourier analysis makes PSS analysis more accurate with strongly
nonlinear circuits than previous methods. Cadence’s Fourier integral method approaches the
accuracy of harmonic balance simulators for near-linear circuits, and far exceeds it for
strongly nonlinear circuits.

In the case of a driven circuit, when you set er r pr eset to either noder at e or
conservat i ve, SpectreRF automatically performs a high-order refinement after the
shooting method. SpectreRF uses the Multi-Interval Chebyshev polynomial spectral
algorithm (MIC) to refine the simulation results. When you set the hi ghor der flag to no, MIC
is turned off. However, when you set the hi ghor der flag explicitly to yes, SpectreRF will try
harder to converge. In a case where MIC fails to converge, SpectreRF falls back to the original
PSS solution. For more information, see “The High-Order and Finite Difference Refinement
Parameters” on page 42 and “The errpreset Parameter in PSS Analysis” on page 44.

You can also use the finite difference (FD) refinement method after the shooting method to
refine the simulation results. For more information, see “The High-Order and Finite Difference

Refinement Parameters” on page 42.
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Parameters for PSS Analysis

Simulation Interval Parameters
period (s) Steady-state analysis period (or its estimate for autonomous circuits).

fund (Hz) Alternative to period specification. Steady state analysis fundamental
frequency (or its estimate for autonomous circuits).

tstab=0.0 (s)  Extra stabilization time after the onset of periodicity for independent
sources.

tstart=0.0 (s) Initial transient analysis start time.

Time-Step Parameters

maxstep (S) Maximum time step. Default derived from er r pr eset . See “The
errpreset Parameter in PSS Analysis” on page 44.

maxacfeq Maximum frequency requested in a subsequent periodic small-
signal analysis. Default derived from er r pr eset and
har ns.See “The errpreset Parameter in PSS Analysis” on
page 44.

step=0.001[period (s) Minimum time step that would be used solely to maintain the
aesthetics of the results.

Initial-Condition Parameters
ic=all Sets initial conditions. Possible values are dc, node, dev, or al | .

skipdc=no  Determines how the initial solution is calculated. Possible values are no, yes
and si gr anpup.

readic File that contains the initial condition.

Convergence Parameters
readns File that contains the estimate of the initial transient solution.

cmin=0 F Minimum capacitance from each node to ground.

Output Parameters

harms=9 Number of harmonics to output when
out put t ype=freqorout puttype=all.

harmsvec=[...] Array of desired harmonics. Alternate form of har ns that
allows you to select individual harmonics.
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out puttype=ti me for PSS  Output type. Possible values are al | ,ti me orfreq.
out put t ype=fr eq for QPSS

save Signals to output. Possible values are al | , I vl , al | pub,
| vl pub, sel ect ed, or none.

nestivl Levels of subcircuits to output.

oppoint=no Should operating point information be computed for initial
timestep, and if so, where should it be sent. Possible
values are no, screen, l ogfile,orrawfile.

skipstart=starttime s The time to start skipping output data.

skipstop=stoptime s The time to stop skipping output data.

skipcount Save only one of every ski pcount points.

strobeperiod (s) The output strobe interval (in seconds of transient time).

strobedelay=0 (s) The delay (phase shift) between the ski pst art time
and the first strobe point.

compression=no Do data compression on output. Possible values are no
oryes.

saveinit=no If set, the waveforms for the initial transient before steady

state are saved. Possible values are no or yes.

State-File Parameters

write
writefinal

swapfile

writepss

readpss

November 2004

File in which to write the initial transient solution before steady-state.
File in which to write the final transient solution in steady-state.

Temporary file that holds steady-state information. Tells Spectre to use a
regular file rather than virtual memory to hold the periodic operating point.
Use this option if Spectre does not have enough memory to complete the
analysis.

File in which to write the converged steady-state solution. Also sets
finitediff toyestoimprove PSS results.

File from which to read a previously converged steady-state solution. PSS
loads the solution and checks only the residue of the circuit equations. The
solution is re-used if the residue is reasonable. Otherwise, the solution is re-
converged using the finite difference (FD) method.
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Integration Method Parameter

method  Integration method. Default derived from er r pr eset . Possible values are
eul er,trap, traponly, gear 2, or gear 2onl y. See “The errpreset
Parameter in PSS Analysis” on page 44.

Accuracy Parameters
See “The errpreset Parameter in PSS Analysis” on page 44.

errpreset=moderate  Selects a reasonable collection of parameter settings. Possible
values are | i ber al , noder at e or conservati ve.

relref Reference used for the relative convergence criteria. Default
derived from er r pr eset . Possible values are poi nt | ocal ,
al Il ocal , si ggl obal , orall gl obal .

lteratio Ratio used to compute LTE tolerances from the Newton tolerance.
Default derived from er r pr eset .

steadyratio Ratio used to compute steady state tolerances from the LTE
tolerance. Default derived from err pr eset .

maxperiods Maximum number of simulated periods to reach steady-state.
= maxperi ods=20 for driven PSS

= maxperi ods=50 for autonomous PSS

itres=1e™ 4 Relative tolerance for linear solver.

finitediff Refinement options for the finite difference (FD) method after
shooting method for driven circuits. Possible values are no, yes or
refine.

highorder After low-order convergence, perform a high-order refinement

using the Multi-Interval Chebyshev (MIC) polynomial spectral
algorithm. Possible values are no or yes.

psaratio=1 Ratio used to compute high-order polynomial spectral accuracy
from Newton tolerance.

maxorder=16 The maximum order of the Chebyshev polynomials used in
waveform approximation. Possible values range from 2 to 16.

fullpssvec Use the full vector containing solutions at all PSS time steps in the
linear solver. Default derived from the size of the equation and the
property of the PSS time steps. Possible values are no or yes.
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Annotation Parameters
stats=no  Analysis statistics. Possible values are no or yes.

annotate= Degree of annotation. Possible values are no, ti t| e, sweep, st at us, or
sweep st eps.

title Analysis title.

Newton Parameters
maxiters=5  Maximum number of iterations per time step.

restart=yes If any condition has changed, restart the DC solution from scratch. If not,
use the previous solution as the initial guess. Possible values are no or yes.

Circuit Age Parameter
circuitage  Stress Time. Age of the circuit used to simulate hot-electron degradation of
(Years) MOSFET and BSIM circuits.

The Initial Transient Analysis and Timing Relationships for PSS

A PSS analysis consists of two phases
m  The initial transient phase, a standard transient analysis to initialize the circuit.

m  The shooting phase, to compute the periodic steady-state solution for the circuit using
the shooting method.

The initial transient analysis provides a flexible mechanism to direct the circuit to a particular
steady-state solution you are interested in and to avoid undesired solutions. Another use of
the initial transient simulation is to help convergence by eliminating large but fast decaying
modes that are present in many circuits. For example, in the case of driven circuits, consider
the reset signal in Figure 1-1 on page 39.

As shown in Figure 1-1 on page 39, PSS starts by performing a standard transient analysis
for the interval from tgy to tgp Where tyqp _is fonset + tstab * period. If the initial transient results
are relevant, you can output them by setting saveinit to yes. The steady-state results are
always computed for the specified period, from tj; t0 tgq, By default, tg4 and tyy, are set to
zero, while tjnt, tonset @Nd tgqp are always automatically generated.
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Figure 1-1 Initial Transient Analysis and Timing Relationships for PSS.
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The first interval begins at t st ar t , which is normally 0, and continues through the onset of
periodicity t,,s for the independent sources. The onset of periodicity, which is automatically
generated, is the earliest time for which all sources are periodic. The second interval is an
optional user specified stabilization interval whose length is t st ab. The final interval whose
length is per i od for driven circuits, and estimated as 4x per i od for autonomous circuits,
has a special use for the autonomous PSS analysis—the autonomous PSS analysis monitors
the waveforms in the circuit and develops a better estimate of the oscillation period. As is true
for transient analysis, the DC solution is the initial condition for the PSS analysis unless you
specify otherwise.

Table 1-1 Timing Intervals for PSS Analysis

tsiart  Starttime, t st ar t , for the transient analysis that you specify. This value can
be negative or positive and defaults to 0.

tonset Time when the last stimulus waveform becomes periodic. This value is
automatically determined by the simulator for built-in independent sources.

tstap  Additional time that you specify to let the circuit settle. The t st ab parameter is
useful if you want a particular solution for a circuit that has multiple periodic
solutions. A long ty,, might also improve convergence.
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tinit Time when the PSS analysis begins. tinit = tstab + max(tstart, tonset)

period Analysis interval for the PSS analysis determined from the fundamental
frequency (f und) or the per.i od that you specify.

tstop ~ Time when the PSS analysis ends. tstop = tinit + period

Once the initial transient phase is complete, the shooting phase begins. During the shooting
phase, the circuit is repeatedly simulated over one period while adjusting the initial condition
(and the period for autonomous circuits) to find the periodic steady-state solution.

PSS analysis estimates the initial condition for subsequent transient analyses with an interval
peri od. For an accurate estimate for this initial condition, the final state of the circuit must
closely match its initial state. PSS then performs a transient analysis, prints the maximum
mismatch, and generates an improved estimate of the necessary initial condition if the
convergence criteria are not satisfied. This procedure repeats until the simulation converges.

Typically, the simulation requires three to five such iterations to reach the steady-state circuit
response. After completion, if you request it, PSS computes the frequency-domain response.

For driven circuits, you can use wri t epss and r eadpss to save or reuse the steady state
solution from a previously converged PSS simulation.

Within the Analog Circuit Design Environment, you

m  Definetstart inthe simulation Interval Parameters section of the PSS Options
form.

m Define t st ab in the Additional Time for Stabilization section of the PSS Choosing
Analysis form.

The PSS analysis determines the per i od value from the fundamental frequency (f und) you
specify in the Fundamental Tones (PSS and QPSS) section of the PSS Choosing Analysis
form.

Use the ski pdc Initial-Condition Parameter to specify rampup before the transient (t st ab)
analysis. Use ski pdc only for very special cases where there are several DC solutions in the
system.

Set ski pdc=no to calculate the initial solution using the usual DC analysis. (This is the
default.) Set ski pdc=yes to use either the initial solution given in the r eadi ¢ parameter file
or the values specified on the i ¢ statements.

When you set ski pdc=si gr anpup, independent source values start at 0 and ramp up to
their initial values during the first phase of the simulation. After the rampup phase, waveform
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production is enabled in the time-varying independent source.The rampup simulation is from
tgort 1O t i Me=0 seconds. The main simulation is from t i me=0 seconds to tg,,. If you do not
specify the tg,+ parameter, the default start time is set to -0.10tg 4,

The initial transient analysis can direct the circuit to a particular steady-state solution and
avoid unwanted solutions. The initial transient simulation also helps convergence by
eliminating large, but fast decaying, modes in the circuit. In Figure 1-1 on page 39, the initial
transient analysis is executed from the starting time to tgqp,.

You can save the initial transient results by setting savei ni t toyes. The steady-state
results are always computed for the period from tjy;; t0 tsyop. By default, tgiq (tstart ) and
tstap (LSt ab) are set to zero, while tiyjt, tonser, and tgiop are always automatically computed.

In some circuits, the linearity of the relationship between the initial and final states depends
on when the shooting interval begins. Theoretically, the starting time of the shooting interval
does not matter, as long as it begins after the stimuli become periodic. Practically, it is better
to start the shooting interval when signals are quiescent or changing slowly and to avoid
starting times when the circuit displays strongly nonlinear behavior. Choosing a poor starting
time slows the analysis.

PSS Analysis with Autonomous and Driven Circuits

The PSS analysis works with both autonomous (non-driven) and driven (non-autonomous)
circuits.

= Autonomous circuits are time-invariant circuits with time-varying responses. Thus,
autonomous circuits generate non-constant waveforms even though they are not driven
by a time-varying stimulus.The most common autonomous circuit is an oscillator.

= Driven circuits require some time-varying stimulus to generate a time-varying response.
Some common driven circuits include amplifiers, filters, mixers, and so on.

For autonomous circuits, since they do not have drive signals and you do not know the actual
period of oscillation in advance, you estimate the oscillation period and the PSS analysis
computes the precise period along with the periodic solution waveforms. PSS analysis of an
autonomous circuit, requires you to specify a pair of nodes, p and n. In fact this is how PSS
analysis determines whether it is being applied to an autonomous or a driven circuit. If the
pair of nodes is supplied, the PSS analysis assumes the circuit is autonomous; if not, the
circuit is assumed to be driven. See Chapter 5, “Simulating Oscillators,” for an example.

For driven circuits, you specify either the period of the analysis, the per i od parameter, or its
corresponding fundamental frequency, the f und parameter. The per i od parameter value
must be an integer multiple of the period of the drive signals.
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The err pr eset parameter works differently for autonomous (non-driven) and driven (non-
autonomous) circuits. For detailed information, see “The errpreset Parameter in PSS

Analysis” on page 44.

Simulation Accuracy Parameters

The accuracy of your simulation results depends on your accuracy parameter settings, not on
the number of harmonics you request. It is recommended that you adjust the accuracy
parameters using the er r pr eset parameter settings as described in “The errpreset
Parameter in PSS Analysis” on page 44.

Several parameters determine the accuracy of the PSS analysis.The st eadyrati o
parameter specifies the maximum allowed mismatch between node voltages or current
branches from the beginning of the steady-state period to its end. The st eadyr at i o value
is multiplied by the |l t erat i o and r el t ol parameter values to determine the convergence
criterion. The r el t ol and abst ol parameters control the accuracy of the discretized
equation solution. These parameters determine how well charge is conserved and how
accurately steady-state or equilibrium points are computed. You can set the integration error,
or the errors in the computation of the circuit dynamics (such as time constants), relative to
therel t ol and abst ol parameters by settingthe | t er at i o parameter.

You can follow the progress of the steady-state iterations because the relative convergence
norm is printed in the simulation log file along with the actual mismatch value at the end of
each iteration. The iterations continue until the convergence norm value is below one.

Plotting the Current Spectrum

In order to plot the current or power spectrum for a PSS analysis, or for any of the periodic
small signal analyses, you must set up the analysis to put the terminal currents into the
rawfiles associated with the steady-state results. To do this, choose Outputs - Save All to
display the Save Options form where you set cur r ent s=sel ect ed and usepr obes=yes.
You also need to use an i pr obe component from the anal ogLi b library.

The High-Order and Finite Difference Refinement Parameters

The hi ghor der parameter specifies the use of the high-order Chebyshev refinement
method (MIC) which is used after the shooting method to refine the shooting method’s steady-
state solution. The hi ghor der parameter applies only to the driven case and when
errpreset is setto either noder at e or conservati ve.

= When hi ghor der =no, the MIC method is turned off.
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m  When hi ghor der =yes, the MIC method tries harder to converge.

m  Whenerrpreset issetto either noder at e orconser vati ve and hi ghor der is not
set by the user, MIC is used but it does not aggressively try to converge unless
hi ghor der is explicitly set to yes.

Thefi ni tedi ff parameter specifies the use of the finite difference (FD) refinement
method which is used after the shooting method to refine the simulation results. This flag is
only meaningful when the hi ghor der flag is set to no.

m  Whenfinitediff=no, the FD method is turned off.
m  Whenfinitediff=yes, PSS applies the FD refinement method.

m  Whenfinitediff=refine, PSS appliesthe FD refinement method and tries to refine
the time steps.

When the simulation uses the 2nd-order method, uniform 2nd order gear is used. When
readpss and wri t epss are used to re-use PSS results, the fi ni t edi ff parameter
automatically changes from no to yes.

Usually FD will eliminate the above mismatch in node voltages or current branches. It can
also refine the grid of time steps. In some cases, the numerical error of the linear solver still
introduces a mismatch. In this case, you can adjust the st eadyr at i o parameter to a
smaller value to activate a tighter tolerance for the iterative linear solver.

The maxacf r eq parameter automatically adjusts maxstep to reduce errors due to aliasing in
subsequent periodic small-signal analyses. By default, mraxacf r eq is four times the
frequency of the largest harmonic you request, but it is never less than 40 times the
fundamental.

The r el r ef parameter determines how the relative error is treated. Table 1-2 lists the
r el ref parameter options.

Table 1-2 The relref Parameter Options

Option Definition

relref=pointlocal = Compares the relative errors in quantities at each node to that node
alone.

relref=alllocal Compares the relative errors at each node to the largest values found

for that node alone for all past time.

relref=sigglobal Compares relative errors in each of the circuit signals to the maximum
for all signals at any previous point in time.
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Option Definition

relref=allglobal Same asr el r ef =si ggl obal except that it also compares the
residues (KCL error) for each node to the maximum of that node’s
past history.

The errpreset Parameter in PSS Analysis

/ Important

In most cases, er r pr eset should be the only accuracy parameter you need to
adjust. The er r pr eset parameter quickly adjusts several simulator parameters to
fit your needs.

Using the errpreset Parameter With Driven Circuits

If your driven (non-autonomous) circuit includes only one periodic tone and you are only
interested in obtaining the periodic operating point, seterr preset tol i ber al . The liberal
setting produces reasonably accurate results with the fastest simulation speed. If your driven
circuit contains more than one periodic tone and you are interested in intermodulation results,
seterrpreset tomoder at e. The moderate setting produces very accurate results. If you
want an extremely low noise floor in your simulation results and accuracy is your main
interest, seterr preset toconservati ve.

For both noder at e and conser vat i ve settings, the Multi-Interval Chebyshev (MIC)
algorithm is activated automatically unless you explicitly set hi ghor der =no. If MIC has
difficulty converging, the simulator reverts back to the original method. If you set

hi ghor der =yes, MIC will continue to attempt to converge.

Table 1-3 shows the effect of the er r pr eset settings (I i ber al , noder at e, and
conser vat i ve) on the values of the other parameters used with driven circuits.

Table 1-3 Default Values and Noise Floor for err preset in Driven Circuits

errpreset reltol relref method Iteratio steadyratio noisefloor

liberal 1e3 sigglobal  traponly 3.5 0.001 -70 dB

moderate 1e2  alllocal gear2only 3.5 0.001 -120 dB
and MIC

conservative  1e™  alllocal gear2only 10! 0.01 -200 dB
and MIC
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1. For errpreset=conservative, Iteratio0=10.0. Only when you set
rel tol <=1e” 4 [(10. 0/ 3.5) willchangetol t erati 0=3. 5.

Several parameters determine the accuracy of the PSS analysis. Rel t ol and abst ol
control the accuracy of the discretized equation solution. These parameters determine how
well charge is conserved and how accurately steady-state or equilibrium points are
computed.The integration error, or the errors in the computation of the circuit dynamics (such
as time constants) relative tor el t ol and abst ol are set by the |l t er ati o parameter.

These er r pr eset settings include a default r el t ol value which is an enforced upper limit
forrel t ol . The only way to decrease ther el t ol value is with the opt i ons statement. The
only way to relax the r el t ol value is to change the err pr eset setting.

For a weakly nonlinear circuit, the estimated numerical noise floor is -70dB for | i ber al ,
-90dB for noder at e, and -120dB for conser vati ve err preset settings. For a linear
circuit, the noise floor is even lower. Multi-interval Chebyshev (MIC) is activated when you
explicitly set hi ghor der =yes, which will drop the numerical noise floor by at least 30dB. MIC
falls back to the original method if it encounters difficulty converging. You can tighten the
psar at i o to further drop the numerical noise floor. Spectre sets the value of maxst ep so
that it cannot be larger than the value given in Table 1-3 on page 44. Except for the r el t ol
and maxst ep parameters, err pr eset does not change the value of any parameters you
have explicitly set. The actual values used for the PSS analysis are given in the log file. If
err preset is not specified in the netlist, | i ber al settings are used.

Using the errpreset Parameter With Autonomous Circuits

For an autonomous circuit, if you want a fast simulation with reasonable accuracy, set
errpreset tol i ber al . For greater accuracy, seter r pr eset tonoder at e. For greatest
accuracy, seterrpreset toconservati ve.

Table 1-4 shows the effect of the er r pr eset settings (I i ber al , noder at e, and
conservat i ve) on the values of parameters used with autonomous circuits.

Table 1-4 Default Values and maxstep for er r preset in Autonomous Circuits

errpreset reltol relref method Iteratio steadyratio  maxstep
liberal 1e®  sigglobal traponly 35 0.001 period/50
moderate 1e™ alllocal gear2only 3.5 0.1 period/200
conservative  1e® alllocal gear2only 10! 0.1 period/400
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1. For errpreset=conservative, Iteratio0=10.0. Only when you set
rel tol <=1e” 4 [(10. 0/ 3. 5) will change to | t er at i 0=3. 5.

These er r pr eset settings include a default r el t ol value which is an enforced upper limit
forrel t ol . The only way to decrease ther el t ol valueisin the opti ons statement. The
only way to increase ther el t ol value is to change the err pr eset setting. Spectre sets
the maxst ep parameter value so that it is no larger than the value given in Table 1-4.
Except for the r el t ol and maxst ep values, the er r pr eset setting does not change any
parameter values you have explicitly set. The actual values used for the PSS analysis are
given in the log file.

The value of r el t ol can be decreased from the default value in the options statement. The
only way to increase r el t ol istorelax err preset . Spectre sets the value of naxst ep so
that it cannot be larger than the value given in Table 1-4 on page 45. Except forr el t ol and
maxst ep, err pr eset does not change the value of any parameters you have explicitly set.
The actual values used for the PSS analysis are given in the log file. If er r pr eset is not
specified in the netlist, | i ber al settings will be used. Multi-interval Chebyshev (MIC) is
activated when you explicitly set hi ghor der =yes, which will drop the numerical noise floor
by at least 30 dB. MIC falls back to the original method if it encounters difficulty converging.
You can tighten psar at i o to further drop the numerical noise floor.

November 2004 46 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Analyses

Periodic AC Analysis

The Periodic AC (PAC) small-signal analysis computes transfer functions for circuits that
exhibit frequency translation. Such circuits include mixers, switched-capacitor filters,
samplers, lower noise amplifier, sample-and-holds, and similar circuits. A PAC analysis
cannot be used alone. It must follow a large signal PSS analysis. However, any number of
periodic small-signal analyses can follow a signal PSS analysis.

When you apply a small sinusoid to a linear time-invariant circuit, the steady-state response
is a sinusoid at the same frequency. However, when you apply a small sinusoid to a linear
circuit that is periodically time-varying, the circuit responds with sinusoids at many
frequencies, as is shown in Figure 1-2 on page 48.

Because PAC is a small-signal analysis, the magnitude and phase of each tone computed by
PAC is linearly related to the magnitude and phase of the input signal. PAC computes a series
of transfer functions, one for each frequency. These transfer functions are unique because
the input and output frequencies are offset by the harmonics of the LO. The SpectreRF
simulation labels the transfer functions with the offsets from the input signal in multiples of the
LO fundamental frequency. These same labels identify the corresponding sidebands of the
output signals. The labels are used as follows:

m  For circuits in which the input and output are at the same frequency, such as switched-
capacitor filters, the transfer function or sideband is labeled O.

m  For down-conversion mixers, the transfer function or sideband is labeled -1 because the
output frequency is offset from the input frequency by -1 times the LO frequency.

m  For up-conversion mixers, the transfer function or sideband is labeled +1.

m  For samplers, sidebands far from zero might be used.

In Figure 1-2 on page 48, all transfer functions from -3 to +3 are computed. As shown in the
figure, the input signal is replicated and translated by each harmonic of the LO. In down-
conversion mixers, the -1 sideband usually represents the IF output.
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Figure 1-2 The Small-Signal Response of a Mixer as Computed by PAC Analysis.
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PAC performance is not reduced if the input and LO frequencies are close or equal.

/ Important

Unlike other analyses in Spectre, the PAC analysis can only sweep frequency.

PAC Synopsis

You select the periodic small-signal output frequencies you want by specifying either the
maximum sideband (the maxsi deband parameter) or an array of sidebands (the
si debands parameter).

For a set of n integer numbers representing the sidebands
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the output signal frequency at each sideband is computed as
f(out) = f(in)+ ki x fund(pss)

where
m  f(in)is the (possibly swept) input frequency.
m  fund(pss) is the fundamental frequency used in the corresponding PSS analysis.

If you specify the maximum sideband value as K, all 2 x k., + 1 sidebands from -k, to +K;,.,
are generated.

Intermodulation Distortion Computation

A PSS analysis followed by a PAC analysis measures the intermodulation distortion of
amplifiers and mixers. You can also measure intermodulation distortion with a QPSS analysis
by applying two large, same-amplitude, closely spaced tones to the input and measuring the
third-order intermodulation products. The PSS/PAC approach is slightly different. You apply
only one large tone in the PSS analysis. The PSS analysis is therefore faster than the QPSS
analysis. Once the PSS analysis computes the circuit response to one large tone, then the
PAC analysis applies the second tone close to the first. If you consider the small input signal
to be one sideband of the large input signal, then the response at the other sideband is the
third-order intermodulation distortion, as shown in Figure 1-3 on page 50.

In Figure 1-3, V| ; is the fundamental of the response due to the large input tone. Vg, is the
fundamental of the response due to the small input tone and is the upper sideband of V| ;.
Vg3 is the lower sideband of V| ; (in this case, it is the -2 sideband of the response due to the
small tone). Vg3 represents the intermodulation distortion.

In the lower part of Figure 1-3, all of the signals are mapped into positive frequencies, which
is the most common way of viewing such results.
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Figure 1-3 Intermodulation Distortion Measured with PAC Analysis
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Intermodulation distortion is efficiently measured by applying one large tone (L1), performing
a PSS analysis, and then applying the second small tone (S1) with a PAC analysis. In this
case, the first tone drives the circuit hard enough to cause distortion and the second tone is
used to measure only the intermodulation distortion. Once V ,, V. , and V_, are measured in
dB at the output, the output third-order intercept point is computed using the following
equation.

In the equation, Vv ,, V,, and V, must be given in some form of decibels. Currently, dBV is
used in the Analog Circuit Design Environment. In this example, V , V., and V_, are givenin
dBV. Consequently, the intercept point is also computed in dBV. If Y and vV, are given
in dBm, the resulting intercept point is computed in dBm.

S1’
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The intermodulation distortion of a mixer is measured in a similar manner, except that the
PSS analysis must include both the LO and one large tone. For an example of measuring the
intermodulation distortion of a mixer, see Chapter 4, “Simulating Mixers with SpectreRF
simulation.”

/ Important

If you must measure intermodulation distortion using two large tones to compare
against bench measurements, you can run a PSS analysis with two large tones.
However, a small commensurate frequency of the two tones can slow down
simulation. At other times, use the quicker PSS/PAC approach.

For the PAC analysis the frequencies of the stimulus and response are usually different. This
is an important difference between the PAC analysis and the AC analysis. The fr eqaxi s
parameter specifies whether the results should be output versus the input frequency, i n, the
output frequency out , or the absolute value of the output frequency absout .

You can make modulated small signal measurements using the Analog Circuit Design
Environment (ADE). The nodul at ed option for the PAC analysis and other modulated
parameters are set in ADE. A PAC analyses with the nodul at ed option produces results
which might have limited use outside of ADE. The Direct Plot form is configured to analyze
modulated small signal measurements and combine several waveforms to measure AM and
PM response due to single sideband or modulated stimuli.

Frequency Sweep

You can specify sweep limits by providing either the end points or the center value and the
span of the sweep.

Steps can be linear or logarithmic and you can specify either the number of steps or the size
of each step. You can specify a step size parameter (step, | i n, | og, dec) to determine
whether the sweep is linear or logarithmic. If you do not give a step size parameter, the sweep
is linear when the ratio of stop to start values is less than 10:1, and logarithmic when this ratio
is equal to or greater than 10:1.

Alternatively, you may specify particular values for the sweep parameter using the values
parameter. If you give both a specific set of values and a set specified using a sweep range,
the two sets are merged and collated before being used. All frequencies are in Hertz.
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Parameters for PAC Analysis

Sweep Interval Parameters

start=0
stop
center
span=0
step

lin=50

dec
log=50
values=[...]

sweeptype

relharmnum=1
Output Parameters

sidebands=[...]

maxsideband

freqaxis

save
nestlvl

outputperiod=0.0
(no output)

November 2004

Start sweep limit.

Stop sweep limit.

Center of sweep.

Sweep limit span.

Step size, linear sweep.
Number of steps, linear sweep.
Points per decade.

Number of steps, log sweep.
Array of sweep values.

Specifies if the sweep frequency range is absolute frequency of
input or if it is relative to the port harmonics. Possible values are
absolute or relative.

Harmonic to which relative frequency sweep should be referenced.

Array of relevant sidebands for the analysis.

An alternative to the si debands array specification. The
maxsi deband parameter automatically generates the
array:

[ -maxsideband ... 0 ... +maxsideband ]

Specifies whether the results should be output versus the
input frequency, the output frequency, or the absolute value
of the output frequency. Default is i n for logarithmic
frequency sweeps and absout otherwise. Possible values
are absout, out, orin.

Signals to output. Possible values are all, Ivl, allpub, Ivipub,
selected, or none.

Levels of subcircuits to output.

Time-domain output period. The time-domain small-signal
response is computed for the period specified, rounded to
the nearest integer multiple of the PSS period.
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Convergence Parameters

tolerance=1e™® Relative tolerance for linear solver.

gear_order=2 Gear order used for small-signal integration.
solver=turbo Solver type. Possible values are std or turbo.
oscsolver=turbo Oscillator solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.

stats=no Analysis statistics. Possible values are no or yes.

title Analysis title.

Modulation Conversion Parameters

modulated=no Compute transfer functions or conversion between
modulated sources and outputs. Possible values are
single,first,second orno.

inmodharmnum=1 Harmonic for the PAC input source modulation.
outmodharmvec=|...] Harmonic list for the PAC output modulations.
moduppersideband=1 Index of the upper sideband included in the modulation of

an output for PAC or an input for PXF.

modsource Refer the output noise to this component.
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Periodic S-Parameter Analysis

The Periodic S-Parameter (PSP) analysis is used to compute scattering and noise
parameters for n-port circuits that exhibit frequency translation. Such circuits include mixers,
switched-capacitor filters, samplers and other similar circuits.

PSP is a small-signal analysis similar to the conventional SP analysis, except, the circuit is
first linearized about a periodically time-varying operating point as opposed to a simple DC
operating point. Linearizing about a periodically time-varying operating point allows the
computation of S-parameters between circuit ports that convert signals from one frequency
band to another.

PSP analysis also calculates noise parameters in frequency-converting circuits. PSP
computes noise figure (both single-sideband and double-sideband), input referred noise,
equivalent noise parameters, and noise correlation matrices. The noise features of PSP
analysis, as for Pnoise analysis but unlike SP analysis, include noise folding effects due to
the periodically time-varying nature of the circuit.

Computing the n-port S-parameters and noise parameters of a periodically varying circuit is
a two step process.

m  First, the small stimulus is ignored and the periodic steady-state response of the circuit
to possibly large periodic stimulus is computed using PSS analysis.

As a normal part of the PSS analysis, the periodically time-varying representation of the
circuit is computed and saved for later use.

m  Then, using the PSP analysis, small-signal excitations are applied to compute the n-port
S-parameters and noise parameters.

A PSP analysis cannot be used alone, it must follow a PSS analysis. However, any
number of periodic small-signal analyses such as PAC, PSP, PXF, and Pnoise, can follow
a single PSS analysis.

Like other SpectreRF small-signal analyses, the PSP analysis can sweep only frequency.

PSP Synopsis

For a PSP analysis, you need to specify the port and port harmonic relations. Select the ports
of interest by setting the port parameter. Set the periodic small-signal output frequencies of
interest by setting the portharmsvec or the harmsvec parameters.

For a given set of n integer numbers representing the harmonics K4, K, ... K, the scattering
parameters at each port are computed at the frequencies
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f(scattered)= f(rel) + K; x fund(pss)

where f(rel) represents the relative frequency of a signal incident on a port, f(scattered)
represents the frequency to which the relevant scattering parameter represents the
conversion, and fund(pss) represents the fundamental frequency used in the corresponding
PSS analysis.

Thus, when analyzing a down-converting mixer, with signal in the upper sideband, and
sweeping the RF input frequency, the most relevant harmonic for RF input is K;= 1 and for IF
output K;= 0. Hence we can associate K,=0 with the IF port and K;=1 with the RF port. S21
will represent the transmission of signal from the RF to IF, and S11 the reflection of signal
back to the RF port. If the signal was in the lower sideband, then a choice of K;=-1 would be
more appropriate.

You can use either the portharmsvec or the harmsvec parameters to specify the harmonics
of interest. If you give portharmsvec, the harmonics must be in one-to-one correspondence
with the ports, with each harmonic associated with a single port. If you specify harmonics with
the optional harmsvec parameter, then all possible frequency-translating scattering
parameters associated with the specified harmonics are computed.

For PSP analysis, the frequencies of the input and of the response are usually different (this
is an important way in which PSP differs from SP). Because the PSP computation involves
inputs and outputs at frequencies that are relative to multiple harmonics, the fregaxis and

sweeptype parameters behave somewhat differently in PSP than they do in PAC and PXF.

The sweeptype parameter controls the way the frequencies are swept in PSP analysis.
Specifying relative sweep, sweeps relative to the port harmonics (not the PSS fundamental).
Specifying absolute sweep, sweeps the absolute input source frequency. For example, with
a PSS fundamental of 100MHz, the portharmsvec set to [9 1] to examine a down-converting
mixer, sweeptype=relative, and a sweep range of f(rel)=0->50MHz, then S21 would
represent the strength of signal transmitted from the input port in the range 900->950MHz to
the output port at frequencies 100->150MHz.

When sweept ype=absol ut e, the frequency range is for the first port only. You should have
a frequency range for each port but this is not required since spectreRF knows the port
harmonics of interest at each port, the absolute frequency range for each port can be
calculated from the absolute frequency range of the first port. For example, when

sweept ype=absol ut e, f (abs) = 900 -> 950 MHz, fund(pss) = 100 MHz, and

port har nsvec =[9 1], then f (abs) for the first port is 900 -> 950 MHz, and f (abs) for the
second port is 100 — 150 MHz.

The freqaxis parameter is used to specify whether the results should be output versus the

scattered frequency at the input port(in), the scattered frequency at the output port(out), or
the absolute value of the frequency swept at the input port(absin).

November 2004 55 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Analyses

Note: Unlike in PAC, PXF, and Pnoise analyses, increasing the number of requested ports
and harmonics increases the simulation time linearly.

To insure accurate results in PSP analysis, you should set the maxacfreq parameter for the
corresponding PSS analysis to guarantee that |max{f(scattered)}| is less than the
maxacfreq parameter value, otherwise the computed solution might be contaminated by
aliasing effects.

PSP analysis also computes noise figures, equivalent noise sources, and noise parameters.
The noise computation, which is skipped only when the donoise parameter is set to no,
requires additional simulation time.

Noise Calculations Performed by PSP

Name Description Output Label
No Total output noise at frequency f
Ng Noise at the output due to the input probe (the source)
Nsi Noise at the output due to the image harmonic at the source
Nso Noise at the output due to harmonics other than input at the

source
N Noise at the output due to the output probe (the load)
IRN Input referred noise In
G Gain of the circuit (See Note:) Gain
F Single sideband noise factor F
NF Single sideband noise figure NF
Fdsb Double sideband noise factor Fasb
NFq4sp  Double sideband noise figure NFgsb
Fiecee IEEE single sideband noise factor Ficee
NFicee |EEE single sideband noise figure NFjeee

Note: The gain computed by PSP is the voltage gain from the actual circuit input to the circuit
output, not the gain from the internal port voltage source to the output.

PSP analysis performs the following noise calculations.
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Input referred noise

IRN =

|Z
Nlon

G

Single sideband noise factor

2_nN2
_ (NG=Nf)
F = —
Ng
Single sideband noise figure

NF = 10 x log10(F)

Double sideband noise factor

Double sideband noise figure

NF 4, = 10x10g10(F 4)

IEEE single sideband noise factor

2 2 2
N —Nl—N
_ 0 0)
Fieee_ 2
N
S

IEEE single sideband noise figure

NF = 10x|°glo(':ieee)

Ieee
To insure accurate noise calculations, you need to set the maxsideband or sidebands

parameters to include the relevant noise folding effects. The maxsideband parameter is only
relevant to the noise computation features of PSP.
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Parameters for PSP Analysis

Unlike other analyses in Spectre, the PSP analysis can only sweep frequency.

Sweep Interval Parameters

start=0
stop
center
span=0
step

lin=50
dec
log=50
values=[...]

sweeptype

Port Parameters
ports=[...]

portharmsvec=[...]

harmsvec=[...]

Output Parameter
freqaxis

November 2004

Start sweep limit.

Stop sweep limit.

Center of sweep.

Sweep limit span.

Step size, linear sweep.
Number of steps, linear sweep.
Points per decade.

Number of steps, log sweep.
Array of sweep values.

Specifies if the sweep frequency range is absolute frequency of
input or if it is relative to the port harmonics. Possible values are
absolute or relative.

List of active ports. Ports are numbered in the order given. For
purposes of noise figure computation, the input is considered port
1 and the output is considered port 2.

List of harmonics active on the specified list of ports. The
port har nsvec vector must have a one-to-one correspondence
with the por t s vector.

Secondary list of additional, active harmonic’s combinations.
Harmonics included in the har nsvec vector are in addition to
those associated with specific ports by por t har nsvec.

Specifies whether the results should be output versus the input
frequency, the output frequency, or the absolute value of the
input frequency. Default is i n. Possible values are absi n, i n or
out .

58 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Analyses

Noise Parameter

donoise=yes Perform noise analysis. If oprobe is specified as a valid port,
donoi seissettoyes, and a detailed noise output is generated.
Possible values are no or yes.

Probe Parameter

maxsideband=7 Maximum sideband included when computing noise either up-
converted or down-converted to the output by the periodic drive
signal.

Convergence Parameters

tolerance=1e™® Relative tolerance for linear solver.

gear_order=2 Gear order used for small-signal integration, 1 or 2.
solver=turbo Solver type. Possible values are std or turbo.
oscsolver=turbo Oscillator solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.

stats=no Analysis statistics. Possible values are no or yes.

title Analysis title.
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Periodic Transfer Function Analysis

A conventional transfer function (XF) analysis computes the transfer function from every
source in the circuit to a single output while a conventional AC analysis computes the
response from a single stimulus to every node in the circuit.

The difference between the PXF and PAC analyses is similar. The PXF analysis computes
the transfer functions from any source at any frequency to a single output at a single
frequency. Like PAC analysis, PXF analysis models frequency conversion effects. This is
illustrated in Figure 1-4.

PXF analysis measures conversion gains, especially those from the input source to the
output. It also computes the conversion gain of the specified sideband as well as various
unwanted images including the baseband feed through. PXF analysis also computes the
coupling from other inputs such as the LO and the power supplies. These computations
model frequency translation. PXF analysis determines the sensitivity of the output to either
up-converted or down-converted noise from either the power supplies or the LO.

The output is sensitive to signals at many frequencies at the input of the mixer. The input
signals are replicated and translated by each harmonic of the LO. The signals shown in
Figure 1-4 are those that end up at the output frequency.

Computing transfer functions for a periodically varying circuit is a two step process.

m  First, the small stimulus is ignored and the periodic steady-state response of the circuit
to possibly large periodic stimulus is computed using PSS analysis.

As a normal part of the PSS analysis, the periodically time-varying representation of the
circuit is computed and saved for later use.

m  Second, using the PXF analysis, small-signal excitations are applied to compute the
transfer functions.
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Figure 1-4 Mixer Output Signals Shown by PXF Analysis
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A PXF analysis cannot be used alone, it must follow a PSS analysis. However, any number
of periodic small-signal analyses such as PAC, PSP, and Pnoise, can follow a single PSS

analysis.

/ Important

Unlike other Spectre small-signal analyses, the PXF analysis can sweep only

frequency.
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Parameters for PXF Analysis

Sweep Interval Parameters

start=0
stop
center
span=0
step

lin=50

dec
log=50
values=[...]

sweeptype

relharmnum=1

Probe Parameter
probe

Output Parameters
stimuli=sources

maxsideband

sidebands=[...]

fregaxis

save

November 2004

Start sweep limit.

Stop sweep limit.

Center of sweep.

Sweep limit span.

Step size, linear sweep.
Number of steps, linear sweep.
Points per decade.

Number of steps, log sweep.
Array of sweep values.

Specifies if the sweep frequency range is absolute frequency of
input or if it is relative to the port harmonics. Possible values are
absolute or relative.

Harmonic to which relative frequency sweep should be referenced.

Compute every transfer function to this probe component.

Stimuli used for PXF analysis. Possible values are sources
or nodes_and_terminals.

An alternative to the si debands array specification, which
automatically generates the array:
[-maxsideband... 0... +maxsideband]

Array of relevant sidebands for the analysis.

Specifies whether the results should be output versus the
input frequency, i n, the output frequency, out , or the
absolute value of the input frequency, absi n. The default
for logarithmic frequency sweeps is out and absi n
otherwise. Possible values are absi n, i n or out .

Signals to output. Possible values are all, Ivl, allpub, Ivipub,
selected, or none.
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nestlvl Levels of subcircuits to output.
Convergence Parameters
tolerance=1e™ Relative tolerance for linear solver.
gear_order=2 Gear order used for small-signal integration.
solver=turbo Solver type. Possible values are std or turbo.
oscsolver=turbo Oscillator solver type. Possible values are std or turbo.
Annotation Parameters
annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.
stats=no Analysis statistics. Possible values are no or yes.
title Analysis title.

Modulation Conversion Parameters

modulated=no Compute transfer functions and conversions between modulated
sources and outputs. Possible values are si ngl e, first,
second, or no.

outmodharmnum=1 Harmonic for the PXF output modulation.
inmodharmvec=|...] Harmonic list for the PXF modulated sources.

moduppersideband=1  Index of the upper sideband included in the modulation of an
input for PXF analysis or an output for PAC analysis.

Output Parameters

The output variable you measure can be voltage or current, and the variable frequency is not
limited by the period of the large-periodic solution. When you sweep a selected output
frequency, you can select the periodic small-signal input frequencies by specifying either one
of the maxsi deband or si deband parameters.

For a set of n integer numbers representing the sidebands

K,.K K

1Ko Ky

the input signal frequency at each sideband is computed as
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f(in) = f(out) + ki x fund(pss)

where
m f(out) represents the (possibly swept) output signal frequency

m fund(pss) represents the fundamental frequency used in the corresponding PSS analysis

When you analyze a down-converting mixer and sweep the IF output frequency, k; = +1 for the
RF input represents the first upper sideband, and k; = -1 for the RF input represents the first
lower sideband. If you specify the maximum sideband value by setting the maxsi deband
value to k,5x, YOu are selecting all 2 x K 5 +1 sidebands from -k 55 10 +Kpax-

For PXF analysis, the number of sidebands you select with naxsi deband does not
substantially increase the simulation time. However, to insure accurate PXF analysis results,
set the maxacf r eq parameter for the corresponding PSS analysis to guarantee that

Imax{ f(in)} | < maxacfreq

otherwise the computed solution might be contaminated by aliasing effects. The PXF
simulation does not run when

| f (out)| > maxacfreq

For these extreme cases, diagnostic messages indicate how you should change the
maxacf r eq parameter value in the PSS analysis. In a majority of simulations, however, this
is not an issue because the maxacf r eq value is never allowed to be smaller than 40 times
the PSS fundamental.

With PXF analysis the frequency of the stimulus and response are usually different (this is an
important way in which the PXF analysis differs from the XF analysis). Use the f r eqaxi s
parameter to specify whether the results should be output versus the input frequency, i n, the
output frequency, out , or the absolute value of the input frequency, absi n.

Probe Parameters
You can specify the output with a pair of nodes or a probe component. Any component with

two or more terminals can be a voltage probe. When there are more than two terminals, they
are grouped in pairs. Use the por t v parameter to select the appropriate pair of terminals.
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Any component that naturally computes current as an internal variable, such as a voltage
source, can be a current probe. If the probe component computes more than one current, you
use the porti parameter to select the appropriate current. Do not specify both the port v
and por ti parameters. If you do not specify either parameter, the probe component provides
a reasonable default.

The Analog Circuit Design Environment (ADE) provides two ways to set probes on the
Choosing Analysis form

= When you specify input or output sources

= When you specify positive or negative output nodes

Output Parameters

The sti nul i parameter (on the PXF Options form) specifies the transfer function inputs. You
select one of two choices:

m Usestinuli =sources to use the sources present in the circuit. To compensate for
gains or losses in the test fixture, use the xf mag source component parameter to adjust
the computed gain to compensate for gains or losses in a test fixture. In hierarchical
netlists, limit the number of sources using the save and nest | vl parameters.

m Usestinuli =nodes_and_t er m nal s to compute all possible transfer functions.
Use this option when you cannot anticipate which transfer functions you might need to
examine. This is useful when you do not know in advance which transfer functions are
interesting.

Transfer functions for nodes are computed assuming that a unit magnitude flow (current)
source is connected from the node to ground. Transfer functions for terminals are computed
assuming that a unit magnitude value (voltage) source is connected in series with the
terminal. By default, the PXF analysis computes the transfer functions from a small set of
terminals.

For transfer functions from specific terminals, specify the terminals in the save statement.
Use the : pr obe modifier (for example, Rout : 1: pr obe) or specify usepr obes=yes on the
options statement. For transfer functions from all terminals, specify cur rent s=al | and
usepr obes=yes on the opt i ons statement.

Modulation Parameters

You can make modulated small-signal measurements from the Analog Circuit Design
Environment (ADE). The nodul at ed option for PXF analysis and other modulated
parameters are set by ADE. The PXF analysis with the nodul at ed option produces results
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which might have limited use outside the ADE environment. The Direct Plot form is configured
to analyze modulated small-signal measurement results. Direct Plot can combine several
wave forms to measure AM and PM transfer functions from single sideband or modulated
stimuli to the specified output.

Swept PXF Analysis

Specify sweep limits by providing either the end points (st art and st op) or by providing the
center value and the span (cent er and span) of the sweep.

Specify sweep steps as | i near orl ogari t hm c. Either specify the number of steps or the
size of each step. You can give a step-size parameter (step, | i n, | og, dec) to determine
whether the sweepis| i near orl ogari t hm c. If you do not give a step-size parameter, the
sweepis| i near whenthe ratio of st optost art valuesislessthan 10,and| ogarithm c
when this ratio is 10 or greater.

Alternatively, use the val ues parameter to specify the particular values that the sweep
parameter should take. If you give both a specific set of values and a set of values specified
using a sweep range, the two sets are merged and collated before being used. All frequencies
are in Hertz.
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Periodic Noise Analysis

The Periodic Noise analysis (Pnoise) is similar to the conventional noise analysis except that
it models frequency conversion effects. It can compute the phase noise of oscillators as well
as the noise behavior of mixers, switched-capacitor filters, chopper-stabilized amplifiers, and
other similar circuits.

First, the circuit is linearized using the PSS operating point. The periodically time-varying
qualities of the linearized circuit create the frequency conversion. Then the Pnoise analysis
simulates the effect of a periodically time-varying bias point on component-generated noise.

Initially, PSS computes the response to a large periodic signal such as a clock or a LO. These
results are labeled LO and shown in Figure 1-5. The subsequent Pnoise analysis computes
the resulting noise performance.

In periodic systems, there are two effects that act to translate noise in frequency. First, for
noise sources that are bias dependent, such as shot noise sources, the time-varying
operating point modulates the noise sources. Second, the transfer function from the noise
source to the output is also periodically time-varying and modulates the noise source
contribution to the output.
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Figure 1-5 How noise is moved around by a mixer
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The time-average of the noise at the output is computed as a spectral density versus
frequency. You identify the output by specifying a probe component or a pair of nodes. To
specify the output with a probe, the preferred approach, use the oprobe parameter. If the
output is voltage (or potential), choose a resistor or a port component for the output probe. If
the output is current (or flow), choose a vsource or iprobe component for the output probe.
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The reference sideband (refsideband) specifies which conversion gain is used to compute the
input-referred noise, the noise factor, and the noise figure. The reference sideband specifies
the input frequency relative to the output frequency with

|f(input)] = |f(output) + refsideband x fund(pss)|

Use refsideband=0 when the input and output of the circuit are at the same frequency, such
as with amplifiers and filters. When refsideband does not equal 0, the single sideband noise
figure is computed.

The pnoise analysis computes the total noise at the output, which includes contributions from
the input source, the circuit itself and the output load. The amount of the output noise that is
attributable to each noise source in the circuit is also computed and output individually. If the
input source is identified (using i pr obe) and is a vsour ce or i sour ce, the input-referred

noise is computed, which includes the noise from the input source itself. Finally, if the input

source is identified (using i pr obe) and is also noisy, as is the case with ports, the noise factor
and noise figure are computed.

Noise Calculations Performed by Pnoise

Name  Description Output Label
No Total output noise Out
Ng Noise at the output due to the input probe (the source)
N Noise at the output due to the image harmonic at the source
Nso Noise at the output due to harmonics other than input at the

source
N, Noise at the output due to the output probe (the load)
IRN Input referred noise In
G Gain of the circuit Gain
F Single sideband noise factor F
NF Single sideband noise figure NF
Fdsb Double sideband noise factor Fasb
NFg4sp  Double sideband noise figure NFgsb
Fieee IEEE single sideband noise factor Fieee
NFicee |EEE single sideband noise figure NFicee
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SpectreRF performs the following noise calculations.

Input referred noise

IRN =

|Z
Nlon

@

Single sideband noise factor

2_nN2
F = —
Ns
Single sideband noise figure

NF = 10 x log10(F)

Double sideband noise factor

Double sideband noise figure

NF 4, = 10x10g10(F 4)

dsb

IEEE single sideband noise factor

2 2 2
N —Nl—N
_ 0 SO
I:ieee_ 2
N
S

IEEE single sideband noise figure

NF = 10><IoglO(Fieee)

ieee
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Pnoise Synopsis

Noise can mix with each harmonic of the periodic drive signal from the PSS analysis and
appear at the output frequency. However, Pnoise analysis models only noise that mixes with
a set of harmonics that you normally specify with the maxsideband parameter, but which you
might specify with the sidebands parameter in special circumstances. If K; represents
sideband i, then

f(NoiseSource) = f(out)+Kifund(pss)

The maxsideband parameter specifies the maximum |K;j| included in the Pnoise calculation.
Therefore, Pnoise ignores noise at frequencies less than f(out) — maxsideband fund(pss) and
greater than f(out) + maxsideband fund(pss). If you specify sidebands with the sidebands
parameter, then Pnoise includes only the specified sidebands in the calculation. When you
specify sidebands parameter values, be careful not to omit any sidebands that might
contribute significant output noise.

In the Analog Circuit Design Environment, you specify the maxsideband parameter with the
Maximum sideband specification in the Choosing Analyses form. You specify the
sidebands parameter in the Array of Sidebands field.

Increasing the number of harmonics computed by a Pnoise analysis improves simulation
accuracy because it increases the number of harmonics used to compute the effects of noise
folding. Noise folding is noise mixing with the harmonics into the frequency range of interest.

Parameters for Pnoise Analysis

Sweep Interval Parameters

start=0 Start sweep limit.

stop Stop sweep limit.

center Center of sweep.

span=0 Sweep limit span.

step Step size, linear sweep.

lin=50 Number of steps, linear sweep.
dec Points per decade.

log=50 Number of steps, log sweep.
values=[...] Array of sweep values.
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sweeptype

relharmnum=1

Probe Parameters
oprobe

iprobe

refsideband

Output Parameters
noisetype=sources

maxsideband=7

sidebands=[...]
save

nestlvl
maxcycles=0

cycles=[...]

numberofpoints=5

November 2004

Specifies if the sweep frequency range is absolute frequency of
input or if it is relative to the port harmonics. Possible values are
absolute or relative.

Harmonic to which relative frequency sweep should be referenced.

Compute total noise at the output defined by this
component.

Refer the output noise to this component.

Conversion gain associated with this sideband is used
when computing input-referred noise or noise figure.

Specifies whether the pnoise analysis should output cross-
power densities or noise source information. Possible
values are sources, correlations, or timedomain.

Maximum sideband included when computing noise either
up-converted or down-converted to the output by the
periodic drive signal.

Array of relevant sidebands for the analysis.

Signals to output. Possible values are all, Ivl, allpub, Ivipub,
selected, or none.

Levels of subcircuits to output.

Maximum cycle correlation frequency included when
computing noise either up-converted or down-converted to
the output by the periodic drive signal.

Array of relevant cycle frequencies. Valid only if
noisetype=correlations.

Number of time points of interest in the period where
time-domain PSD is calculated. The simulator divides the
period evenly into nunber of poi nt s segments and
calculates time-domain PSD on the starting time point of
each segment. When nunber of poi nt s is less than zero,
the nunber of poi nt s parameter is ignored.
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noiseskipcount=-1 Calculates time-domain noise for one of every
noiseskipcount time points. When noiseskipcount is greater
than or equal to zero, the simulator uses the noiseskipcount
parameter and ignores numberofpoints. When
noiseskipcount is less than zero, the simulator ignores the
noiseskipcount parameter.

noisetimepoints=|...] Additional time points used when computing time-domain
noise.

saveallsidebands=no Save noise contributors by sideband. Possible values are
no or yes.

Convergence Parameters

tolerance=1e™ Relative tolerance for linear solver.

gear_order=2 Gear order used for small-signal integration.
solver=turbo Solver type. Possible values are std or turbo.
oscsolver=turbo Oscillator solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.

stats=no Analysis statistics. Possible values are no or yes.

title Analysis title.

Noise Figure

When you use pnoi se analysis to compute the noise factor or noise figure of a circuit, and
the load generates noise, specify the output with the opr obe parameter rather than using a
pair of nodes. Using the opr obe parameter explicitly specifies the load as the output probe.
This is preferable because it excludes the noise of the load from the calculation of the noise
figure.

As an alternative, you can specify the output with a pair of nodes and make the load
component a noiseless resistor. Results with this approach are similar to those computed if
you specify a resistor or a port as the output probe (load). The only difference is that the
noiseless resistor is considered noiseless for other noise calculations, such as total output
noise and input-referred noise, and the resistor is noiseless at all frequencies. When you
specify a conventional resistor or port for the load, its noise is subtracted from only the noise
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factor and noise figure calculations, and only at the output frequency. Consequently, noise
from load frequencies other than the output frequency can appear at the output frequency if
the circuit has a nonlinear output impedance.

Pnoise computes the single-sideband noise figure. To match the IEEE definition of noise
figure, you must use a port as the input probe and a resistor or a port as the output probe.
In addition, the input port noise temperature must be 290 K (noi set enp = 16.85) and have
no excess noise. (You must not specify noi sevec and noi sefi | e on the input port.) The
290K temperature is the average noise temperature of an antenna used for terrestrial
communication. However for your application, you can specify the input port noise
temperature to be any appropriate value. For example, the noise temperature for antennas
pointed at satellites is usually much lower.

Flicker Noise

To avoid inaccurate results with pnoi se analysis on a circuit that mixes flicker noise or 1/f
noise up to the carrier or its harmonics, place a cluster of frequencies near each harmonic to
resolve the noise peaks accurately, but do not put frequency points precisely on the
harmonics. In addition, choose pnoi se start and stop frequencies to avoid placing points
precisely on the harmonics of the periodic drive signal. Then use the val ues parameter to
specify a vector of additional frequency points near the harmonics. In the Analog Circuit
Design Environment, the val ues parameter is set in the Add Specific Points field in the
Choosing Analyses form.

The effect of specifying appropriate additional frequency points is shown in the following three
diagrams. Figure 1-6 shows the true output noise of a mixer with flicker noise.

Figure 1-6 Actual Mixer Noise Output Including Flicker Noise

True output noise of a
mixer with flicker noise

Figure 1-7 shows the output noise computed with a typical choice of points. In this case, total
output noise is typically exaggerated by many orders of magnitude.
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Figure 1-7 Noise Output Computed With Typical Points

Noise output computed
with typical choice of
points. Total output noise is
typically exaggerated by
many orders of magnitude.

Figure 1-8 shows noise output computed when the values parameter is used to cluster points
near harmonics. By comparing Figures 1-7 and 1-8, you can see that total output noise is
computed accurately when points are carefully chosen.

Figure 1-8 Noise Output Computed With Clustered Points

Noise output computed
when values parameter is
used to cluster points near
harmonics. Total output
noise is computed
accurately.
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Flicker Noise Spectrum

Flicker noise depends on the current, | , of the channel. For all devices, flicker, or 1/ f , noise
depends on the following equation

. ) . As DK 0
Flicker noise current source = sign(l )|l | 07 0

This means that you will see only odd harmonics. The power looks like a rectified sine wave
because

Power 1 2
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Quasi-Periodic Steady-State Analysis

The quasi-periodic steady-state (QPSS) analysis computes the quasi-periodic steady-state
response of a circuit that operates on multiple time scales. A quasi-periodic signal has
dynamics in multiple fundamental frequencies. Closely spaced or incommensurate
fundamentals cannot be efficiently resolved by PSS analysis. QPSS analysis allows you to
compute circuit responses to several moderately large input signals in addition to a strongly
nonlinear tone which represents the LO or clock signal. A typical example is the
intermodulation distortion measurements of a mixer with two closely spaced moderate input
signals. QPSS treats one particular input signal (usually the one that causes the most
nonlinearity or the largest response) as the large signal, and the others as moderate signals.

When you perform a QPSS analysis
1. An initial transient analysis runs with all moderate input signals suppressed.
2. A number of stabilizing iterations run (always at least 2) with all signals activated.

3. The shooting Newton method runs.

The QPSS analysis employs the Mixed Frequency Time (MFT) algorithm extended to multiple
fundamental frequencies. For details about the MFT algorithm, see Steady-State Methods
for Simulating Analog and Microwave Circuits, by K. S. Kundert, J. K. White, and A.
Sangiovanni-Vincentelli, Kluwer, Boston, 1990.

As is true for PSS analysis, QPSS analysis uses the shooting Newton method as its
backbone. However, unlike PSS analysis (where each Newton iteration performs a single
transient integration), for each Newton iteration the QPSS analysis performs a number of
transient integrations of one large signal period. Each integration differs by a phase-shift in
each moderate input signal. When you set up a QPSS analysis, you determine the number
of integrations performed by the number of harmonics of moderate fundamentals you select.

You select the moderate signals to model with the maxhar ns parameter as follows
maxharms = [kl’k2’ ...,kn]

The total number of integrations for the simulation is calculated as
(2k1+ 1) x (2k2+ 1) x..x (2kn +1)

One consequence is that the efficiency of the algorithm depends significantly on the number
of harmonics required to model the responses of moderate fundamentals. Another
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consequence is that the number of harmonics of the large fundamental does not significantly
affect the efficiency of the shooting algorithm. The boundary conditions of a shooting interval
are such that the time domain integrations are consistent with a frequency domain
transformation with a shift of one large signal period.

Comparing QPSS Analysis with Using PSS and PAC Analyses

A QPSS analysis is similar to a PSS analysis followed by a PAC analysis in that if you treat
one of the input signals as a small signal, a signal whose harmonics do not contribute
significantly to the output, you can use the PSS/PAC analyses to model intermodulation
distortion effectively.

The QPSS analysis has the following advantages that make it the analysis of choice in many
situations. For example, with a QPSS analysis you can measure

= Harmonic distortion and frequency translation effects created by multiple moderate-
signal inputs, including all third order products. These measurements are impossible to
obtain using PSS/PAC analysis because they do not model the effects of small-signal
harmonics.

m  The effects of multiple moderate signals. With PSS/PAC analysis, you are restricted to
modeling the effects of a single small signal on the fundamental you compute with the
PSS analysis. A QPSS analysis lets you model all moderate-signal inputs, including the
sums of sinusoids that are not periodic.

To see the difference between the information available with QPSS and PSS/PAC analyses,
compare how the two approaches determine the output signals produced by input signals at
900 MHz and 905 MHz. The discussion below assumes you are interested in data only for
fundamentals and their first harmonics.

If you perform a PSS analysis for the 900 MHz signal followed by a PAC analysis that applies
905 MHz as a small-signal with maxsi deband = k, you get

I X 900M + 905M
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If you perform a QPSS analysis with input signals at 900 MHz (for the large tone) and
905 MHz (for the moderate tone), you get information about the following additional frequency
translation signals created by moderate tones.

The output signals are centered at the following frequencies:

i X 900M + j x 905M

where

j = £1,+2,... 2k
Again, the number of harmonics of the moderate tone (k,) effects the simulation time.

Figure 1-9 shows that more information is available from a QPSS analysis than from a PSS
analysis followed by a PAC analysis.

November 2004 79 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Analyses

Figure 1-9 Comparison of Information From QPSS and PSS/PAC Analyses
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Parameters

Distortion Fundamental Parameters

funds=[ ... ] Array of fundamental frequency names for fundamentals to use
in analysis.
maxharms=[ ... ] Array of number of harmonics of each fundamental to consider

for each fundamental.

Simulation Interval Parameters

tstab=0.0 s Extra stabilization time after the onset of periodicity for
independent sources.

stabcycl es=2 Stabilization cycles with both large and moderate sources
enabled.
tstart=0.0 s Initial transient analysis start time.

Time-Step Parameters

maxstep (s) Maximum time step. Default derived from er r pr eset . See “The
errpreset Parameter in QPSS Analysis” on page 84.
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step=0.001[period s

Minimum time step that would be used solely to maintain the
aesthetics of the results.

Initial-Condition Parameters

ic=all

skipdc=no

readic

Used to set initial condition. Possible values are dc, node, dev,
orall.

If yes, there will be no dc analysis for transient. Possible values
are no, yes or si gr anpup.

File that contains initial condition.

Convergence Parameters

readns

cmin=0 F

Output Parameters
save

nestivl

oppoint=no

skipstart=starttime s
skipstop=stoptime s
skipcount
strobeperiod (s)

strobedelay=0 s

compression=no

saveinit=no

State-File Parameters
write

November 2004

File that contains estimate of initial transient solution.

Minimum capacitance from each node to ground.

Signals to output. Possible values are al | , | vl , al | pub,
| vl pub, sel ect ed, or none.

Levels of subcircuits to output.

Should operating point information be computed for initial
timestep, and if so, where should it be sent. Possible values are
no, screen,logfile,orrawfile.

The time to start skipping output data.

The time to stop skipping output data.

Save only one of every ski pcount points.

The output strobe interval (in seconds of transient time).

The delay (phase shift) between the ski pst art time and the
first strobe point.

Do data compression on output. Possible values are no or yes.

If set, save the waveforms for the initial transient before steady-
state. Possible values are no or yes.

File to which initial transient solution (before steady-state) is to
be written.
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writefinal File to which final transient solution in steady-state is to be
written.
swapfile Temporary file that holds steady-state information. Tells Spectre

to use a regular file rather than virtual memory to hold the
periodic operating point. Use this option if Spectre warns about
not having enough memory to complete the analysis.

Integration Method Parameter

method Integration method. Default derived from er r pr eset . Possible
values are eul er, trap, traponly, gear 2, or gear 2onl y.
See “The errpreset Parameter in QPSS Analysis” on page 84.

Accuracy Parameters
See “The errpreset Parameter in QPSS Analysis” on page 84.

errpreset=moderate Selects a reasonable collection of parameter settings. Possible
values are liberal, moderate or conservative.

relref Reference used for the relative convergence criteria. Default
derived from er r pr eset . Possible values are poi ntl ocal ,
al Il ocal , si ggl obal, orall gl obal .

lteratio Ratio used to compute LTE tolerances from Newton tolerance.
Default derived from err pr eset .

steadyratio Ratio used to compute steady state tolerances from LTE
tolerance. Default derived from er r pr eset .

maxperiods=50 Maximum number of simulated periods to reach steady-state.

itres=1e™ Relative tolerance for linear solver.

finitediff Options for finite difference method refinement after quasi-

periodic shooting method. fi ni t edi f f is changed from no to
samegr i d automatically when r eadqpss and wri t eqpss are
used to re-use QPSS results. Possible values are no, yes or

refine.
Annotation Parameters
stats=no Analysis statistics. Possible values are no or yes.
annotate=sweep Degree of annotation. Possible values are no, titl e, sweep,

st at us, or st eps.

title Analysis title.
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Newton Parameters
maxiters=5 Maximum number of iterations per time step.

restart=yes Restart the DC solution from scratch if any condition has

changed. If not, use the previous solution as the initial guess.
Possible values are no or yes.

Circuit Age

circuitage (Years) Stress Time. Age of the circuit used to simulate hot-electron
degradation of MOSFET and BSIM circuits.

writegpss File to which final quasi-periodic steady-state solution is to be
written. Small signal analyses such as gpac, gpxf and gpnoise
can read in the steady-state solution from this file directly instead
of rerunning the gpss analysis.

readqgpss File from which final quasi-periodic steady-state solution is to be

read. Small signal analyses such as gpac, qpxf and gpnoise can
read in the steady-state solution from this file directly instead of
running the gpss analysis again.

The QPSS analysis inhThe QPSS analysis inherits a majority of its parameters from the PSS
analysis with a few new parameters added and a few parameters extended.

The most important parameters for QPSS analysis are the f unds and maxhar s
parameters. In QPSS analysis, the f unds and nmaxhar ns parameters replace and extend
the PSS parameters, f und (or per i od) and har s, respectively.

The f unds parameter accepts a list of fundamental names that are present in the
sources. (These fundamental names are specified by the source parameter f undnane.)
The simulator figures out the frequencies associated with the fundamental names.

An important feature of the f unds parameter is that each input signal can be composed
of more than one source. However, these sources must all have the same fundamental
name. For each fundamental name, its fundamental frequency is the greatest common
factor of all frequencies associated with the name.

If you do not list all the fundamental names on the f unds parameter, the current
simulation is terminated. However, if you do not specify maxhar ns, a warning message
displays, and the number of harmonics defaults to 1 for each fundamental.

The first fundamental is considered as the large signal. You can use a few heuristics to
pick the large fundamental.

0  Pick the fundamental which is not sinusoidal.
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0  Pick the fundamental which causes the most nonlinearity.
0  Pick the fundamental which causes the largest response.

The maxhar s parameter accepts a list of numbers of harmonics that are required to
sufficiently model responses due to different fundamentals.

The role of some PSS parameters is extended for QPSS analysis.

The maxper i ods parameter that controls the maximum number of shooting iterations
for PSS analysis also controls the maximum number of shooting iterations for QPSS
analysis.

Thet st ab parameter controls both the length of the initial transient integration, with only
the clock tone activated, and the number of stabilizing iterations, with the moderate tones
activated. The stable iterations are run before Newton iterations begin.

The errpreset Parameter in QPSS Analysis

/ Important

The err pr eset parameter quickly adjusts several simulator parameters to fit your
needs. In most cases, er r pr eset should be the only parameter you need to adjust.

For a fast simulation with reasonable accuracy, seterrpreset tol i beral .
For greater accuracy, set err pr eset to noder at e.

If accuracy is your primary concern, seterr preset toconservati ve.

Table 1-5 shows the effect of er r pr eset settings (I i ber al , noder at e, and
conser vat i ve) on the default values of a set of accuracy parameters.

Table 1-5 Parameter Default Values for err pr eset Settings

errpreset reltol relref method Iteratio maxstep

liberal le-3  sigglobal gear2only 3.5 clock period/80
moderate le-4  sigglobal gear2only 3.5 clock period/100
conservative  1le-5  sigglobal gear2only 10t clock period/200

1. For errpreset=conservative, Iteratio0=10.0. Only when

you setr el t ol <=1e 4J(10. 0/ 3.5), | terati 0=3. 5.
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These er r pr eset settings include a defaultr el t ol value which is an enforced upper limit
forrel t ol . The only way to decrease ther el t ol value is inthe opt i ons statement. The
only way to increase ther el t ol value isto relax the err pr eset setting. Spectre sets the
maxst ep parameter value so that it is no larger than the value given in Table 1-5. Except for
therel t ol and maxst ep values, the err pr eset setting does not change any parameter
values you have explicitly set. The actual values used for the PSS analysis are given in the
log file. If er r pr eset is not specified in the netlist, | i ber al settings are used.

The default value for conpr essi on is no. The output file stores data for every signal at every
time point for which Spectre calculates a solution. Spectre saves the x-axis data only once,
since every signal has the same x value. If conpr essi on=yes, Spectre writes data to the
output file only if the signal value changes by at least twice the convergence criteria. In order
to save data for each signal independently, x-axis information corresponding to each signal
must be saved. If the signals stay at constant values for large periods of simulation time,
setting conpr essi on=yes results in a smaller output data file. If the signals in your circuit
move around a lot, setting conpr essi on=yes results in a larger output data file.
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Quasi-Periodic Noise Analysis

The Quasi-Periodic Noise (QPnoise) analysis is a quasi-periodic small-signal analysis similar
to the conventional noise analysis, except that with QPnoise the circuit is first linearized about
a quasi-periodically time-varying operating point as opposed to a simple DC operating point.
Linearizing about a quasi-periodically time-varying operating point includes frequency
conversion and intermodulation effects. Simply linearizing about a DC operating point cannot
include frequency translation because linear time-invariant circuits do not exhibit frequency
translation. QPnoise also includes the effect of a quasi-periodically time-varying bias point on
the noise generated by the various components in the circuit. Hence QPnoise is useful for
predicting the noise behavior of mixers, switched-capacitor filters, and other periodically or
guasi-periodically driven circuits. You cannot use a QPnoise analysis alone. It must follow a
QPSS analysis. However, any number of quasi-periodic small signal analyses (QPAC, QPSP,
QPXF, and QPnoise) can follow a single QPSS analysis.

Computing the small-signal response of a quasi-periodically varying circuit is a two step
process.

1. First, the small stimulus is ignored and the quasi-periodic steady-state response of the
circuit to possibly large periodic stimuli is computed with a QPSS analysis. As a normal
part of the QPSS analysis, the quasi-periodically time-varying representation of the
circuit is computed and saved for later use.

2. Then, the small stimuli representing both individual noise sources in the circuit as well as
the input noise are applied to the periodically-varying linear representation to compute
the small signal response. This is done using the QPnoise analysis.

QPnoise Output

The time-average of the noise at the output of the circuit is computed in the form of a spectral
density versus frequency. The output of the circuit is specified with either a pair of nodes or a
probe component. To specify the output of a circuit with a probe, specify it using the opr obe
parameter. If the output is voltage (or potential), choose a resistor or a port as the output

probe. If the output is current (or flow), choose avsour ce ori pr obe as the output probe.

If you want the input-referred noise, specify the input source using the i pr obe parameter.
Currently, only avsour ce, ani sour ce, oraport can be used as an input probe. If the
input source is noisy, as is a por t , the noise analysis will compute the noise factor (F) and
noise figure (NF). To match the IEEE definition of noise figure, the input probe must be a
port with no excess noise and you must set its noi set enp parameter to 16.85 C (290 K).
In addition, the output load must be ar esi st or or port and must be identified as the
opr obe.
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Use the r ef si deband parameter to specify which conversion gain to use when computing
input-referred noise, noise factor, and noise figure. The reference sideband satisfies:

| f(input)| = |f(out) + refsideband frequency shift|

Sidebands are vectors in QPnoise analysis. Assume you have one large tone and one
moderate tone in a QPSS analysis. A sideband might be [ K1 K2] . It corresponds to the
following r ef si deband frequency shift.

Kl x fund(gpss-large-tone) + K2 x fund(gpss-moderate-tone)

Useref sideband=[ 0 0...] when the input and output of the circuit are at the same
frequency (such as with amplifiers and filters). When the r ef si deband parameter value
differs from the O vector, QPnoise computes the single side-band noise figure.

The noise analysis always computes

m  Total noise at the output. This includes contributions from the input source and the output
load.

m  The amount of output noise that is attributable to each noise source in the circuit. These
are output individually.

If you identify the input source with i pr obe and itis a vsour ce or ani sour ce, the input-
referred noise is computed. This includes the noise from the input source itself.

If you identify the input source with i pr obe and itis noisy, as is the case with ports, the noise
factor and noise figure are computed.

Noise Calculations Performed by QPnoise

Name  Description Output Label
No Total output noise Out
Ng Noise at the output due to the input probe (the source)
Nsi Noise at the output due to the image harmonic at the source
Nso Noise at the output due to harmonics other than input at the
source
N, Noise at the output due to the output probe (the load)
IRN Input referred noise (See Note:) In
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Noise Calculations Performed by QPnoise

G Gain of the circuit (See Note:)
F Single sideband noise factor
NF Single sideband noise figure
Fdsb Double sideband noise factor

NF4sp ~ Double sideband noise figure
Ficee |IEEE single sideband noise factor

NFicee |EEE single sideband noise figure

Gain
F
NF

Fasb
NFdsh

I:ieee
NFieee

Note: For the QPnoise analysis, the computation of gain and IRN assumes that the circuit
under test is impedance-matched to the input source. This can introduce inaccuracy into the

gain and IRN computation.

SpectreRF performs the following noise calculations.

Input referred noise

IRN =

IZ
Nlon

G

Single sideband noise factor
2_nN2
_ (NG=N{)
F=———
N
Single sideband noise figure

NF = 10 x log10(F)

Double sideband noise factor

2 2
N —N
_ (0]
|:dsb ) 2
N +N
S S
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Double sideband noise figure
NF o = 10 IoglO(Fdsb)

IEEE single sideband noise factor

N2 N2 N
~ o | so
I:ieee_ 2
N
S

IEEE single sideband noise figure

NF = 10 x loglo(':ieee)

ieee

QPnoise Synopsis

At the UNIX command line use the optional terminals (p and n) to specify the output of the
circuit. If you do not give the terminals, then you must specify the output with a pr obe
component.

In practice, noise can mix with each of the harmonics and intermodulation products of the
periodic drive signals applied in the QPSS analysis and end up at the output frequency.
However, the QPnoise analysis includes only the noise that mixes with a finite set of
harmonics. The noise contributions that are folded in are controlled by several parameters:
cl ockmaxharm si devec and the naxhar ns list in QPSS.

The cl ockmaxhar mparameter affects only the first large tone, which is typically the LO or a
clock frequency. It limits the maximum harmonic order of the large tone that will be
considered. The order of the harmonics to be considered for the moderate tones is limited by
the corresponding entries in the maxhar ns list in QPSS. In the case of the two tones in
QPSS, the harmonics of the first tone are limited by cl ocknmaxhar m For the second tone,
the maximum harmonic order is maxhar ns|[2].

If you select sidebands using the si devec parameter, then these selected sidebands are the
only sidebands included in the calculation. Take care when specifying the QPnoise si devec
and cl ockmaxhar mparameters and the QPSS nmaxhar s parameter. Your noise results will
be in error if you fail to include a sideband that contributes significant noise to the output.

The number of requested sidebands will substantially change the simulation time.
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In quasi-periodic analyses sidebands are vectors, or, in other words, harmonic combinations.
One way to specify them is using the si devec parameter. When a QPSS analysis has one
large tone and one moderate tone, the sideband is represented by a vector K} as [ Kll Klz] .
The corresponding frequency translation is

K, x f(qgpss-large-tone) + K') x f(qgpss-noderate-tone)

When there are L tones total in the QPSS analysis (1 large tone and L- 1 moderate tones),
there is also a given set of n integer vectors representing the sidebands

KE={ Ky, oo Ky Ky
K2 ={ K, ..., K ..., K}
Kn :{ Knl, ey Knj, ey KnL}

The QPnoise analysis computes the output frequency corresponding to each sideband as
follows.

. L .
' (out) = f(in)+i 51%; o

where

m  f(in) represents the (possibly swept) input frequency

= fjrepresents the fundamental frequency used in the corresponding QPSS analysis.

Enter the si devec parameter as a sequence of integer numbers separated by spaces. For
example, you would enter the setof vectors {1 1 0} {1 -1 0} {1 1 1} as follows

sidevecs[ 11 01-1011 1]

The other way to specify the sidebands is the cl ockmaxhar mparameter and the maxhar ns
parameter in the preceding QPSS analysis. Only the large tone, the first fundamental in
QPSS, is affected by the QPnoise cl ockmaxhar mparameter value. It limits the maximum
harmonic order of the large tone that will be considered. All the remaining tones, the
moderate tones, are limited by the QPSS maxhar ns parameter value.

Given the following parameters
= Inthe QPSS analysis input, maxhar ms=[ k% k2max- - - K paxd

= In the QPnoise analysis input, cl ockmaxhar mFK 54
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The QPnoise analysis output generates the following number of sidebands

(2*Kpax + 1) * (2% K2yt 1) * (28 K3t 1) * o * (25K g +1)

Swept QPnoise Analysis

Specify sweep limits by providing either the end points (st art and st op) or by providing the
center value and the span of the sweep (cent er and span).

Specify sweep steps as linear or logarithmic as well as the number of steps or the size of each
step. You can give a step-size parameter (st ep, | i n, | og, dec) to determine whether the
sweep is linear or logarithmic. If you do not give a step-size parameter, the sweep is linear
when the ratio of st op to st art values is less than 10:1, and logarithmic when this ratio is
equal to or greater than 10:1.

Alternatively, you can specify the particular values for the sweep parameter using the val ues
parameter. If you give both a specific set of values and a set specified using a sweep range,
the two sets are merged and collated before simulation. All frequencies are in Hertz.

QPnoise Parameters

Sweep Interval Parameters

start=0 Start sweep limit.

stop Stop sweep limit.

center Center of sweep.

span=0 Sweep limit span.

step Step size, linear sweep.

lin=50 Number of steps, linear sweep.

dec Points per decade.

log=50 Number of steps, log sweep.

values=[...] Array of sweep values.

sweeptype Specifies if the sweep frequency range is absolute frequency of

input or if it is relative to the port harmonics. Possible values are
absolute or relative.

relharmnum=|...] Harmonic to which relative frequency sweep should be referenced.
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Probe Parameters
oprobe

iprobe

refsideband=[...]

refsidebandoption=individual

Output Parameters
clockmaxharm=7

sidevec=|[...]

save

nestlvl

saveallsidebands=no

Convergence Parameters

Compute total noise at the output defined by this
component.

Refer the output noise to this component.

Conversion gain associated with this sideband is used
when computing input-referred noise or noise figure.

Whether to view the sideband as a specification of a
frequency or a specification of an individual sideband.
Possible values are freq or individual.

Maximum clock harmonics range included when computing
noise either up-converted or down-converted to the output
by the periodic drive signal.

Array of relevant sidebands for the analysis.

Signals to output. Possible values are all, Ivl, allpub, Ivipub,
selected, or none.

Levels of subcircuits to output.

Save noise contributors by sideband. Possible values are
no or yes.

tolerance=1e-9 Relative tolerance for linear solver.
gear_order=2 Gear order used for small-signal integration, 1 or 2.
solver=turbo Solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.

stats=no Analysis statistics. Possible values are no or yes.

title Analysis title.
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Quasi-Periodic AC Analysis

The quasi-periodic AC (QPAC) analysis computes transfer functions for circuits that exhibit
multitone frequency translation. Such circuits include mixers, switched-capacitor filters,
samplers, phase-locked loops, and similar circuits.

QPAC is a quasi-periodic small-signal analysis like the conventional AC analysis, except that
with QPAC the circuit is first linearized about a quasi-periodically time-varying operating point
as opposed to a simple DC operating point. Linearizing about a quasi-periodically time-
varying operating point produces transfer-functions that include frequency translation. Simply
linearizing about a DC operating point cannot include frequency translation because linear
time-invariant circuits do not exhibit frequency translation.

Computing the small-signal response of a quasi-periodically varying circuit is a two step
process.

1. First, the small stimulus is ignored and the quasi-periodic steady-state response of the
circuit to possibly large periodic stimuli is computed with a QPSS analysis. As a normal
part of the QPSS analysis, the quasi-periodically time-varying representation of the
circuit is computed and saved for later use.

2. Second, the small stimuli are applied to the periodically-varying linear representation to
compute the small signal response. This is done using the QPAC analysis.

QPAC Output Frequency and Sideband Vectors

You select the set of quasi-periodic small-signal output frequencies you are interested in by
setting either the cl ocknmaxhar mor the si devec output parameters.

In quasi-periodic analyses sidebands are vectors, or, in other words, harmonic combinations.
One way to specify them is using the si devec parameter. When a QPSS analysis has one
large tone and one moderate tone, the sideband is represented by the vector KL as

[ Ky KL,]. The corresponding frequency translation is

Ky x f(qgpss-large-tone) + K') x f(qgpss-noderate-tone)

When there are L tones total in the QPSS analysis (1 large tone and L- 1 moderate tones),
there is also a given set of n integer vectors representing the sidebands

KE={ Ky, oo Ky Ky
K2 ={ K, ..., K& ..., K}
Kn:{Knl, ey Knj’..., KnL}
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The QPAC analysis computes the output frequency corresponding to each sideband as
follows.

. L .
| . |
f'(out) = f(m)+i 21%(] ijg

Where
m  f(in) represents the (possibly swept) input frequency

= fj represents the fundamental frequency used in the corresponding QPSS analysis.

In modeling a down-converting mixer with low-side LO and with swept RF input frequency,
the most relevant sideband for the IF outputis { - 1, 0} . For an up-converting mixer with swept
IF input frequency, the most relevant sideband for the RF output is { 1, 0} . In a typical IP3
measurement, IM1 will correspond to the {-1, 0} sideband and IM3 to the {-1, 2} sideband.

Enter the si devec parameter as a sequence of integer numbers separated by spaces. For
example, you would enter the set of vectors{1 1 0} {1 -1 0} {1 1 1} as follows

sidevec=[ 11 01-12011 1]

The other way to specify the sidebands is the cl ocknmaxhar mparameter and the naxhar ns
parameter in the preceding QPSS analysis. Only the large tone, the first fundamental in
QPSS, is affected by the QPAC cl ockmaxhar mparameter value. It limits the maximum
harmonic order of the large tone that will be considered. All the remaining tones, the
moderate tones, are limited by the QPSS maxhar ns parameter value.

Given the following parameters
= Inthe QPSS analysis, maxhar ms=[ k% oy k%max- - - K rrex]

m  Inthe QPAC analysis, cl ockmaxhar meK gy

The QPAC analysis output generates the following number of sidebands

(2% Kipy + 1) % (2% K2t 1) * (2% K3y t1) * . . . * (25K gy t1)

Note: The number of sidebands you request substantially increases the simulation time.

For a QPAC analysis, the stimulus and response frequencies are usually different (this is an
important way in which QPAC analysis differs from AC analysis).
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Use the QPAC f r eqaxi s parameter to specify how to output the QPAC simulation results.
For

m freqgaxi s=in the results are output versus the input frequency
s freqgaxi s=out the results are output versus the output frequency

m freqgaxi s=absout the results are output versus the absolute value of the output
frequency
Swept QPAC Analysis

Specify sweep limits by providing either the end points (st art and st op) or by providing the
center value and the span of the sweep (cent er and span).

Specify sweep steps as linear or logarithmic as well as the number of steps or the size of each
step. You can give a step-size parameter (st ep, | i n, | og, dec) to determine whether the
sweep is linear or logarithmic. If you do not give a step-size parameter, the sweep is linear
when the ratio of st op to st art values is less than 10, and logarithmic when this ratio is 10
or greater.

Alternatively, you can specify the particular values that the sweep parameter should take
using the val ues parameter. If you give both a specific set of values and a set specified using
a sweep range, the two sets are merged and collated before simulation. All frequencies are
in Hertz.

QPAC Parameters

Sweep Interval Parameters

start=0 Start sweep limit.

stop Stop sweep limit.

center Center of sweep.

span=0 Sweep limit span.

step Step size, linear sweep.

lin=50 Number of steps, linear sweep.
dec Points per decade.

log=50 Number of steps, log sweep.
values=[...] Array of sweep values.
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sweeptype

relharmvec=][...]
Output Parameters

sidevec=|...]

clockmaxharm=0

fregaxis

save

nestlvl

Specifies if the sweep frequency range is absolute frequency of
input or if it is relative to the port harmonics. Possible values are
absolute or relative.

Harmonic to which relative frequency sweep should be referenced.

Array of relevant sidebands for the analysis.

An alternative to the ‘sidevec’ array specification, which
automatically generates the array:

[ - clockmaxharm ... O ... +clockmaxharms]

[- maxharms(QPSS)[2]...0...maxharms(QPSS)[2] ][...].

Specifies whether the results should be output versus the
input frequency, the output frequency, or the absolute value
of the output frequency. Default is ‘in’ for logarithmic
frequency sweeps and ‘absout’ otherwise. Possible values
are absout, out or in.

Signals to output. Possible values are all, Ivl, allpub, Ivipub,
selected, or none.

Levels of subcircuits to output.

Convergence Parameters

tolerance=1e-9
gear_order=2

solver=turbo

Relative tolerance for linear solver.
Gear order used for small-signal integration, 1 or 2.

Solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep

stats=no
title

November 2004

Degree of annotation. Possible values are no, title, sweep, status,
or steps.

Analysis statistics. Possible values are no or yes.

Analysis title.
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Quasi-Periodic S-Parameter Analysis

The quasi-periodic SP (QPSP) analysis computes scattering and noise parameters for n-port
circuits that exhibit frequency translation. Such circuits include mixers, switched-capacitor
filters, samplers, phase-locked loops, and the like.

QPSP is a quasi-periodic small-signal analysis similar to the SP analysis except that with

QPSP the circuit is first linearized about a quasi-periodically time-varying operating point as
opposed to either a simple periodically time-varying operating point or a DC operating point.
Linearizing about a quasi-periodically time-varying operating point allows the computation of
S-parameters between circuit ports that convert signals from one frequency band to another.

The QPSP analysis also calculates noise parameters in frequency-converting circuits. QPSP
computes noise figure (single-sideband, double-sideband, and IEEE single-sideband), input
referred noise, equivalent noise parameters, and noise correlation matrices. As is also true
for QPnoise analysis, but unlike SP analysis, the noise features of the QPSP analysis include
noise folding effects due to the quasi-periodically time-varying nature of the circuit.

Computing the n-port S-parameters and noise parameters of a quasi-periodically varying
circuit is a two step process.

1. First, the small stimuli are ignored and the quasi-periodic steady-state response of the
circuit to possibly large periodic stimuli is computed with a QPSS analysis. As a normal
part of the QPSS analysis, the quasi-periodically time-varying representation of the
circuit is computed and saved for later use.

2. Second, using the QPSP analysis, the small-signal excitations are applied to compute
the n-port S-parameters and noise parameters.

QPSP Output Frequencies and Sideband Vectors

To specify the QPSP analysis, you must specify the physical ports and the port harmonics
combinations that form the virtual ports of interest. In QPSP as in PSP, port sidebands are
used to assign the frequency translation between ports.

m  Setthe port parameter for the physical ports of interest

m  Set either the por t har nsvec or the har nsvec parameter to select the quasi-periodic
small-signal output frequencies, or harmonics, of interest

0  When you use the por t har nsvec parameter, the harmonic vectors must be in one-
to-one correspondence with the ports, with one harmonic combination associated
with each physical port listed in the por t list. That is in the presence of two tones
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in QPSS, each physical port needs a combination of two harmonics assigned to it,
so there are two integer numbers in por t har nsvec for each entry in port.

0  When you specify harmonic combinations with the optional har nsvec parameter,
the QPSP analysis computes all possible frequency-translating scattering
parameters associated with the specified harmonics.

In quasi-periodic analyses sidebands are vectors, or, in other words, harmonic combinations.
One way to specify them is using the si devec parameter. When a QPSS analysis has one
large tone and one moderate tone, the sideband is represented by a vector K as [ Kll K12] .
The corresponding frequency translation is

Ky x f(qgpss-large-tone) + K') x f(qgpss-noderate-tone)

When there are L tones total in the QPSS analysis (1 large tone and L- 1 moderate tones),
there is also a given set of n integer vectors representing the sidebands

KE={ Kby oo Ky Kll_}
K2 ={ K&, ..., K& ..., K}
Kn:{Knl, ey Knj7..., KnL}

QPSP computes the S-parameters from each virtual port to all the others. The frequency
translation from one virtual port to the other is calculated using the following.

fl(scattered) f (|nC|dent)+ Z % KWDDfE
i=1
Where

m  f(scattered) is the frequency to which the relevant scattering parameter represents the
conversion

m  f(incident) represents the relative frequency of a signal incident on a port

m f representsthe f undanent al frequency used inthe corresponding QPSS analysis.

Input and Output Frequencies in QPSP

For the QPSP analysis, the frequency of the input and the frequency of the response are
usually different (this is an important way in which QPSP analysis differs from SP analysis).
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When you analyze a down-converting mixer with a signal in the upper sideband and you
sweep the RF input frequency

m  The most relevant harmonic for RF input is Ki={1,0}

= The most relevant harmonic for IF output is K'={0,0}

Hence, you can associate
= K!={1,0} with the RF port
= K?={0,0} with the IF port.

The frequency translation will be the following
Af (RFtolF) = f(IF)-f(RF) = (0 Df1+0 sz)—((l Df1+0 sz)) = —f(LO)

S, represents the transmission of the signal from the RF port with f(incident)=f(RF) to the
port IF with f(scattering)=f(IF)=f(RF)+Af (RFtol F) =f(incident)-f(LO).

S,1 represents the reflection of the signal back to the RF port.

S1, represents the transmission from port IF with f(incident)=f(IF) to port RF with
f(scatter)=f(RF)=f(IF)-Af (RFtol F) =f(incident)+f(LO)

If the signal is in the lower sideband, then a choice of K;={-1,0} is more appropriate.

Because the QPSP computation involves inputs and outputs at frequencies that are relative
to multiple harmonics, the f r eqaxi s and sweept ype parameters behave somewhat
differently in QPSP analysis than they do in both QPAC and QPXF analyses.

The sweept ype parameter controls the way the frequencies are swept.

m Arel ative sweeptype indicates a sweep relative to the first virtual port harmonics
vector

= Anabsol ut e sweept ype indicates a sweep of the absolute input source frequency

For the relative sweep with the frequency f,o and the first virtual port with harmonic vector
[K!; K1,] the incident and scatter frequencies for S,; are
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B 1 1
fincident - freI+K1Df1+K2Df2
f = f + K, Of +K1Df + Af(RFtolF) = f + K, Of +K2Df
scatter ~ 'rel 1 22 ( olF) = rel 1 22
while for S;, they are
_ 2 2
fincident - freIJrKlmflJ’KZDfZ
f = f  4KOOF, +K2Of —Af(RFtOIF) = f. + KX Of , + K2 Of
scatter ~ 'rel 11 22 (RFtolF) = rel 11 22

For the absolute sweeptype the sweep frequency will be used as an incident frequency on
the first virtual portin S,q

f = f

incident abs

2

O
+KDf+KDf2 §<1 Df

f = f abs* K1 T

scatter abs+Af(RFtOIF) = f

or scatter frequency for S,

2 2

_ _ 1 10
f = f et AF(RFtOIF) = f o + K OFy + K5 O = HKy O + K5 OF

incident abs

f scatter — f abs

For example, with the following parameter values including r el ati ve sweept ype
s QPSS fundamentals of 1000 MHz and 1010 MHz

m portharnsvec = [0 1 -1 1] (to examine a down converting mixer)

m  sweeptype=rel ative

m sweeprange of f(rel)=0 -> 5 MHz

The frequency translation
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Af = (-LOf { +10F,) (0 0f ; +100F ) = —f(LO)

The resulting S, represents the strength of the signal transmitted from the input at the first
virtual port in the range 1010->1015 MHz to the output at the second virtual port at
frequencies of 10->15 MHz. Accordingly, S, represents the signal transmitted from the
second virtual port with fj,cigent=10->15 MHz to the first virtual port at fo4ter = 1010->1015
MHz.

Using the following changed parameter values including absol ut e sweept ype calculates
the same quantities.

m  sweeptype=absol ute

= sweep range of f(abs)=1010- >1015 MHz
Both configuration calculate the same quantities
f(abs) =1010- >1015 MHz

f(rel) = f(abs) - (K1 *f; + K1,*f,)= 0 ->5 MHz

because
n K11:
[ ] K12: 1

= ,=1000 MHz
= ,=1010 MHz.

Use the f r egaxi s parameter to specify whether the results should be output versus the

frequency at the first virtual port, the frequency at the second virtual port (out), or the absolute
value of the frequency swept at the first virtual port (absi n).

Note: Requesting additional ports and harmonics increases the simulation time substantially.

Noise Analysis with QPSP

The QPSP analysis performs noise analysis which includes noise figures, equivalent noise
sources, and noise parameters. The noise computation, which is performed by default and
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skipped only when you set donoi se=no, requires additional simulation time beyond that
required for S-parameter calculation.

Noise Calculations Performed by QPSP

Name  Description Output Label
No Total output noise at frequency f
Ng Noise at the output due to the input probe (the source)
Nsi Noise at the output due to the image harmonic at the source
Nso Noise at the output due to harmonics other than input at the

source
N, Noise at the output due to the output probe (the load)
IRN Input referred noise In
G Gain of the circuit (See Note:) Gain
F Single sideband noise factor F
NF Single sideband noise figure NF
Fasb Double sideband noise factor Fdsb
NF4sp  Double sideband noise figure NF4sb
Fieee IEEE single sideband noise factor Fieee
NFieee |EEE single sideband noise figure NFicee

Note: For the QPSP analysis, the gain computed is the voltage gain from the actual circuit
input to the circuit output, not the gain from the internal port voltage source to the output. For
the noise characterization the first virtual port is dedicated as the input, the second virtual port
serves as the output.

SpectreRF performs the following noise calculations.

Input referred noise

IRN =

G)IZ
NioN
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Single sideband noise factor

2 2
F:M

2
NS

Single sideband noise figure
NF = 10 x log10(F)

Double sideband noise factor

2 2
N—NI

_ o
I:dsb_ 2 2
N +N .
S si

Double sideband noise figure
NFop = 10><IoglO(FdSb)

IEEE single sideband noise factor

N2 N2 N
I:ieee B 2
N
S

IEEE single sideband noise figure

NF. e = 10x 10g10(F; ..

ieee

Noise Folding Effects

To insure accurate noise calculations, set the cl ockmaxhar mparameter to include the
relevant noise folding effects.The cl ockmaxhar mparameter is only relevant to the noise
computation features of QPSP.
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Swept QPSP Analysis

Specify sweep limits by providing either the end points (st art and st op) or by providing the
center value and the span of the sweep (cent er and span).

Specify sweep steps as linear or logarithmic. Either specify the number of steps or the size
of each step. You can give a step-size parameter (st ep, | i n, | og, dec) to determine
whether the sweep is linear or logarithmic. If you do not give a step-size parameter, the sweep
is linear when the ratio of st op to st art values is less than 10, and logarithmic when this
ratio is 10 or greater.

Alternatively, you may specify the particular values that the sweep parameter should take
using the val ues parameter. If you give both a specific set of values and a set of values
specified using a sweep range, the two sets are merged and collated before being used. All
frequencies are in Hertz.

QPSP Parameters

Sweep Interval Parameters

start=0 Start sweep limit.

stop Stop sweep limit.

center Center of sweep.

span=0 Sweep limit span.

step Step size, linear sweep.

lin=50 Number of steps, linear sweep.

dec Points per decade.

log=50 Number of steps, log sweep.

values=[...] Array of sweep values.

sweeptype Specifies if the sweep frequency range is absolute frequency of

input or if it is relative to the port harmonics. Possible values are
absolute or relative.

Port Parameters

ports=[...] List of active ports. Ports are numbered in the order given. For
purposes of noise figure computation, the input is considered port
1 and the output is considered port 2.
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portharmsvec=[...] List of harmonics active on the specified list of ports. The
por t har msvec vector must have a one-to-one correspondence
with the port s vector.

harmsvec=[...] Secondary list of additional, active harmonic’s combinations.
Harmonics included in the har msvec vector are in addition to
those associated with specific ports by por t har nsvec.

Output Parameter

fregaxis Specifies whether the results should be output versus the input
frequency, the output frequency, or the absolute value of the
input frequency. Default is i n. Possible values are absi n, i n or
out .

Noise Parameter

donoise=yes Perform noise analysis. If oprobe is specified as a valid port,
donoi seissettoyes, and a detailed noise output is generated.
Possible values are no or yes.

Probe Parameter

clockmaxharm=7 Maximum clock harmonics range included when computing
noise either up-converted or down-converted to the output by the
periodic drive signal. The cl ockmaxhar mparameter is only
relevant to the noise computation features of QPSP (when
donoi se=yes).

Convergence Parameters

tolerance=1e-9 Relative tolerance for linear solver.
gear_order=2 Gear order used for small-signal integration, 1 or 2.
solver=turbo Solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.

stats=no Analysis statistics. Possible values are no or yes.

title Analysis title.
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Quasi-Periodic Transfer Function Analysis

The quasi-periodic transfer-function (QPXF) analysis produces transfer-functions that include
multitone frequency translation. The QPXF analysis computes the transfer functions from any
source at any frequency to a single output at a single frequency.

The QPXF analysis directly computes

m  Conversion Efficiency --The transfer function from the input to the output at a specified
frequency.

=  Image Rejection and Sideband Rejection -- The input to output at an undesired
frequency.

m  LO Feed-Through and Power Supply Rejection -- Undesired input to output at all
frequencies.

Computing the small-signal response of a quasi-periodically varying circuit is a two step
process.

1. First, the small stimulus is ignored and the quasi-periodic steady-state response of the
circuit to possibly large periodic stimuli is computed with a QPSS analysis. As a normal
part of the QPSS analysis, the quasi-periodically time-varying representation of the
circuit is computed and saved for later use.

2. Second, the small stimulus is applied to the quasi-periodically time-varying linear
representation and the small signal response is computed. This is done using the QPXF
analysis.

QPXF Output Frequencies and Sideband Vectors

Either voltage or current can be the QPXF output variable of interest. The variable’s frequency
is not constrained by the period of the large signal quasi-periodic solution. When you sweep
a selected output frequency, you select the set of quasi-periodic small-signal input
frequencies you are interested in by setting either the cl ocknaxhar mor the si devec output
parameter.

In quasi-periodic analyses sidebands are vectors, or, in other words, harmonic combinations.
One way to specify them is using the si devec parameter. When a QPSS analysis has one
large tone and one moderate tone, the sideband is represented by a vector K as [ Kll K12] .
The corresponding frequency translation is

K'Yy x f(qgpss-large-tone) + K') x f(qgpss-noderate-tone)
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When there are L tones total in the QPSS analysis (1 large tone and L- 1 moderate tones),
there is also a given set of n integer vectors representing the sidebands

K;:{ Kil, K;j’ K;L}
K :{ Kl’ e ey K], vy KL}
Kn:{ Knl, ey Knj’ . KnL}

The QPXF analysis computes the output frequency corresponding to each sideband as
follows.

. L .
i [
f(in) = f(out)+i 21%(] DfE

where
m  f(out) represents the (possibly swept) output signal frequency

= fj represents the fundamental frequency used in the corresponding QPSS analysis.

When you analyze a down-converting mixer, while sweeping the IF output frequency
m  K;={1, 0} for the RF input represents the first upper-sideband

m  K;={-1, 0} for the RF input represents the first lower-sideband.

Enter the si devec parameter as a sequence of integer numbers separated by spaces. For
example, you would enter the set of vectors{1 1 0} {1 -1 0} {1 1 1} as follows

sidevecz[ 11 01-1011 1]

The other way to specify the sidebands is the cl ockmaxhar mparameter and the raxhar ns
parameter in preceding QPSS analysis. Only the large tone, the first fundamental in QPSS,
is affected by the QPAC cl ocknmaxhar mparameter value. It limits the maximum harmonic

order of the large tone that will be considered. All the remaining tones, the moderate tones,
are limited by the QPSS naxhar ns parameter value.

Given the following parameters
= Inthe QPSS analysis, maxhar ms=[ K% Krox - K'esd

m Inthe QPXF analysis, cl ockmaxhar meK o

The QPXF analysis output generates the following number of sidebands
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(2% Kiaxt1) * (2% K2yt 1) * (25K +1) *. o % (25K 1)
Note: The number of sidebands you request substantially increases the simulation time.

For a QPXF analysis, the stimulus and response frequencies are usually different (this is an
important way in which QPXF differs from XF analysis).

Use the QPXF f r egaxi s parameter to specify how to output the QPXF simulation results.
For

m freqgaxi s=in the results are output versus the input frequency
m freqgaxi s=out the results are output versus the output frequency

m fregaxi s=absin the results are output versus the absolute value of the input frequency

You can specify the output for the QPXF analysis with either a probe component or with a pair
of nodes. Any component with two or more terminals can be a voltage probe. When there are
more than two terminals, the terminals are grouped in pairs and you use the portv
parameter to select the appropriate pair of terminals. Alternatively, you can simply give a pair
of nodes to specify a voltage as the output.

Any component that naturally computes current as an internal variable can be a current
probe. If the probe component computes more than one current, use the porti parameter
to select the appropriate current. Do not specify both port v and porti parameters for a
simulation. If you specify neither a port v or porti parameter, the probe component
provides a reasonable default.

Transfer Function Inputs

The QPXF st i nmul i parameter specifies the transfer function inputs. You have two choices.

m Thestinmuli =sour ces parameter value uses the sources present in the circuit as
inputs. You can adjust the computed gain to compensate for gains or losses in a test
fixture with the xf mag parameters provided by the sources. You can use the save and
nest | vl parameters to limit the number of sources in hierarchical netlists.

m  Thestinuli=nodes_and_term nal s parameter value computes all possible
transfer functions. This is useful when you do not know in advance which transfer
functions might be interesting.

Transfer functions for nodes are computed assuming that a unit magnitude flow (current)
source is connected from the node to ground. Transfer functions for terminals are computed
assuming that a unit magnitude value (voltage) source is connected in series with the
terminal.
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By default, the transfer functions are computed from a small set of terminals.

m |If you want transfer functions from specific terminals, specify the terminals in the save
statement. Use the: pr obe modifier (ex. Rout : 1: pr obe) or specify usepr obes=yes
on the opt i ons statement.

m If you want transfer functions from all terminals, specify current s=al | and
usepr obes=yes on the opt i ons statement.

Swept QPXF Analysis

Specify sweep limits by providing either the end points (st art and st op) or by providing the
center value and the span of the sweep (cent er and span).

Specify sweep steps as linear or logarithmic as well as the number of steps or the size of each
step. You can give a step-size parameter (st ep, | i n, | og, dec) to determine whether the
sweep is linear or logarithmic. If you do not give a step-size parameter, the sweep is linear
when the ratio of st op to st art values is less than 10, and logarithmic when this ratio is 10
or greater.

Alternatively, you may specify the particular values that the sweep parameter should take
using the val ues parameter. If you give both a specific set of values and a set specified using

a sweep range, the two sets are merged and collated before being used. All frequencies are
in Hertz.

QPXF Parameters

Sweep Interval Parameters

start=0 Start sweep limit.

stop Stop sweep limit.

center Center of sweep.

span=0 Sweep limit span.

step Step size, linear sweep.

lin=50 Number of steps, linear sweep.
dec Points per decade.

log=50 Number of steps, log sweep.
values=[...] Array of sweep values.
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sweeptype Specifies if the sweep frequency range is absolute frequency of
input or if it is relative to the port harmonics. Possible values are
absolute or relative.

relharmnum=|...] Harmonic to which relative frequency sweep should be referenced.

Probe Parameters
probe Compute every transfer function to this probe component.

Output Parameters

stimuli=sources Stimuli used for xf analysis. Possible values are sources or
nodes_and_terminals.

sidevec=|[...] Array of relevant sidebands for the analysis.

clockmaxharm=0 An alternative to the ‘sidevec’ array specification, which
automatically generates the array:
[ - clockmaxharm ... O ... +clockmaxharms]
[- maxharms(QPSS)[2]...0...maxharms(QPSS)[2] ][...].

fregaxis Specifies whether the results should be output versus the
input frequency, the output frequency, or the absolute value
of the input frequency. Default is ‘out’ for logarithmic
frequency sweeps and ‘absin’ otherwise. Possible values
are absin, in or out.

save Signals to output. Possible values are all, Ivl, allpub, Ivipub,
selected, or none.

nestlvl Levels of subcircuits to output.

Convergence Parameters

tolerance=1e-9 Relative tolerance for linear solver.
gear_order=2 Gear order used for small-signal integration, 1 or 2.
solver=turbo Solver type. Possible values are std or turbo.

Annotation Parameters

annotate=sweep Degree of annotation. Possible values are no, title, sweep, status,
or steps.

stats=no Analysis statistics. Possible values are no or yes.

title Analysis title.
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Envelope Following Analysis

RF circuit designers who simulate the modulation schemes of communications systems want
efficient and accurate prediction of the envelope transient response of RF circuits. Typically,
these modulation schemes are difficult to simulate because they are clocked at a frequency
whose period is orders of magnitude smaller than the time interval of interest. Using classical
transient simulation for these circuits is time-consuming, and new RF analyses, such as PSS
and QPSS might not work directly because the modulation signal is sometimes stochastic
and might be neither periodic nor quasi-periodic.

Envelope Following Analysis (Envlp) permits efficient simulation of AM and PM modulation
schemes and reduces the simulation time without compromising accuracy. This analysis
depends on the property that circuit behavior in a fixed given high-frequency clock cycle is
similar, but not identical, to the behavior of the preceding and following clock cycles. In
particular, the envelope of the high-frequency clock can be followed by accurately computing
the circuit behavior over occasional cycles that accurately model the fast transient behavior.
The slow-varying modulation is accurately followed by a piecewise polynomial. As a result,
the spectrum of the circuit response can be obtained by combining the piecewise polynomial
and the integration of the occasional clock cycles.

The Envlp analysis computes the envelope response of a circuit. You specify the analysis

cl ocknane parameter. The simulator automatically determines the clock period by
examining all the sources with the specified name. The envelope response is computed over
the interval from the st art to st op parameter values. If the interval you specify is not a
multiple of the clock period, it is rounded off to the nearest multiple before the st op time. The
initial condition is assumed to be the DC steady-state solution unless you specify otherwise.

Envelope Following Analysis is most efficient for circuits whose modulation bandwidth is
orders of magnitude lower than the clock frequency. This is typically the case, for example, in
circuits whose clock is the only fast varying signal, and whose other input signals have a
spectrum with a frequency range orders of magnitude lower than the clock frequency.

In general, the Envlp analysis is not intended for circuits working with multiple fundamentals.
However, like PSS analysis, you can use it for specific classes of circuits that operate with
multiple fundamentals.

You can, for example, use Envelope Following Analysis when the multiple fundamentals are
commensurate. In this situation, you use the greatest common denominator of all
fundamental frequencies as the clock frequency. This is similar to computing the beat
frequency for PSS analysis. The analysis efficiency is also analogous to PSS analysis. At
each integration of the clock period, many fast cycles might be required. Greater numbers of
fast cycles decrease the efficiency of the analysis.

November 2004 111 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Analyses

There is a second situation when Envelope Following Analysis is useful for circuits with
multiple fundamentals. This is when the down conversion of two closely placed frequencies
can also generate a slow-varying modulation envelope whose frequency is orders of
magnitude lower than the input frequencies. In this case, you can use Envelope Following
Analysis to trace out the modulation envelope by choosing either of the fast-varying signals
as the clock. However, you usually choose the signal that causes the most nonlinearity.

Envelope Following Analysis generates two types of output files:
m A voltage versus time (td) file

= An amplitude/phase versus time (fd) file for each specified harmonic of the clock
fundamental.

The td file contains time-domain real waveforms. They are similar to the waveforms
generated by transient analysis. The difference between the analyses is that the integration
of a clock cycle occurs much less frequently with Envelope Following Analysis. Consequently,
you usually see big gaps between integrated clock cycles. You can express the signals using
time varying Fourier coefficients.

JKopt
ak(t)e 0
1

v(t) =
k

M <

The fd file contains time varying Fourier coefficients g(t)(complex) up to harmonic M, where
M is specified using the har ns parameter. The most interesting harmonic is probably the first
one. The real and imaginary parts of this harmonic are called the in-phase and quadrature
components of the baseband signal. Assume, for example, that you simulate a transmitter
that is driven by a complex baseband signal. For a phase-modulation scheme, you plot the
phase of the time-varying Fourier coefficients of harmonic 1 versus time to see the
transmitted phase. To see the trajectory of the transmitted baseband signal, plot the real
versus the imaginary parts of the time-varying Fourier coefficients of harmonic 1. The
trajectory lets you visually check the error vector magnitude (EVM). To compute the
transmitted power spectral density about the carrier, compute the power spectral density of
the time-varying Fourier coefficients of harmonic 1. From the power spectral density, you can
estimate Adjacent Channel Power Ratio (ACPR). See “Measuring ACPR and PSD” on
page 796.

The spectrum of each harmonic response is calculated from the Analog Circuit Design
Environment. This is useful for applications such as ACPR calculation.

You can also use the fd result for applications such as constellation diagrams, by plotting
amplitude versus phase.
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Envlp Synopsis

Envelope Fundamental Parameters
clockname Name of the clock fundamental.

modulationbw (Hz) Modulation bandwidth.

Simulation Interval Parameters

stop (s) Stop time.

start=0 s Start time.

tstab=0 s Initial stabilization time.

outputstart=start s Output is saved only after this time is reached.

Time-Step Parameters

maxstep (S) Maximum time step for inner transient integration. Default
derived from er r pr eset . See “The errpreset Parameter in
Envip Analysis” on page 116.

envmaxstep (s) Maximum outer envelope step size. Default derived from
errpreset . See “The errpreset Parameter in Envip Analysis” on
page 116.

Initial-Condition Parameters

ic=all What should be used to set initial condition. Possible values are
dc, node, dev,oral | .

skipdc=no If yes, there will be no dc analysis for initial transient. Possible
values are no or yes.

readic File that contains initial transient condition.

Convergence Parameters
readns File that contains the estimate of the initial DC solution.

cmin=0 F Minimum capacitance from each node to ground.

State-File Parameters
write File to which initial transient solution is to be written.

writefinal File to which final transient solution is to be written.
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swapfile

Temporary file that holds the matrix information used by
Newton’s method. Tells Spectre to use a regular file rather than
virtual memory to hold the matrix information. Use this option if
Spectre warns about not having enough memory to complete
this analysis.

Integration Method Parameter

method

Accuracy Parameters

Integration method. Default derived from er r pr eset . Possible
values are eul er, trap, traponl y, gear 2, or gear 2onl y.
See “The errpreset Parameter in Envip Analysis” on page 116.

See “The errpreset Parameter in Envip Analysis” on page 116.

errpreset:moderate

relref

Iteratio

steadyratio

envlteratio

Annotation Parameters
stats=no

annotate=sweep

title
Output Parameters

harms=1

harmsvec=[...]

November 2004

Selects a reasonable collection of parameter settings. Possible
values are conservati ve, noderate orli beral .

Reference used for the relative convergence criteria. Default
derived from er r pr eset . Possible values are poi ntl ocal ,
al Il ocal , si ggl obal , orall gl obal .

Ratio used to compute LTE tolerances from Newton tolerance.
Default derived from er r pr eset .

Ratio used to compute steady state tolerances from LTE
tolerance. Default derived from err pr eset .

Ratio used to compute envelope LTE tolerances. Default derived
fromerrpreset.

Analysis statistics. Possible values are no or yes.

Degree of annotation. Possible values are no, ti tl e, sweep,
st at us, or st eps.

Analysis title.

Number of clock harmonics to output.

Array of desired clock harmonics. This is an alternate form of
har ns that allowsyou to select specific harmonics.
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outputtype=both Output type. Possible values are bot h, envel ope or
spectrum

save Signals to output. Possible values are al | , | vl , al | pub,
| vl pub, sel ect ed, or none.

nestivl Levels of subcircuits to output.

compression=no Do data compression on output. Possible values are no or yes.
See “The compression Parameter in Envip Analysis” on
page 116.

strobeperiod (s) The output strobe interval (in seconds of envelope following

time). The actual strobe interval is rounded to an integer multiple
of the clock period.

Newton Parameters

maxiters=5 Maximum number of Newton iterations per transient integration
time step.

envmaxiters=3 Maximum number of Newton iterations per envelope step.

restart=yes Do not use the previous DC solution as an initial guess. Possible

values are no or yes.

Circuit Age
circuitage (Years) Stress Time. Age of the circuit used to simulate hot-electron
degradation of MOSFET and BSIM circuits.

The simulator determines the clock frequency by examining all the sources specified by the
cl ocknane parameter. If multiple frequencies are found, the least common factor of these
frequencies is used as the clock frequency.

The maximum envelope step size is affected by many parameters. It can be directly limited
by the envmaxst ep parameter. Itis also limited by the nodul at i onbw parameter. The user
gives an estimate of the modulation bandwidth. The simulator will put at least eight points
within the modulation period.

The har ns and har nsvec parameters affect the simulation time in a significant way. The
spectrum is calculated for all specified harmonics in all sampled integration cycles as the
envelope following analysis marches on. For each harmonic, a file is generated.

You should refrain from specifying unnecessary harmonics. Typically, har ns is set to 1 or 2.
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The errpreset Parameter in Envip Analysis
Most parameters of the Envlp analysis are inherited from either transient or PSS analysis and

their meanings are consistent. The effect of the er r pr eset parameter on some other Envlp
analysis parameters is shown in Table 1-6.

Table 1-6 Envip Parameter Default Values for er r pr eset Settings

errpreset envmaxstep steadyratio envlteratio
liberal Interval/10 1.0 10.0
moderate Interval/50 0.1 1.0
conservative Interval/100 0.01 0.1

The effect of the er r pr eset parameter on parameters suchasrel tol ,rel ref, met hod,
maxst ep, and | t er ati o are the same as defined in Table 1-5.

The compression Parameter in Envlp Analysis

The default value for conpr essi on is no. The output file stores data for every signal at every
time point for which Spectre calculates a solution. Spectre saves the x-axis data only once,
since every signal has the same x value.

If conpr essi onisyes, Spectre writes data to the output file only if the signal value changes
by at least twice the convergence criteria. In order to save data for each signal independently,
x-axis information corresponding to each signal must be saved. If the signals stay at constant
values for large periods of the simulation time, setting conpr essi on to yes results in a
smaller output data file. If the signals in your circuit move around a lot, setting

conpr essi on=yes results in a larger output data file.
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SpectreRF Simulation Form Reference

The SpectreRF simulation forms include the Choosing Analysis form, the Options forms, and
the Results forms. The simulation forms change to display only the fields relevant for the
currently selected analysis.

The field description topics are presented in the following sections.

m “The Choosing Analyses Form” on page 117

m  “Field Descriptions for the Options Forms” on page 182

m  “Field Descriptions for the Plot Form” on page 199

m  “The ACPR Wizard” on page 219

Within each section, the form field descriptions are arranged alphabetically according to the
top-level headings on the forms. The top-level headings are usually found at the leftmost
margin of the form.

The Choosing Analyses Form

Use the Choosing Analyses form in the Analog Circuit Design Environment (the Simulation
window) to select and set up RF simulations.

Opening the Choosing Analysis Form

In the Simulation window, select the Analyses — Choose command to open the Choosing
Analysis form. Figure 2-1 on page 118 shows the Choosing Analysis form for the Envelope
Following analysis. The content of the Choosing Analyses form changes depending on the
analysis selected.

November 2004 117 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Simulation Form Reference

Figure 2-1 The Choosing Analyses Form

—

The Analysis section at the top of the Choosing Analyses form displays the available Spectre
analyses, including the spectreRF analyses (envl p. pss, pac, pnoi se, pxf, psp, gpss,
gpac, gpnoi se, gpxf and gpsp). When you highlight an analysis in this section, the form
changes to display the title of the analysis (directly below the analysis section), and below the
title, relevant parameters for the selected simulation.
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At the bottom of the form, highlight Enabled to select and run the analysis with the next
simulation. Click Options to display the Options form for the selected analysis. Each Options
form displays only the parameters relevant for that particular analysis.

The Spectre RF Analyses

The RF analyses are
m  The periodic large-signal pss, periodic steady state analysis
m  The periodic large-signal gpss, quasi-periodic steady state analysis

m  The periodic small-signal analyses: pac, psp, pnoi se, and pxf

m  The quasi-periodic small-signal analyses: gpac, qpsp, gpnoi se, and gpxf

m  The envelope following envl p analysis

When you highlight an analysis type, the Choosing Analysis form changes to allow you to
specify information for that simulation.

When your simulation requires that two analyses be run (for example, a pss large-signal
analysis followed by a pnoi se small-signal analysis), the Choosing Analysis form maintains
the simulation set-up data for the two simulations interactively. For example, when you
highlight pnoi se, the values displayed in the Choosing Analysis form will reflect the
information you entered for the pnoi se analysis. When you highlight pss, the values
displayed in the Choosing Analysis form will reflect the information you entered for the pss
analysis.

Run the periodic small-signal pac, psp, pnoi se and pxf analyses after a large-signal pss
analysis. Run the quasi-periodic small-signal gpac, gpsp, gpnoi se and gpxf analyses after
a large-signal qpss analysis.

Field Descriptions for the Choosing Analysis Form

The following sections describe all the fields found on the Choosing Analysis form. The
sections are arranged alphabetically, according to the top-level headings on the forms. The
top-level headings are usually found along the leftmost margin of the form. See “The RF
Simulation Forms Quick Reference” on page 226 for a brief description of the contents of
each form.
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Accuracy Defaults (errpreset) (PSS, QPSS, and Envlp)

Quickly adjusts the simulator parameters.

Accuracy Defaults (errpreset)
conservative moderate liberal

The err pr eset parameter quickly adjusts the simulator accuracy parameters to fit your
needs. In most cases, err pr eset should be the only parameter you need to adjust.

m  For a fast simulation with reasonable accuracy, seterrpreset tol i beral .
m  For greater accuracy, set err preset to noder at e.

] For maximum accuracy, set err preset toconservati ve.

The effect of er r pr eset on other parameters varies depending on the type of analysis to
which you are applying it. For details see

m  “The errpreset Parameter in PSS Analysis” on page 44

0  “Using the errpreset Parameter With Driven Circuits” on page 44

0 “Using the errpreset Parameter With Autonomous Circuits” on page 45

m  “The errpreset Parameter in QPSS Analysis” on page 84

m  “The errpreset Parameter in Envip Analysis” on page 116

Additional Time for Stabilization (tstab) (PSS and QPSS)

Specifies an amount of additional time to allow for the circuit to settle.

Additional Time for Stabilization (tstah)

Use t st ab if the circuit exhibits more than one periodic solution and you want only one. A
long t st ab can also improve convergence.
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Analysis
Selects the SpectreRF analysis type.

— Choosing Analyses — Virtuoso® Analog Desig

oK ‘ Cancel ‘ Defaults | Spply | Help
Analysis _ tran _dc _ac __noise
_uf _/sens _dcmatch | sth

_ipz _Isp @envip  pss
_pac _/pnoise _ pxf

_'psp _'gpss _gpac
_'gpnoise __gpxf _qpsp

The RF analyses are

m  The periodic large-signal pss analysis

m  The quais-periodic large-signal gpss analysis

m  The periodic small-signal analyses: pac, psp, pnoi se, and pxf

m  The quasi-periodic small-signal analyses: gpac, qpsp, gpnoi se, and gpxf

m  The Envelope Following analysis, envl p

When you highlight an analysis type, the Choosing Analysis form changes to allow you to
specify information for that simulation. Below the Analysis buttons, the analysis title changes
to the name of the analysis you select.

When your simulation requires that two analyses be run (for example, a pss analysis followed
by a pnoi se small-signal analysis), the Choosing Analysis form maintains the simulation set-
up data for both simulations. You can edit the date for both simulations interactively. For
example, when you highlight pnoi se, the values displayed in the pnoi se Choosing Analysis
form will reflect the information you entered for the pnoi se analysis.

Run the periodic small-signal analyses pac, psp, pnoi se, and pxf, after a large-signal pss
analysis. Run the quasi-periodic small-signal gpnoi se analysis after a qpss analysis.
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Beat Frequency, Beat Period, and Auto Calculate (PSS)

Determines whether the pss analysis uses beat frequency or beat period and supplies an
initial value.

# Beat Frequency

100M Auto Calculate W
Beat Period

m  Highlight either Beat Frequency or Beat Period.

The Beat Frequency (or Beat Period) field is initially empty.

m  Enter a Beat Frequency value in one of two ways

ad

Type a frequency value for which all the tone frequencies are integer multiples of the
value.

Click the Auto Calculate button to automatically calculate and enter a value into the
field.

The Beat Frequency field value is calculated based on the tones present in the
Fundamental Tones list box. It is the greatest common multiple of all the tone
frequencies that are not small signals.

s Enter a Beat Period value in one of two ways.

O

Type a period value for which all the tone frequencies are integer multiples of the
inverse of the value.

Click the Auto Calculate button to automatically calculate and enter a value into the
field.

The Beat Period field value is calculated based on the tones present in the
Fundamental Tones list box. The Beat Period field value is set to the inverse of the
frequency.

The Beat Frequency (or Period) value is displayed in a read-only field at the top of the
periodic small-signal analysis forms.
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Clock Name and Select Clock Name Button (Envip)

Identifies the clock signal for an Envelope Following Analysis.

Clock Hame I Select Clock Hame

Enter a clock signal name in the Clock Name field in one of two ways
m By typing the clock signal name in the Clock Name field
or

m By clicking the Select Clock Name button to display a list of clock signals

'_"_,? Select Clock Name

0K | Cancel Help

flo
frf

0  Click to highlight a clock signal from the list.

0 Click OK to select the signal and display it in the Clock Name field.

See “Stop Time (Envlp)” on page 169 for related information.
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Do Noise (PSP and QPSP)

Performs noise measurements during the psp or gpsp analysis.

Do Moise

B yes
ho Maximum Sideband

m  Highlight yes for Do Noise to compute noise figure, equivalent noise sources, and noise
parameters during the analysis.

m  To include relevant noise folding effects, specify a maximum sideband value in the
MaximumSideband field. A sideband array of the form

[-max. sideband . . . 0. . . + max. sideband]

is automatically generated.

Enabled

Includes the analysis in the next simulation.

Enabled H Options...

Highlight Enabled to perform the analysis in the next simulation. Enabled analyses are listed
in the Simulation window.

Click Options to display the Options Form for that analysis.

Frequency Sweep Range (Hz), Sweep Type, and Add Specific Points (All
Small-Signal Analyses)

Defines the analysis sweep range, sweep type, and any additional sweep points for a small-
signal analysis. The pac, pnoi se, pxf, and psp periodic small-signal analyses follow a pss
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large-signal analysis. The gpac, qpnoi se, gpxf, and gpsp quasi-periodic small-signal
analyses follow a qpss analysis.
Frequency Sweep Range (Hz)

Defines the bounds for the small-signal analysis. Choices are: Start-Stop, Center-Span,
and Single-Point.

Note: For a small-signal analyses following a swept pss or gpss analysis, Single-Point and
Freq is the only Frequency Sweep Range (Hz) option for the small-signal analyses.

When you make a selection from the Frequency Sweep Range (Hz) cyclical field, the form
fields change to let you specify appropriate data.

Start - Stop

Defines the beginning and ending points for the sweep.

Frequency Sweep Range(Hz)

Start- Stop Start |[ Stop

= Highlight Start-Stop.

The form changes to let you type the start and stop points.
m  Type the initial point for the sweep in the Start field.
m  Type the final point in the Stop field.

Center - Span

Defines the center point for the sweep and its span.

Frequency Sweep Range{Hz)

Center- Span Center|[ Span |
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m  Highlight Center-Span.
The form changes to let you type the center point and span.
m  Type the midpoint for the sweep in the Center field.

m  Type the span in the Stop field.

Single - Point and Freq

Defines the frequency range as a single point and prompts you for the point value.

Frequency Sweep Range (Hz)

Single- Point Frey I

= Highlight Single-Point.
The form changes to let you type the frequency.

m  Type the specific frequency for the small-signal analysis.
Single - Point and Freq Following Swept PSS or Swept QPSS Analysis

When the small-signal analyses follows a swept pss or qpss analysis, the only Frequency
Sweep Range (Hz) option for the small-signal analyses is Single-Point and Freq.

Frequency Sweep Range(Hz)

Single-Point []  Freq ||

Because the sweep section of the PSS analysis is active,
only a single point for this analysis is currently supported.
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In the Freq field, type the specific frequency for the small-signal analysis that follows each
pass of a pss or gpss sweep.

Sweep Type

Specifies whether the small-signal sweep is linear, logarithmic, or automatic.

Linear

Specifies a linear sweep.

sweep Type
* Lincor Step Size I
Logarthmic # Humber of Steps

= Highlight Linear.
The form changes to let you type either the step size or the total number of points (steps).
0 Highlight Step Size and type the size of each step in the field.
or

0  Highlight Number of Steps and type the number of steps in the field.

Logarithmic

Specifies a logarithmic sweep.

aweep Type
Linesy ¥ Points Per Decade 5
# Logarnthmic Humber of Steps '

m  Highlight Logarithmic.
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The form changes to let you type either the number of points per decade or the total
number of points (steps).

0  Highlight Points per Decade and type the number of points per decade in the field.
or

0  Highlight Number of Steps and type the number of steps in the field.

Automatic

Lets the simulator determine whether the Sweep Type is Linear or Logarithmic.

aweep Type
* Linear Step Size I
Logarithmic # Humber of Steps

= Highlight Automatic.
The Sweep Type is
0 Linear if the ratio of Start to Stop values is less than 10.

0 Logarithmic if the ratio of Start to Stop values is10 or higher.

Add Specific Points

Specifies additional sweep points for the small-signal analysis.

Add Specific Points B |

Highlight Add Specific Points and type the additional sweep point values into the field.
Separate them with spaces.
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Fundamental Tones (PSS and QPSYS)

The Fundamental Tones fields include the following list box, data entry fields, and data entry
buttons. In addition the pss analysis includes the related_Beat Frequency, Beat Period,
and Auto Calculate buttons.

Periodic Steady State Analysis

Fundamental Tones

# Name Expr Value S1igmal SrcId
1 fff 16 16 Large PORT3
2 frf 1G 16 Large

|fr11 |1|;f_ |1u Large |

Clearifdd | Delete Update From Schematic|

Fundamental Tones List Box

The Fundamental Tones list box displays information about every top-level tone in the circuit
that has both a non-zero frequency or period value, and a non-zero amplitude value
(absolute). All tones in the list box are arranged alphabetically by name.

For each tone entry, you can edit
m  The Signal level designation for QPSS analyses

m  The Harms (Harmonic Range) value for QPSS analysis
To edit values for a tone, highlight the tone in the list box then edit in the data entry fields.

For tones that are not at the top level of the schematic, you can manually create a tone entry
by typing the pertinent information in the data entry fields.

For non-small-signal tones, each tone name and its correlated frequency value are used in
the Select from range and Array of coefficients fields in the OQutput Harmonics and
Sidebands sections of the pss, pac, pnoi se, pxf, and gpnoi se small-signal analysis
forms.
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Fundamental Tones List Box Terms and Data Entry Fields

Name — Displays the name assigned to the tone. This tone name must be entered into
the pertinent Component Description Format (CDF) fields of each source in the
schematic with a tone. The current CDF name field prompts are “First frequency name”,
“Second frequency name”, “Frequency name”, and “Frequency name for 1/period”.

Expr — Displays the value or expression representing the frequency of a particular tone.
The expression can also be a user variable or it can contain user variables. If the
frequency for the tone is specified as a variable, the Expr field displays the name of the
variable. Otherwise, the field displays the numerical value of the frequency.

Value — Displays the evaluated value of the Expr field using the current values of the
user variables.

Signal — This cyclic field displays one of two values: Large or Moderate.

O For gpss analysis, you must select one Large tone. This is the only time you use
the Large specification. Specify Moderate for all additional tones you want to
include in the simulation.

0  For pss analysis, Moderate appears for all tones in the simulation.

Srcld — Displays the instance name of the source in the schematic where the tone is
declared.

Harms — Used only with gpss analysis.

0  Specifies the range of harmonics, which in turn determines the maximum number of
harmonics of the tone to be used during the simulation.

0 The Harms value must be 1 or higher for the tone to be included in the simulation.
The default value is 1.

0  Cannot deal with AHDL sources unless they are done with inlined Spectre sources.

Setting Up Tones for a QPSS Analysis

When you set up tones for a gpss analysis,

Designate one signal as the Large tone. Designate all other tones as Moderate.
Designate a non-zero harmonic range (Harms) value for each tone.

Note: Never set the harmonic range value to zero. Your simulation will not run properly
and you might get incorrect results.
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By choosing Large as the Signal value for a tone, you specify that tone to be the Large or
clock signal. Each gpss analysis must have one tone set to be the Large signal.

Select your Large signal to be the signal that
m  Causes the largest response in the circuit
m Is the least sinusoidal signal in the circuit

m  Causes the most nonlinearity in the circuit

Choose at least one harmonic for each signal that you want to include in a qpss analysis. A
signal with an harmonic range (Harms) value of 0 is ignored by the simulation. In general,
when selecting a Harms value:

m  Forthe Large signal, in most cases, set the Harms value to be equal to or greater than
5. An harmonic range of 5 gives 11 harmonics (-5, ..., 0, ... +5) for the Large tone.

/ Important

The Harms value you use for the Large signal varies with the circuit you are
analyzing. For example, for a down converting mixer, a Harms value of 1 is
sufficient. Entering a large Harms value for the large tone does not affect the
simulation run time.

m  For Moderate tones, set the Harms value to be approximately 2 or 3. The Harms value
you use varies with the circuit you are analyzing.

O  Setting the Harms value to 2 gives you up to the 3rd order intermodulation terms

0  Setting the Harms value to 3 gives you up to the 5th order intermodulation terms

/ Important

To obtain higher order intermodulation terms, you can increase the Harms value
accordingly. However, for Moderate tones, increasing the Harms value increases
the simulation run time.

For example, when you specify Harms values of 5 for the Large signal and 2 for the
Moderate signals, you get maxhar ns = [ 5, 2] which gives you 11 harmonics for the Large
tone and 5 harmonics (-2, -1, 0, 1, 2) for the Moderate tone. As a result, you get noise from
11 x 5 =55 frequency sidebands.

The Harms value you select depends on the degree of nonlinearity the signal causes. If the
signal is not nonlinear, then a Harms value of 1 is sufficient. For a moderate signal, a few
harmonics should be sufficient to accurately capture the nonlinearity. However, it is hard to
determine a priori what is sufficient. Generally, for a given Harms value, if increasing it does
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not significantly change the spectrum results, then the Harms value is high enough. In some
situations, you could use a Harms value as high as 9. For a high Harms value, the algorithm
still works, but not as efficiently.

Fundamental Tones Data Entry Buttons

m  Clear/Add — Clears the data entry fields for the purpose of manually adding a new tone
to the list box. This button also resets the list box so that no line is currently selected.

m Delete — Deletes a tone selected in the Fundamental Tones list box.

You cannot use the Delete button to delete tones that are specified in the schematic.
Such tones are deleted by setting the CDF frequency or period field value to zero or
blank and CDF amplitude value(s) to zero (absolute) or blank.

m  Update From Schematic — Updates the values in the Fundamental Tones list box
from the schematic.

/ Important

Before you can update from the schematic, you must have performed a Check and
Save on the design in the Schematic window.

Using the Fundamental Tones Data Entry Fields and Buttons

Use the data entry fields below the list box to edit the information in the Fundamental Tones
list box or to add new tones.

To specify a new tone,

1. Make sure there are no selected tones in the list box. If a there is a selected tone, click
the Clear/Add button.

2. Type a value in any of the data entry fields (typically starting with the Name field).

As you advance to a second data entry field, a new tone line is added to the list box and
is selected.

3. If required, select a value from the Signal cyclic field.
4. Continue editing each data entry field until all the pertinent information is complete.

5. The last value in the data entry fields is recorded in the list box when the next operation
is performed in the analysis form or when you click the Clear/Add button. (Other
operations that terminate the editing operation include moving the cursor off the
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Choosing Analysis form, clicking either the OK or Apply button, or changing a value in
a non-related field.)

To edit an existing tone,
1. First select the tone in the list box.
The tone data appears in the data entry fields where you can edit it.

2. Modify a value in any one of the data entry fields. Values you cannot edit in the data entry
fields (such as values specified in the schematic), are grayed out. Values originally
specified in the schematic must be edited in the schematic.

3. The last modified value in the data entry fields is recorded in the list box when the next
operation is performed in the analysis form or when you click the Clear/Add button.

Input Source and Reference Side-Band (Pnoise)
Identifies the noise generator and the reference sidebands to use for the pnoise simulation.

The Reference Side-Band field specifies which conversion gain to use when the SpectreRF
simulation computes the input-referred noise, noise factor, and noise figure.

The designated reference sidebands, as well as the sideband zero, are included in the pool
of sidebands used in noise calculations. For example, for the ne600 test schematic,

m Ifrefsideband=-1 and si debands=[ - 2], then pnoi se computes contributions
from sidebands -2, -1, and O.

m Ifrefsi deband=-2andsi debands=[ - 2] , then Spectre computes contributions from
sidebands -2 and 0.

See "Sidebands (PAC, Pnoise, and PXF)” on page 159 for information on selecting
sidebands.

The output total noise is different for the two simulation setups. The input-referred noise,
noise factor, and noise figure are also different. Pnoi se analysis internally includes the
refsideband as a contribution to the total noise. This inclusion is not reflected in the netlist.

Input Source

Choices for Input Source are: voltage, current, port, or none.
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Voltage

Input Source

voltage nput Voltage Source I Select

m  Select voltage from the Input Source cyclic field.

m  Either type the name of the noise voltage generator in the Input Voltage Source field
or click on Select and then click on the generator in the schematic.

m  For Reference Side-Band, type an integer value in the field.
0 O for amplifiers and filters
0 - Kfor down converters
0  +Kfor up converters

where K is the mixing harmonic.

Current

Input Source

cutrent Input Current 3ource [ select

m  Select current from the Input Source cyclic field.

m  Either type the name of a noise current generator in the Input Current Source field or
click on Select and then click on the generator in the schematic.

m  For Reference Side-Band, type an integer value in the field.
0 O for amplifiers and filters
0 - Kfor down converters
0  +Kfor up converters

where K is the mixing harmonic.
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Port

Input Source

port Input Port Source [ Select

m  Select port from the Input Source cyclic field.

m  Either type the name of a portin the Input Port Source field or click on Select and then
click on the port in the schematic.

m  For Reference Side-Band, type an integer value in the field.
0 0 for amplifiers and filters
0 - Kfor down converters
0  +Kfor up converters
where K is the mixing harmonic.

When you select port, the analysis computes the noise voltage across the port and
subtracts the contribution of this port in noise figure calculations.

None

Input Source

none |

0O Select none from the Input Source cyclic field.

When you select none, there are certain calculations you cannot perform. For example, input
referred noise.

Reference Side-Band

Reference Side-Band specifies which conversion gain to use when the SpectreRF simulation
computes the input-referred noise, noise factor, and noise figure.
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Choices are Enter in field or Select from list.

Enter in Field

m  Select Enter in field from the Reference side-band cyclic field.
= Type an integer value in the field.

0 0 for amplifiers and filters

O - Kfor down converters

0 +Kfor up converters

where K is the mixing harmonic.

Select From List

Lets you first enter a frequency range and then select sidebands from within this range of
sideband values.
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Depending on the selection in the Sweeptype cyclic field, both the values in the list box and
the values you specify are either absolute values or they are relative to the fundamental.

To specify the listed sidebands:

m  First, in the From (Hz) and To (Hz) type-in fields, type the lower and upper values for
the frequency range. The sideband frequencies displayed in the list box are within this
range of frequencies.

m  Then, from the Max. Order cyclic field select the maximum order of harmonics that
contribute to the sidebands. If, for example, you select 3 as the Max. Order value, the
sum of the absolute values of the tone coefficients contributing to the sidebands in the
list box must be less than or equal to three.

In the list box, the first column is the index of a sideband, the second and third columns list
the frequency range of the sideband. The remaining columns list tone coefficients for each
fundamental tone that contributed to the listed sideband.

To select from the listed sidebands:

Input Source and Reference Side-Band (QPnoise)

Identifies the noise generator and the reference sidebands vector for the gpnoise simulation.
Choices for Input Source are: voltage, current, port, or none.

The Reference Side-Band field specifies which conversion gain to use when the SpectreRF
simulation computes the input-referred noise, noise factor, and noise figure.

/ Important

For gpnoise analysis, the Reference Side-Band field value is a vector. For
example, 1 0 O.

Voltage

Input Source

voltage Input Yoltage Source | Select|

m  Select voltage from the Input Source cyclic field.
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m  Either type the name of the noise voltage generator in the Input Voltage Source field
or click on Select and then click on the generator in the schematic.

Current

m  Select current from the Input Source cyclic field.

m  Either type the name of a noise current generator in the Input Current Source field or
click on Select and then click on the generator in the schematic.

Port

m  Select port from the Input Source cyclic field.

m  Either type the name of a portin the Input Port Source field or click on Select and then
click on the port in the schematic.

None

0 Select none from the Input Source cyclic field.

When you select none, there are certain calculations you cannot perform. For example, input
referred noise. Reference Side-Band is not available when you select none for Input
Source.
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Reference Side-Band

Reference Side-Band specifies which conversion gain to use when the SpectreRF
simulation computes the input-referred noise, noise factor, and noise figure. Reference
Side-Band is available with all Input Source choices except none.

/ Important

For gpnoi se analysis, the Reference Side-Band field value is a vector. For
example,1 0 O.

Choices are Enter in field or Select from list.

Enter in Field

Reference side-hand
Enterin field II

Select Enter in field from the Reference side-band cyclic field and type a vector value into
the field.

= When the input and output are at the same frequency, use the zero vector
[00 ...]

= When you do not use the zero vector, the single sideband noise figure is computed.
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Select From List

Lets you first enter a frequency range and then select sidebands from within this range of
sideband values.

Reference side-hand
Select from list From (Hz) O Max. Order
To (Hz) |1lelZ 1

Index Frequencles flo irf
0 Nan Nan 0 0 =

-9 Nan Nan 0 1

9 Nan Nan 0 1

-10 Nan Nan 1 0

Depending on the selection in the Sweeptype cyclic field, both the values in the list box and
the values you specify are either absolute values or they are relative to the fundamental.

To specify the listed sidebands:

m  First, in the From (Hz) and To (Hz) type-in fields, type the lower and upper values for
the frequency range. The sideband frequencies displayed in the list box are within this
range of frequencies.

m  Then, from the Max. Order cyclic field select the maximum order of harmonics that
contribute to the sidebands. If, for example, you select 3 as the Max. Order value, the
sum of the absolute values of the tone coefficients contributing to the sidebands in the
list box must be less than or equal to three.

In the list box, the first column is the index of a sideband, the second and third columns list
the frequency range of the sideband. The remaining columns list tone coefficients for each
fundamental tone that contributed to the listed sideband.

To select from the listed sidebands:

Click on a sideband in the list box to select it. Select adjacent sidebands by clicking and
dragging with the mouse over the sidebands to select. Select sidebands that are not adjacent
by holding the Control key down while you click on the individual sidebands. (Deselect a
sideband by clicking on a selected sideband while you hold the Control key down.)
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Modulated Analysis (PXF)

Measures AM and PM small signal effects for the pac and pxf analyses. When you highlight
Modulated Analysis, the form changes to let you enter more information.

The Modulated Analysis fields for the pac analysis include the following.

Modulated Analysis for PXF Terms and Data Entry Fields
s Output Type — This cyclic field displays one of two values: SSB and SSB/AM/PM.
=  Input Modulated Harmonic List — Lists the harmonic indexes.

m Input Upper Sideband — (Displays when you choose the Output Type SSB.) Click
Choose to display the Choose Harmonic Pop Up.

s Output Modulated Harmonic — (Displays when you choose the Output Type SSB/
AM/PM.) Click Choose to display the Choose Harmonic Pop Up.
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Choose Harmonic Pop Up

Selects harmonics or sidebands for the analysis. Display the Choose Harmonics Pop Up from
Modulated Analysis with the Choose button.
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or

— Choose Harmonic
0K | Cant:el‘ Apply ‘ Help

From (Hz}|l1 To (Hz) | 56.

|[:huuse futput Tpper Sideband

From{Hz}) / [To{Hz) Sideband —
100 400 -1 J
600M 1c -2

411.66 26 -3

Choose Output Modulated Harmonic List Box and Data Entry Fields

The Choose Output Modulated Harmonic list box displays the harmonic indexes and
associated frequency ranges to select from. Changing the values in the From (Hz) and
To(Hz) fields, changes the harmonic indexes and frequency ranges displayed in the list box.

m From (Hz) and To(Hz) fields - The upper and lower bounds for the frequency range.

m  Harm - Displays the harmonic index, the integer which is multiplied by the fundamental
to calculate the harmonic frequency.

For PSS analysis of portl named RF with an harmonic index of 1, given the PSS
fundamental of 900 MHz, portl is analyzed from 901 MHz to 1000 MHz. For QPSP
analysis, the computation is more complicated because there are more fundamentals
and the harmonic specification is a vector of indexes.

m  From (Hz) - The lower bound for the frequency range associated with the harmonic.

m  To(Hz) - The upper bound for the frequency range associated with the harmonic.
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Choose Input Upper Sideband List Box and Data Entry Fields

The Choose Input Upper Sideband list box displays the harmonic indexes and associated
frequency ranges to select from. Changing the values in the From (Hz) and To(Hz) fields,
changes the harmonic indexes and frequency ranges displayed in the list box.

m  From (Hz) and To(Hz) fields - The upper and lower bounds for the frequency range.

m Sideband — Displays the sidebands, the integers which are the periodic small-signal
output frequencies of interest.

m  From (Hz) - The lower bound for the frequency range associated with the sideband.

m  To(Hz) - The upper bound for the frequency range associated with the sideband.

Noise Type (Pnoise)

Specifies the type of noise to compute. Choices are: jitter, modulated, sources and
timedomain.

Jitter (for a driven circuit)

Measures PM |itter at the output for a driven circuit.

m  Selectjitter from the NSignal

m Inthe Threshold Value field, type the value where PM jitter will be measured when the
signal crosses this value.

m  From the Crossing Direction cyclic field, select the transition where jitter will be meas
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Jitter (for an autonomous circuit)

Measures FM jitter at the output for an autonomous circuit.

Modulated
m  Select modulated from the Noise Type cyclic field.

The following message displays:
When Noi se Type is “nodul ated,“ Sweeptype nust be “relative.”

m  Choose Close to dismiss the message box and select relative for Sweeptype. See
“Sweeptype (Pnoise)” on page 175 for more information.

Separates noise into AM and PM components. It also calculates USB and LSB noise.
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Sources

0 Select sources from the Noise Type cyclic field.

When you select sources, the simulation computes the total time-average noise at an output
over a given frequency range. It computes the contribution of each noise source to the total
noise at each frequency.

Timedomain

m  Select timedomain from the Noise Type cyclic field.
m  Type the noise skip count in the Noise Skip Count field.

= Optionally, highlight Number of Points and type the number of points in the Number of
points field.

= Optionally, highlight Add Specific Points and type one or more points .
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Computes the time-varying instantaneous noise power in a circuit with periodically driven
components.

Options
Opens the Options form.

Enabled W Options...

Click the Options button to open the Options form for the highlighted analysis.

See Options Form for information on the Options forms.

Oscillator (PSS)

Specifies that the circuit is an oscillator. When you highlight Oscillator, the form changes to
let you enter the Oscillator node and the Reference node. You can either type the
appropriate node names or click on the appropriate Select and then click on the node in the
schematic. If you leave the Reference node field empty, it defaults to gnd.

Oscillalor W o cilator node || Salect

Reference node |: Select

Output (PXF and QPXF)

Specifies the output transfer function for the pxf and gpxf analyses. Choices are voltage or
probe.
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Voltage

In pxf analysis, the voltage across the two nodes that you specify is the output for each
transfer function.

Culpul
Positive Output Node Solect

* voliage
nrobe Megative Output Node | Select

Highlight Voltage and the form changes to let you specify a Positive Output Node and a
Negative Output Node. You can specify this value either by typing the node name into the
Positive Output Node or Negative Output Node field, or by clicking on the adjacent
Select button and then clicking on the node in the schematic. If you leave the Negative
Output Node field empty, it defaults to gnd.

Probe

In pxf analysis, the current through the point that you select is the output of each transfer
function.

Cutput

vOtage  ouiput Probe Instance | Select
# prohe

Highlight Probe and the form changes to let you specify an output voltage source. You can
specify this value either by typing it into the Output Probe Instance field or by clicking the
adjacent Select button and then clicking on the node in the schematic.

Output (Pnoise and QPnoise)

The Output cyclic field lets you specify the output for the pnoi se and gpnoi se analyses.
Choices are voltage or probe.
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Voltage

The pnoi se or gpnoi se analysis computes the noise voltage across the two nodes.

Cutput

Positive Output Hode [ Select

voltage .
Megative Output Hode select

Select Voltage and the form changes to let you specify a Positive Output Node and a
Negative Output Node. You can specify the nodes either by typing into the type-in field or
by clicking on the adjacent Select button and then clicking on the appropriate node in the
schematic. If you leave the Negative Output Node field empty, it defaults to gnd.

Probe

The pnoi se or gpnoi se analysis computes the noise voltage across the port. The noise
contribution of the port is subtracted during the noise figure calculation.

Output

probe Output Probe Instance || Select

Select Probe and the form changes to let you specify the Output Probe Instance. You can
specify the node either by typing into the type-in field or by clicking on the adjacent Select
button and then clicking on the appropriate node in the schematic.

Output Harmonics (PSS and Envlp)

Lets you select output harmonics. When you select from the Output Harmonics cyclic field,
the form changes to let you specify appropriate data.

For pss analysis, choices are: Number of Harmonics, Select from Range, Array of
Coefficients, Array of Indices.
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For Envlp analysis, choices are: Number of Harmonics, and Array of Indices.

You can use the separate choices in the Output Harmonics cyclic field in combination. For
example, if you add a harmonic using Array of Coefficients, the value you add appears in
the Select from Range list box and as a currently active index field for the Array of Indices.

Number of Harmonics (PSS and Envlp)

Specifies a single value for the number of output harmonics.

Output hanmonics

Mumber of hannonics I

Select Number of Harmonics and the form changes to let you specify a single integer value.
in the Number of harmonics field. Harmonics in this field are referred to the value of the
fundamental. Type O into the Number of harmonics field to specify no harmonics.
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Select from Range (PSS)

Lets you first enter a frequency range and then select harmonics from within this range.

Output hanmonics From (Hz)| @ Max. Order
Select from range | To (Hz) 1leld 1 |

Index Frequency flo fri

0 0 0 0
9 900 0 1
10 1G 1 0

Select Select from Range and the form changes to display a cyclic field and two data entry
fields.

First, in the From (Hz) and To (Hz) fields, type the lower and upper values for the
frequency range.

Second, from the Max. Order cyclic field, select the maximum order of harmonics that
contribute to the output harmonics.

The form changes to display harmonics matching these specifications in the list box.The
first column is the index of a harmonic, the second column specifies its frequency, and
the remaining columns specify tone coefficients for each fundamental tone that
contributed to the listed harmonic.

If, for example, you select 5 in the Max. Order cyclic field, the sum of the absolute values
of the tone coefficients contributing to the listed output harmonics is less than or equal
to five. Negative integers displayed in the list box represent the tone coefficients of
harmonics below the fundamental and positive integers represent the tone coefficients
of harmonics above the fundamental.

Click on a harmonic in the list box to select it. Select adjacent harmonics by clicking and
dragging with the mouse over the harmonics to select. Select harmonics that are not
adjacent by holding the Control key down while you click on the individual harmonics.
(Deselect a harmonic by holding the Control key down and clicking on it.)
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Array of Coefficients (PSS)

Lets you specify output harmonics by entering their tone coefficients.

Select Array of Coefficients and the form changes to display a data entry field.

m  Type tone coefficients separated by spaces in the Tone Coefficients field and click on
Clear/Add.

Values that appear in the list box are absolute values or relative to the fundamental,
depending on the selection in the Sweeptype cyclic field.

m  To delete a harmonic, select it in the list box and click on Delete.
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Array of Indices (PSS and Envlp)

Lets you specify an array of harmonics by entering their indices.

Cutput hanmonics
Amray of indices
LRYERIEEY BODVE BREDRR

-

HAdditional indices

Select Array of Indices and the form changes to display a data entry field. Any currently
selected indices appear in the Currently active indices field.

Type the additional harmonic indices separated by spaces and in any order in the Additional
Indices type-in field.

PSS Beat Frequency (PAC, Pnoise, and PXF)

Displays the Beat Frequency for the initial PSS analysis.

Fernodic AL Analysis

FHT Bal frggummey fery | 100N

This is a display-only field. You cannot edit this information here.
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Save Initial Transient Results (PSS and QPSS)

Saves the initial transient waveforms.

. -
save Initial Transient Results (saveinit) [ no _| yes \

Highlight yes to save the initial transient waveforms.The default is no.

Select Ports (PSP and QPSP)

Specifies the active ports for psp and gpsp analyses.

The Select Ports fields include the following list box, data entry fields, and data entry
buttons.

Select Ports List Box

The Select Ports list box displays information about all selected ports. Ports in the list box
are arranged numerically by the port numbers (Port#) that you assign.
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Select Ports List Box Terms and Data Entry Fields

The list box displays the ports that have already been specified for PSP or QPSP analysis.
Enter data for new ports using the data entry fields and buttons below the list box. You can
enter new ports or edit values for existing ports. Notice that the frequency field is grayed out
and you cannot edit frequency values.

Port# — Displays the port number assigned to the port. In the list box, ports are
numbered sequentially.

Name — Displays the name of the port in the schematic. Use the Select Port button to
select a port from the schematic.The name of the selected port in the schematic displays
in the editable field.

Harm. — Displays the harmonic index, the integer which is multiplied by the fundamental
to calculate the harmonic frequency. Use the Choose Harmonic button to display a list
of harmonics and frequencies to select from. The selected harmonic index displays in
the editable field. The associated frequency range also displays.

For PSS analysis of portl named RF with an harmonic index of 1, given the PSS
fundamental of 900 MHz, portl is analyzed from 901 MHz to 1000 MHz. For QPSP
analysis, the computation is more complicated because there are more fundamentals
and the harmonic specification is a vector of indexes.

Frequency — Displays a range of frequency values associated with each harmonic
index. Use the Choose Harmonic button to display a list of harmonics and frequencies
to select from. The frequency range associated with the selected harmonic index value
displays in the field. Notice that the Frequency field is grayed out and you cannot edit
frequency range values.

Select Ports Data Entry Buttons

Select Port — Prompts you to select a port from the schematic. Displays the port’s name
from the schematic in the editable field.

Choose Harmonic — Opens the Choose Harmonic Pop UP where you can select a
harmonic for the port.

Add — Adds a port to the list box using the information in the data entry fields.

Change — Adds a modified port to the list box using the modified information in the data
entry fields. Highlight a port in the list box to move it's information to the data entry fields.

Delete — Deletes a highlighted port from the list box.
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Choose Harmonic Pop Up

Selects a harmonic for a port. Open the Choose Harmonic Pop UP from Select Ports.

— Choose Harmonic

oK | Canc:el| Apply | Help

From (Hz) | q To (Hz) 56

select Hanmonic
Harm{s). Fregquency

-8 FJO0M - B20M
8 F80M - 830M

-9 870M - 920M

o 9 880M - 930M 7

L L]

Choose Harmonic List Box and Data Entry Fields

The Select Harmonic list box displays the harmonic indexes and associated frequency
ranges to select from for the ports that have already been specified for PSP or QPSP
analysis. Changing the values in the From (Hz), To(Hz) and Max. Order fields, changes the
harmonic indexes and frequency ranges displayed in the Select Harmonic list box.

m  From (Hz) and To(Hz) fields - The upper and lower bounds for the frequency range.

s Max. Order - For QPSP analysis only. Displays the maximum order of harmonics that
contribute to the harmonics.

m  Harm(s). — Displays the harmonic index, the integer which is multiplied by the
fundamental to calculate the harmonic frequency.

For PSS analysis of portl named RF with an harmonic index of 1, given the PSS
fundamental of 900 MHz, portl is analyzed from 901 MHz to 1000 MHz. For QPSP
analysis, the computation is more complicated because there are more fundamentals
and the harmonic specification is a vector of indexes.
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Us

Frequency — Displays a range of frequency values associated with each harmonic
index.

ing the Select Ports Data Entry Fields and Buttons

Use the data entry fields below the list box to edit the information in the Select Ports list box

or

To

1.

to add new ports.

specify a new port,

Type an integer in the first field, the Port# field. It is directly above the Select Port
button.

. Click Select Port and follow the prompt at the bottom of the Schematic window.

Sel ect source..

In the Schematic window, click on an appropriate port, for example / r f .
/ r f appears in the Name field.
Click Choose Harmonic.

The Choose Harmonic form displays with a list of harmonics (by index and frequency)
for the rf port.

— Choose Harmonic

oK | Canc:el| Apply | Help

From (Hz]|l1 To (Hz) 5€

select Hanmonic
Harm{s). Fregquency

-8 FIOM - 820M
8 F780M - 830M

-9 870M - 920M

9 880M - 930M 7

L L]

5. In the Choose Harmonic form, scroll through the list and highlight a harmonic to select

it, for example - 9.
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6. Click OK.

The Choose Harmonic form closes. In the Select Ports area of the Choosing Analyses
form, - 9 displays in the Harm. field.

7. In the Select Ports area, click Add.

Information for the input port displays in the Select Ports list box.

To edit an existing port,
1. Highlight the port in the list box.
The port data appears in the data entry fields where you can edit it.

2. Modify a value in any one of the data entry fields. Values you cannot edit in the data entry
fields (such as frequency range values), are grayed out.

3. Click Change.
The modified port data replaces the port in the list box.
To delete an existing port,
1. Highlight the port in the list box.
The port data appears in the data entry fields.
2. Click Delete.

The port is removed from the list box.
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To use all ports in the schematic,

Select Ports |

Al of the ports in the schematic will be used.
Please specify the harmonics for these ports helowy.
The PSP direct plot does not currently support this option.

Port Hanmonics II

m Deselect Select Ports.

m Inthe Port Harmonics field, type the harmonics for these ports separated by spaces.
(psp direct plot does not currently support this option.)

Sidebands (PAC, Pnoise, and PXF)

Lets you select the set of periodic small-signal output frequencies of interest. When you
select from the Sidebands cyclic field, the form changes to let you specify appropriate data.

Choices are: Maximum sideband, Select from Range, Array of Coefficients, Array of
Indices.

You can use the choices in the Sidebands cyclic field in combination. For example, if you add
a sideband using Array of Coefficients, the sideband value you added appears in the
Select from Range list box and as a Currently active index for the Array of Indices.
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Maximum sideband

Specifies the number of frequency conversion terms (values of k) to take into account.

Sidehands

Maximum sideband

Prompts you for a Maximum sideband value and automatically generates a sideband array
of the form:

[ -maxi mum sideband . . . 0 . . . +maxi mum si deband]

Begin by setting Maximum sideband to 7, the default value. Then increase the Maximum
sideband value while observing the effect on output noise. If output noise changes, there is
significant frequency conversion for values of k greater than 7. Continue to increase the
Maximum sideband value until the output noise stops changing.

/ Important

When you set Maximum sideband to zero, the reported output noise will include
no frequency conversion terms. For a fundamental oscillator, Maximum sideband
must be at least 1 to see flicker noise upconversion. In general, small values for
Maximum sideband are not recommended.
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Select from range

Lets you first enter a frequency range and then select sidebands from within this range of
sideband values.

Sidebanids From {Hz) i} Mazx. Order
Select from range To (Hz) | lelf 1

Index Frequency flo frt
o Nan 0 0
-9 Han 0 1
9 Nan 0 1
-10 MNan 1 ]
10 Han 1 o

Depending on the selection in the Sweeptype cyclic field, both the values in the list box and
the values you specify are either absolute values or they are relative to the fundamental.

To specify the listed sidebands:

m  First, in the From (Hz) and To (Hz) type-in fields, type the lower and upper values for
the frequency range. The sideband frequencies displayed in the list box are within this
range of frequencies.

m  Then, from the Max. Order cyclic field select the maximum order of harmonics that
contribute to the sidebands. If, for example, you select 3 as the Max. Order value, the
sum of the absolute values of the tone coefficients contributing to the sidebands in the
list box must be less than or equal to three.

In the list box, the first column is the index of a sideband, the second and third columns list
the frequency range of the sideband. The remaining columns list tone coefficients for each
fundamental tone that contributed to the listed sideband.

To select from the listed sidebands:

Click on a sideband in the list box to select it. Select adjacent sidebands by clicking and
dragging with the mouse over the sidebands to select. Select sidebands that are not adjacent
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by holding the Control key down while you click on the individual sidebands. (Deselect a
sideband by clicking on a selected sideband while you hold the Control key down.)

Array of Coefficients

Lets you specify sidebands by typing their tone coefficients.

Sidebands
frray of coefficients

Index Frequency flo fri

Tone i

upper Coefficients Clearifuld,  Delete

Lets you specify sidebands by typing tone coefficients, separated by spaces, in the Tone
Coefficients type-in field. Click Clear/Add to add the tone coefficient to the list box.

Values that appear in the list box are absolute values or are relative to the fundamental,
depending on the selection in the Sweeptype cyclic field.

Place the specified sideband above or below the fundamental using the upper cyclic field.

To delete a sideband, select it in the list box and click on Delete.
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Array of Indices

Lets you specify an array of sidebands by entering their indices.

Sidebands
Array of indices

Carvenily aclve blosg

Additional indices  |[

Lets you specify an array of sidebands by typing their indices in the Additional Indices field.
When you select this choice, currently selected indices appear in the Currently active
indices field. You type the additional sideband indices you want in any order and separate
these indices with spaces.

Sidebands (QPAC, QPnoise, and QPXF)

Lets you select the set of quasi-periodic small-signal output frequencies of interest for the
gpac, gpnoi se, or gpxf analysis.

/ Important

For the quasi-periodic analyses, sidebands are vectors specified with the si devec
and cl ockmaxhar mparameters.

When you select from the Sidebands cyclic field, the form changes to let you specify
appropriate data. Choices are: Maximum clock order, Select from Range, and Array of
Coefficients.

You can use the choices in the Sidebands cyclic field in combination. For example, if you add
a sideband using Array of Coefficients, the sideband value you added appears in the
Select from Range list box.
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Maximum clock order

Specifies the largest sideband value and generates the sideband array.

Sidehands

Mazimum clock order I

Prompts you for a maximum sideband value and automatically generates a sideband array of
the form:

[-max. sideband . . . 0. . . + nmax. sideband]

Select from range

Lets you first enter a frequency range and then select sidebands from within this range of
sideband values.

Sidebands From {Hz}l i | Clock Order

Select from range To (Hz) 1e1Z 1

side Frequency flo fri

n Nan 0 1]

Depending on the selection in the Sweeptype cyclic field, both the values in the list box and
the values you specify are either absolute values or they are relative to the fundamental.

To specify the listed sidebands:
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m  First, in the From (Hz) and To (Hz) type-in fields, type the lower and upper values for
the frequency range. The sideband frequencies displayed in the list box are within this
range of frequencies.

= Then, from the Max. Order cyclic field select the maximum order of harmonics that
contribute to the sidebands. If, for example, you select 3 as the Max. Order value, the
sum of the absolute values of the tone coefficients contributing to the sidebands in the
list box must be less than or equal to three.

In the list box, the first column is the index of a sideband, the second and third columns list
the frequency range of the sideband. The remaining columns list tone coefficients for each
fundamental tone that contributed to the listed sideband.

To select from the listed sidebands:

Click on a sideband in the list box to select it. Select adjacent sidebands by clicking and
dragging with the mouse over the sidebands to select. Select sidebands that are not adjacent
by holding the Control key down while you click on the individual sidebands. (Deselect a
sideband by clicking on a selected sideband while you hold the Control key down.)

Array of Coefficients

Lets you specify sidebands by typing their tone coefficients.

Sidebands
Array of coefficients

s1lde Frequency flo fri

Tone T
Coafficients F Clearffdd Delete

Lets you specify sidebands by typing tone coefficients, separated by spaces, in the Tone
Coefficients type-in field. Click Clear/Add to add the tone coefficient to the list box.
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Values that appear in the list box are absolute values or are relative to the fundamental,
depending on the selection in the Sweeptype cyclic field.

Place the specified sideband above or below the fundamental using the upper cyclic field.

To delete a sideband, select it in the list box and click on Delete.

Specialized Analyses (PAC)

Measures AM and PM small signal effects for the pac analysis. When you select Modulated
in the Specialized Analyses cyclic field, the form changes to let you enter more information.

The Specialized Analysis fields for the Modulated pac analysis include the following.

apecialized Analyses
Modulated

Input Type 338 — |

Output Modulated Harnmonic List |1 Choose

Output Upper Sideband |lI Choose |

Enabled | Options...

Modulated Analysis for PAC Terms and Data Entry Fields
= Input Type — This cyclic field displays one of two values: SSB and SSB/AM/PM.
s Output Modulated Harmonic List — Lists the harmonic indexes.

s Output Upper Sideband — (Displays when you choose the Input Type SSB.) Click
Choose to display the Choose Harmonic Pop Up.

= Input Modulated Harmonic — (Displays when you choose the Input Type SSB/AM/
PM.) Click Choose to display the Choose Harmonic Pop Up.
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Choose Harmonic Pop Up

Selects harmonics or sidebands for the analysis. Display the Choose Harmonics Pop Up from
Modulated Analysis with the Choose button.
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Choose Input/Output Modulated Harmonic List Box and Data Entry Fields

The Choose Input (or Output) Modulated Harmonic list box displays the harmonic
indexes and associated frequency ranges to select from. Changing the values in the From
(Hz) and To(Hz) fields, changes the harmonic indexes and frequency ranges displayed in
the list box.

m  From (Hz) and To (Hz) fields - The upper and lower bounds for the frequency range.

m  Harm - Displays the harmonic index, the integer which is multiplied by the fundamental
to calculate the harmonic frequency.

For PSS analysis of portl named RF with an harmonic index of 1, given the PSS
fundamental of 900 MHz, portl is analyzed from 901 MHz to 1000 MHz. For QPSP
analysis, the computation is more complicated because there are more fundamentals
and the harmonic specification is a vector of indexes.

s From (Hz) - The lower bound for the frequency range.

m  To(Hz) - The upper bound for the frequency range.

Measures AM and PM small signal effects for pac and pxf analyses. When you highlight
Modulated Analysis, the form changes to let you enter more information.

Start ACPR Wizard (Envlip)

Opens the ACPR Wizard form. The ACPR Wizard helps you through the complex process of
measuring ACPR (Adjacent Channel Power Ratio) and PSD (Power Spectral Density).

start ACPR Wizard

See“The ACPR Wizard” on page 219 for related information.

You can also open the ACPR Wizard from the Simulation window by choosing Tools — RF —
Wizards — ACPR.
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Stop Time (Envlp)

Specifies the end point in an Envelope Following Analysis.

stop Time

Type a time value in the Stop Time field. Make the time interval long enough to let slow
signals complete at least one cycle. See “Clock Name and Select Clock Name Button (Envip)”
on page 123 for related information.

Sweep (PSS and QPSS)

Specifies how a sweep is performed. Choices are: Variable, Temperature, Component
Param, and Model Param.

/ Important

When you activate Sweep on the pss or qpss analysis form, the Frequency
Sweep Range on the small-signal analysis forms is restricted to a single point.

Variable

Sweeps a design variable.

Sweep H Frequency Yariable T 4 no YES

Yanable Variable Name |]

aelect Design Yanable

Select Variable from the cyclic field and the form changes to accept data for the variable
sweep.
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m  To select the variable to sweep, click Select Design Variable to display the Select
Design Variable form.

r"_,? Select Design Variable

OK | Cancel Help

flo
frf

O Inthe Select Design Variable form, select a variable and click OK.

The variable name appears in the Variable Name field. (You can also simply type
the name in the Variable Name field.)

m If the selected variable is a frequency variable, highlight yes for Frequency Variable.

Temperature

Collects temperature data during the sweep.

aveep H

Temperature

November 2004 170 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Simulation Form Reference

Component Param

Sweeps a component parameter.

Ch rkr .
Sweep Component Name |[

[ it Pa ;
SHLTE select Component

Parameter Hame

Select Component Param and the form changes to accept data for the component
parameter sweep.

m  To select the component, click Select Component and click on the component in the
schematic.

After you click on the component, the Select Component Parameter form appears.

r"_,? Select Component Parameter -
0K | Cancel Help
r r "Resistance"
iLhy iLhy "Port mumber"
dc vdc "DC voltage"
type srcType "Source type"
delay td " Delay time"
vall vall " Zero value"
-

0  You select a parameter in this form and then click OK.

Both the component and parameter names appear in their respective fields. (You
can also simply type the component and parameter names in their respective fields.)
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m  Model Param

Sweeps a model parameter.

sweep [E

Model Name I

kModel Param.

Parameter Hame

Select Model Param and the form changes to accept data for the model parameter sweep.

You type the model name and the parameter name in their respective type-in fields.

Sweep Range, Sweep Type, and Add Specific Points (PSS and QPSS)

Defines the analysis sweep range, the type of sweep, and any additional individual sweep
points for the large-signal pss analysis or the medium-signal qpss analysis that precedes a
small-signal analysis

When you highlight Sweep, the Sweep Range, Sweep Type, and Add Specific Points
fields open below the Sweep fields.
Sweep Range

Specifies the bounds for the sweep either as beginning and ending points or as a center point
and a span.
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Start — Stop

Defines the beginning and ending points for the sweep.

Sweop Range

* 3larl- 3lop
Center- 3pan

Start | Stop

=  Highlight Start-Stop.

The form changes to let you type the start and stop points.
m  Type the initial point for the sweep in the Start field.
m  Type the final point in the Stop field.

The Start and Stop sweep values can be frequencies, periods, or design variable values
that correspond to your selection in the Sweep cyclic field.

Center — Span

Defines the center point for the sweep and its span.

oweep Range

Start - Stop
¥ Cenler- Span

Center || Span

= Highlight Center-Span.
The form changes to let you type the center point and span.
m  Type the midpoint for the sweep in the Center field.

m  Type the span in the Stop field.
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Sweep Type

Specifies whether the sweep is linear or logarithmic.

Linear

Specifies a linear sweep.

sweep Type
¥ Linear Step Size I
Logarthmic # Humber of Steps

= Highlight Linear.
The form changes to let you type either the step size or the total number of points (steps).
0  Highlight Step Size and type the size of each step in the field.
or

0 Highlight Number of Steps and type the number of steps in the field.

Logarithmic

Specifies a logarithmic sweep.

sweep Type
Linear + Poinis Per Decade 7
# Logarithmic Humber of Steps '

m  Highlight Logarithmic.

The form changes to let you type either the number of points per decade or the total
number of points (steps).

0 Highlight Points per Decade and type the number of points per decade in the field.
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or

0  Highlight Number of Steps and type the number of steps in the field.

Add Specific Points

Specifies additional sweep points for the analysis.

Add Specific Points B )L

Highlight Add Specific Points, and type the additional sweep point values into the field.
Separate them with spaces.

Sweeptype (Pnoise)

Controls the inclusion of the sweeptype parameter in the Spectre netlist. Choices are:
absolute, relative, and blank, with blank selecting the appropriate Spectre default.

The results vary depending on whether you are simulating an autonomous circuit (an
oscillator) or a driven circuit (a mixer) as determined by the Oscillator button selection on the
pss Choosing Analysis form.

In general,

= When you simulate an autonomous circuit (the Oscillator section of the pss Choosing
Analysis form is active), you can select relative for Sweeptype. If you leave
Sweeptype blank, it will default to relative.

= When you simulate a driven circuit (the Oscillator section of the pss Choosing Analysis
form is not active), you can either select either relative or absolute for Sweeptype. If
you leave Sweeptype blank, it will default to absolute.
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Absolute

Puts the Sweeptype as absolute in the Spectre netlist.

aweeplype ahsolute

In the output for the pnoi se sweep, the x axis corresponds to the Start and Stop values.
There is no indication on the plot that you selected Sweeptype as absolute.

Relative

Puts the Sweeptype as relative in the Spectre netlist.

Sweeplype pelative Relative Harmonic | 1

When you select Sweeptype as relative, you must also enter a value for Relative
Harmonic. If you enter a 1, it appears in the netlist as r el har mum=L1.

In the output for a pnoi se analysis, the x axis corresponds to the Start and Stop values in
the pnoi se sweep. The plot label indicates the selected relative harmonic (for example,
r el har mum1). In prior versions of the software, there is no indication.

Blank

Does not put a Sweeptype parameter in the Spectre netlist. Sets the appropriate Spectre
default depending on the circuit type.

Sweepiype Sweep is Currently Absolute

Sets the appropriate Spectre default depending on whether the circuit is autonomous or
driven.
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m  For autonomous circuits, Spectre automatically sets the Sweeptype to relative and the
Relative Harmonic to 1.

m  Fordriven circuits, Spectre automatically sets the Sweeptype to absolute and displays
the message Sweep is Currently Absol ute.

In the output, the x axis corresponds to the Start and Stop values in the pnoi se sweep.

m  For autonomous circuits, the plot label indicates the default Relative Harmonic
(r el har mune1). In prior versions of the software, there is no indication.

m  For driven circuits, Spectre automatically sets the Sweeptype to absolute. There is no
indication you selected Sweeptype as blank.

Sweeptype (PAC and PXF)

Controls the inclusion of the sweeptype parameter in the Spectre netlist. Choices are:
absolute, relative, and blank, with blank selecting the appropriate Spectre default.

The results vary depending on whether you are simulating an autonomous circuit (an
oscillator) or a driven circuit (a mixer) as determined by the Oscillator button selection on the
pss Choosing Analysis form.

In general,

= When you simulate an autonomous circuit (the Oscillator section of the pss Choosing
Analysis form is active), you can select relative for Sweeptype. If you leave
Sweeptype blank, it will default to relative.

= When you simulate a driven circuit (the Oscillator section of the pss Choosing Analysis
form is not active), you can either select either relative or absolute for Sweeptype. If
you leave Sweeptype blank, it will default to absolute.

Absolute

Puts the Sweeptype as absolute in the Spectre netlist.

aweeplype absolute

There is no indication on the plot that you selected Sweeptype as absolute.
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Relative

Puts the Sweeptype as relative in the Spectre netlist.

Sweeplype pelative Relative Harnmonic | 1

When you select Sweeptype as relative, you must also enter a value for Relative
Harmonic. If you type 1, it appears in the netlist as r el har mum=1.

For pxf analysis with sweeptype set to relative and_freqaxis=in, the simulation output is
shifted frequency with the x axis clearly labeled rel ati ve frequency (offset from
xx HZ) . For pac analysis with sweeptype set to relative and_fregaxis=out, the simulation
output is shifted frequency with the x axis clearly labeled r el ati ve frequency (of f set
fromxx HZ).

For pxf analysis with sweeptype set to relative and_fregaxis=absin, the simulation output
is absolute frequency. For pac analysis with sweeptype set to relative and freqaxis=absout,
the simulation output is absolute frequency.

At the bottom of the direct plot form for the analysis, the f r eqaxi s value displays along with
one of the following messages-rel ati ve frequency (offset xxx) orrel ative
freq. The plot label also indicates the selected relative harmonic (for example,

r el har mum=1). In prior versions of the software, there is no indication.

Blank

Does not put a Sweeptype parameter in the Spectre netlist.

sSweepiype Sweep is Currently shsolute

Sets the appropriate Spectre default depending on whether the circuit is autonomous or
driven.

m  For autonomous circuits, Spectre automatically sets the Sweeptype to relative and the
Relative Harmonic to 1.
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m  Fordriven circuits, Spectre automatically sets the Sweeptype to absolute and displays
the message Sweep is Currently Absol ute.

In the output, the x axis corresponds to the Start and Stop values in the pnoi se sweep.

m  For autonomous circuits, the plot label indicates the default Relative Harmonic
(r el har mun¥1). In prior versions of the software, there is no indication.

m  For driven circuits, Spectre automatically sets the Sweeptype to absolute. There is no
indication you selected Sweeptype as blank.

Sweeptype (PSP and QPSP)

Controls the inclusion of the sweeptype parameter in the Spectre netlist. Choices are:
absolute, relative, and blank, with blank selecting the appropriate Spectre default.

Since the computations for psp analysis involve inputs and outputs at frequencies that are
relative to multiple harmonics, Sweeptype behaves differently in psp and gpsp analysis
than it does in pac, pnoi se, and pxf analyses. With psp and qpsp analysis, the frequency
of the input and the frequency of the response are usually different.

Absolute

Puts the Sweeptype as absolute in the Spectre netlist.

sweeptype ahsolute

Specifying Sweeptype as absolute, sweeps the absolute input source frequency. There is
no indication on the plot that you selected Sweeptype as absolute.

Relative

Puts the Sweeptype as relative in the Spectre netlist.

Sweeptype relative
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Specifying Sweeptype as relative, indicates to sweep relative to the analysis harmonics
(rather than the pss or gpss fundamental).

Blank

Does not put a Sweeptype parameter in the Spectre netlist. Sets the appropriate Spectre
default depending on the circuit type.

Sweeplype

View Harmonics (QPSS)

Displays harmonics within a specified range of frequencies.

View Harmonics @ ooy ooy | To {Hz) | leld

Frequency flo fri

n 0 1]

0 Inthe From (Hz) and To (Hz) fields, type the lower and upper values for the frequency
range.

The form changes to display all input frequencies, their harmonics, and the
intermodulations of the frequencies and harmonics for named, top-level, large and
moderate input signals in the circuit whose frequencies fall within the specified frequency
range.

The first column is the frequency, and the remaining columns specify tone coefficients
for each fundamental tone that contributed to the listed harmonic.
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Options Forms

Each Options form lets you specify parameter values for a SpectreRF analysis. Options that
are not relevant for a particular analysis do not appear on its Options form.

Opening the Options Forms

Click the Options button on the Choosing Analysis form to open the Options form

corresponding to the analysis type that is currently highlighted on the Choosing Analysis
form. Eigure 2-2 on page 181 shows the Options form for the Envelope Following analysis.

Figure 2-2 The Envelope Following Options Form

& Envelope Following Dptinns

0K Cencel | Defaulis Apply Help

SIMULATION INTERVAL PARAMETERS

=tart ]

outpuistart

tstab

SIMULATION BANIVAIDTH PARAMETERS

modulationbw

TIME STEF PARAMETERS

maxstep

envmaxstep

IHITIAL COMDITICN PARAMETERS

iC dc node dey all
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Use the Options form for an analysis to define its parameter values. Only those options that
are relevant for a particular analysis are available on its Options form.

Field Descriptions for the Options Forms

The following sections describe all the simulation parameters whose values you specify on
Options forms. The sections are arranged alphabetically, according to the top-level headings
on the forms. The top-level headings are usually found along the leftmost margin of the form.

Accuracy Parameters (PSS, QPSS, and Envlp)

/ Important

In most cases, the err pr eset parameter is the only accuracy parameter you
should set.

Use the following links to locate detailed descriptions of how the er r pr eset parameter
works to set accuracy parameters.

“The errpreset Parameter in PSS Analysis” on page 44

“Using the errpreset Parameter With Driven Circuits” on page 44

“Using the errpreset Parameter With Autonomous Circuits” on page 45

“The errpreset Parameter in QPSS Analysis” on page 84

“The errpreset Parameter in Envlp Analysis” on page 116

relref is the reference used for relative convergence criteria. Your Accuracy Defaults
choice sets the default values.

pointlocal compares the relative errors in quantities at each node to that node alone.

alllocal compares the relative error at each node to the largest values ever found for that
node.

sigglobal compares relative errors in each signal to the maximum value for all signals.

allglobal is the same as sigglobal except that it also compares the residues for each
node to the historical maximum.

Iteratio is the ratio the simulator uses to compute LTE tolerances from the Newton tolerance.
The default value is based on the accuracy default.
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envlteratio (envlp only) the ratio the simulator uses to compute envelope LTE tolerances for
Envelope Following Analysis. The default value is based on the accuracy default.

steadyratio is the ratio the simulator uses to compute steady-state tolerances from the LTE
tolerance. This parameter adjusts the maximum allowed mismatch in node voltages and
current branches during the steady-state period. The default is based on the accuracy
default.

maxacfreq (not QPSS) is the maximum frequency used in a subsequent periodic small-
signal analysis. This parameter automatically adjusts maxstep to reduce errors due to
aliasing in frequency-domain results. The default is based on maxstep and harms values.
See “SpectreRF Theory” for more information about specifying this parameter.

maxperiods is the maximum number of simulated periods allowed for the simulation to
reach steady-state. Default is 20.

itres=1e™ (pss only) sets the relative tolerance for the linear solver.

finitediff (not envip)

m  For PSS analysis, uses the finite difference (FD) refinement method after the shooting
method for driven circuits. The finitediff parameter refines the simulation results and is
only meaningful when highorder is set to no. The possible settings are no, yes or
refine.

m  For QPSS analysis, uses the finite difference (FD) refinement method to refine the
simulation results after the quasi-periodic shooting method. The possible settings are no,
yes or refine.

no turns off the finite difference refinement method.

yes applies the finite difference refinement method to the pss or gpss analysis. The finite
difference method tries to improve the initial small time steps if necessary.

refine applies the finite difference refinement method to the pss or gpss analysis.

For the pss analysis the finite difference method tries to refine the time steps. When the
simulation uses the gear2 method, uniform 2nd order gear is used.

When you use readpss and writepss to re-use the pss analysis results for a driven circuit,
finitediff automatically changes from no to yes. If you are concerned that the accuracy of
your simulation might be affected by a loose steadyratio, you might want to try finitediff.

You might also set finitediff to yes to get more uniform time steps and reduce the noise floor.
This does not always work. At lower power levels, the finite difference method might
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sometimes reduce the noise floor. We recommend that you reduce the noise floor by setting
highorder to yes.

/ Important

The finite difference method works for driven circuits only. If you use the finite
difference method with an oscillator circuit, it will serve only as a loading routine.
Even when a circuit or analysis parameter has changed, the old solution is loaded
and may be inaccurate.

For the gpss analysis the finite difference method tries to refine the solution after the quasi-
periodic shooting method.

When you use readgpss and writeqpss to re-use the gpss analysis results, finitediff
automatically changes from no to samegrid.

highorder (PSS only) executes high-order refinement after low order congergence when
errpreset iseithernoder at e orconser vat i ve. Uses the Multi-Interval Chebyshev
(MIC) polynomial spectral algorithm. The highorder parameter works for both driven and
autonomous circuits. The possible settings are no or yes.

yes turns on the MIC method and tries harder to converge. Also opens the psaratio and
maxorder fields

psaratio=1 is the ratio used to compute the MIC accuracy from the Newton
tolerance.

maxorder The maximum order of the MIC polynomials used during waveform
approximation. Values range from 2 to 16. The default value is 16 for driven circuits
and 12 for autonomous circulits.

no turns off the MIC method.

Note: When you seter r pr eset to either noder at e or conser vati ve and you
have not set highorder, MIC is used but it does not aggressively try to converge. MIC
does try harder to converge when highorder is explicitly set to yes.

fullpssvec (pss only) Uses the full vector containing solutions at all pss time steps in the
linear solver. Default behavior is derived from the size of the equation and the property of the
pss time steps. Possible values are no or yes.

Annotation Parameters (All)

stats tells the simulator to generate analysis statistics. Default is no.
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annotate lets you specify what information is printed at the beginning of the output to identify
the results. Default is st at us. Choices are no, ti tl e, sweep, st at us and st eps.

Convergence Parameters (All)

readns lets you specify the name of a file that contains an estimate of the initial transient
solution. Enter the complete path to the file. No default.

cmin is the minimum capacitance from each node to ground. Default is O.

tolerance is the relative tolerance for the linear solver when solving for convergence. Default
is 107,

gear_order is the order used for Gear-type interpolations. Default is 2 (second order).

solver

std specifies that Krylov subspaces not be used. Simulations with this setting are slower
but more robust than simulations using the turbo setting. Use this setting if simulation
with turbo is unsuccessful.

turbo specifies the use of Krylov subspaces and makes small-signal analyses run more
quickly. However, it is less robust than Std. This setting is the default.

oscsolver

std specifies that Krylov subspaces not be used. The setting is more robust than turbo
for oscillator small-signal analyses, although the simulation is slower. Use this setting if
simulation with turbo is unsuccesstful.

turbo specifies the use of Krylov subspaces and makes oscillator small-signal analyses
run more quickly. However, it is less robust than Std. This setting is the default.

Initial Condition Parameters (PSS, QPSS, and Envlp)

ic specifies the methods used to set the initial condition (dc, node, dev and al | ). For an
explanation of each of these methods, consult the Virtuoso* Spectre Reference manual.
Default is all.

skipdc
yes omits the DC analysis from the transient analysis.

no includes a DC analysis with the transient analysis. This is the default.
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readic lets you specify the name of the file that contains the initial conditions.

Integration Method Parameters (PSS, QPSS, and Envlp)

method specifies the integration method. Your accuracy default choice sets the default value.
The possible settings are

euler is backward Euler.

trap is the backward Euler and trapezoidal methods.
traponly is the trapezoidal rule only.

gear?2 is the backward Euler and second-order Gear methods.

gear2only is Gear’s second-order backward difference method only.

The trapezoidal rule is best when you want high accuracy, but it can exhibit point-to-point
ringing, which you can control with tighter error tolerances. Euler and Gear work better with
looser tolerances for quick simulation, but they can make systems appear more stable than
they actually are.

Use the gear_order option on the small-signal analyses Options form to set the order of a
Gear-type interpolation.

tstabmethod specifies the tstab integration method. Your accuracy default choice sets the
default value. The possible settings are

euler is backward Euler.

trap is the backward Euler and trapezoidal methods.
traponly is the trapezoidal rule only.

gear?2 is the backward Euler and second-order Gear methods.

gear2only is Gear’s second-order backward difference method only.

The trapezoidal rule is best when you want high accuracy, but it can exhibit point-to-point
ringing, which you can control with tighter error tolerances. Euler and Gear work better with
looser tolerances for quick simulation, but they can make systems appear more stable than
they actually are.

Use the gear_order option on the small-signal analyses Options form to set the order of a
Gear-type interpolation.
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envmethod specifies the integration method for the envlp analysis. Your accuracy default
choice sets the default value. The possible settings are

euler is backward Euler.

trap is the backward Euler and trapezoidal methods.

traponly is the trapezoidal rule only.

gear2 is the backward Euler and second-order Gear methods.
gear2only is Gear’s second-order backward difference method only.

trapgear?2 is the backward Euler, trapezoidal and second-order Gear methods.

The trapezoidal rule is best when you want high accuracy, but it can exhibit point-to-point
ringing, which you can control with tighter error tolerances. Euler and Gear work better with
looser tolerances for quick simulation, but they can make systems appear more stable than
they actually are.

Multitone Stabilization Parameter (QPSS)

stabcycles specifies the number of stabilization cycles to perform when both large and
moderate sources are enabled. The default is 2.

Newton Parameters (PSS, QPSS, and Envlp)

maxiters is the maximum number of iterations per time step.

restart tells the simulator not to use the previous DC solution as an initial guess. Default is
yes (means do not use).

envmaxiters lets you specify the maximum number of Newton iterations per envelope step
for the envlp analysis. The default is 3.
Output Parameters (All)

save tells the simulator what signals to save. You have the following choices:

selected saves only the signals you request on the Outputs menu in the Simulation
window. This is the default setting.
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Ivipub saves all normally useful signals up to nestlvl deep in the subcircuit hierarchy.
Ivipub is equivalent to allpub for subcircuits. Normally useful signals include shared
node voltages and currents through voltage sources and iprobes.

Click on lvlpub to activate the nestlvl type-in field. Then enter a value for the nestlvl
parameter.

vl saves all signals up to nestlvl deep in the subcircuit hierarchy. lvl is relevant for
subcircuits.

Click on vl to activate the nestlvl type-in field. Then enter a value for the nestlvl
parameter.

allpub saves only signals that are normally useful. Normally useful signals include
shared node voltages and currents through voltage sources and iprobes.

all saves all signals.

Use vl or all (instead of Ivipub or allpub) to include internal node voltages and currents
through other components that compute current.

Use Ivlpub or allpub to exclude signals at internal nodes on devices (the internal collector,
base, emitter on a BJT, the internal drain and source on a FET, etc). Ivipub and allpub also
exclude the currents through inductors, controlled sources, transmission lines, transformers,
etc.

oppoint specifies whether the simulator outputs the operating point information. You can
send the information to a rawfile, the logfile, or the screen. Default is NO.

skipstart specifies when the simulator starts skipping output data. Default is Starttime s
(seconds).

skipstop specifies when the simulator stops skipping output data. Default is stoptime s
(seconds).

skipcount specifies how many points to skip before saving a point. No default.

strobeperiod is the output strobe interval in seconds. The actual strobe interval is rounded
to an integer multiple of the clock period.

Strobing is crucial to getting the very low noise floors required for ACPR measurements.
Some users require noise floors 70 to 80 dB below the peak, which is not possible if the
Fourier analysis has to interpolate between unevenly spaced data points.The strobeperiod
option forces the output envelope to have evenly spaced data points. The subsequent Fourier
analysis can proceed without interpolation.
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strobedelay is the delay (phase shift) between the skipstart time and the first strobe point.
Default is 0.

compression directs the simulator to perform data compression on the output. Default is no.

stimuli specifies what PXF uses for inputs to the transfer functions.

sources specifies that the sources present in the circuit are used as the inputs to the
transfer functions.

nodes_and_terminals specifies that all possible transfer functions are computed.

freqaxis specifies what version of the frequency to plot the output against in spectral plots.

For the pnoi se analysis

absout is the absolute value of the output frequency.
in is the input frequency.

out is the output frequency.

For the pac and gpac analysis

absout is the absolute value of the output frequency.
in is the input frequency.

out is the output frequency.

For the pxf and gpxf analysis

absin is the absolute value of the input frequency.

in is the input frequency.

out is the output frequency.

For the psp and gpsp analysis

0 absin is the absolute value of the frequency swept at the input
0 in is the scattered frequency at the input

0 outis the scattered frequency at the output

outputperiod lets you specify the time-domain output period. The time-domain small-signal
response is computed for the period specified, rounded to the nearest integer multiple of the
PSS analysis period.
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outputtype lets you specify the output type for Envelope Following Analysis. Possible values
are both, envelope, or spectrum. The default is both.

saveallsidebands lets you save all sidebands for Pnoise and Qpnoise analyses.

Simulation Interval Parameters

tstart is the start time you specify for transient analysis. It can be negative or positive. Default
is 0.

start lets you specify the start time for the Envelope Following Analysis.
outputstart lets you specify the timepoint when the simulator starts to save output.

tstab is the initial stabilization time for the Envelope Following Analysis. Default is 0.

Simulation Bandwidth Parameters

modulationbw lets you specify the modulation bandwidth.

State File Parameters

write lets you specify the name of the file to which the SpectreRF simulation writes the initial
transient solution.

writefinal lets you specify the name of the file to which the SpectreRF simulation writes the
final transient solution.

swapfile is a temporary file that holds steady-state information. If you enter a filename, the
Spectre circuit simulator stores the operating point in that file rather than in virtual memory.
Use this option if you receive a warning about not having enough memory to complete the
analysis. Enter the complete path to the file.

writepss specifies the file to which the steady-state solution is written. Small-signal analyses
can read the steady-state solution from this file so rerunning the PSS analysis is
unnecessary.

writegpss specifies the file to which the steady-state solution is written. Small-signal
analyses can read the steady-state solution from this file so rerunning the PSS analysis is
unnecessary.
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readpss specifies the file from which the steady-state solution is read. Small-signal analyses
can read the steady-state solution from this file so rerunning the PSS analysis is
unnecessary.

readgpss specifies the file from which the steady-state solution is read. Small-signal
analyses can read the steady-state solution from this file so rerunning the PSS analysis is
unnecessary.

checkpss Options are yes and no.

Time Step Parameters

step is the smallest simulator time step used to improve the look of the results. Default is
0.001 x fundamental period seconds.

maxstep is the largest allowable time step. The default is set by the accuracy default.
liberal = 0.1/max AC frequency
moderate = 2 x liberal

conservative = 4 x liberal

envmaxstep specifies the maximum outer envelope size. The default is derived from the
errpreset setting.

Direct Plot Form

Use the Direct Plot command in the Simulation window to plot most RF simulation results.

Opening the Direct Plot Form
Use the Results — Direct Plot — Main Form command in the Simulation window, to access

results for the most recently performed analyses.The Direct Plot form will be similar to the one
shown in Figure 2-3.

November 2004 191 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Simulation Form Reference

Figure 2-3 A Direct Plot Form

The Analysis section lists one or more analyses with available data.
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m  For Periodic large and small signal analyses—Choose pss to access the results from the
initial pss analysis. Choose pac, pnoise, pxf, or psp to access the results of any
available periodic small-signal analyses that ran after the pss analysis.

m  For Quasi-Periodic large and small signal analyses—Choose gpss to access the results
from the initial gpss analysis. Choose gpac, gpnoise, qpxf, or gpsp to access the
results of any available quasi-periodic small-signal analyses that ran after the qpss
analysis.

m  Choose Envlp to access the results from an Envelope Following analysis.

Defining Measurements in a Plot Form

You define the RF simulation measurements to display by entering and selecting items in the
Direct Plot form such as functions, plots, and modifiers and selecting nets, terminals, or other
objects on the schematic.

While making selections in the Direct Plot form, follow the messages at the bottom of the form
for instructions and prompts. For example,

> Select Net on schematic...
and
> To plot, press Sij-button on this form...

When you press the plot button (or perform another specified action), a simulation plot
appears, by default, in the current Waveform Window. If the Waveform window or Schematic
window is not open, selecting a direct plot function automatically opens both windows.

Informative messages often also display at the bottom of the Waveform and Schematic
windows.

Plotting Data for Swept Simulations

For swept analyses, the last section in the Direct Plot form includes one or more list boxes
which display different values of the design variable you selected when setting up the swept
analysis. Figure 2-4 on page 194, the Direct Plot form for an IP# measurement, has two such
list boxes. Following the messages at the bottom of the Direct Plot form, in the list box, click
on the design variable values you want to plot. The name and type of the variable are
displayed at the top of the list box.

November 2004 193 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Simulation Form Reference

For some measurements, for example, second and third order intercept functions, the Direct
Plot form displays a second list of variable values for the reference variable. The following
example shows the Direct Plot form for 3rd order IPN curves.

Figure 2-4 Direct Plot form for IP3 Curve
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Follow the messages at the bottom of the Direct Plot form and click on the design variable
values you want to plot.

Selecting Sidebands and Harmonics

When Sidebands or Harmonics are available, they are displayed in one or more list boxes at
the bottom of the Direct Plot form.

Harmonic Frequency

0
40M
80M

120M
160M
200M

L[]

A b=

As before, follow the messages at the bottom of the Direct Plot form and click on sideband or
harmonic values in the list box to select them.

m  To select one value, simply click on it.

m  To select two or more adjacent values, click and drag with the mouse over the values you
want to select.

m  To select two or more values that are not adjacent, hold the Control key down while you
click on the individual values.

m  To deselect a value, hold the Control key down while you click on a selected value.

Generating a Spectral Plot

Spectral plots show the function level at each frequency component of a single analysis point
(one step in a sweep of frequency, input power, or design variable).

1. In the Simulation window, choose Results — Direct Plot — Main Form to open the
Direct Plot form, the Waveform window, and the design in the Schematic window.

Follow the prompts displayed at the bottom of the Direct Plot form for instructions.
Sometimes additional information is also displayed elsewhere in the form.

2. In the Direct Plot form, click on a Plot Mode button to specify whether the curves you
plot are appended to or replace any existing curves in the Waveform window.
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3. Click on an Analysis button to select the simulation you want to plot results for.
4. Click on a Function button to select the function or measurement you want to plot.

The Function values displayed vary with the simulations run. If you need a function that
is not included on the Direct Plot form, use the RF version of the analog design
environment calculator. See the Waveform Calculator documentation for more
information.

5. In the Select cyclic field, determine what to select in the Schematic window.

All Function values now have several Select options. For example, for the Voltage
function, you can now choose between Net, Differential Nets and Instance with 2
Terminals. Follow the prompts displayed at the bottom of the Direct Plot form for more
information.

6. For PSS sweeps, set Sweep to spectrum.
7. For some RF functions, set Signal Level, choices are peak or rms.

8. For some RF functions, set a plot Modifier, choices are Magnitude, Phase, dB20,
Real, or Imaginary.

9. Follow the prompts at the bottom of the Direct Plot form to draw the curve in the
Waveform window.
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The following waveform is the spectral plot used to calculate harmonic distortion for the
ne600p mixer circuit in “Harmonic Distortion Measurement with PSS” on page 248.
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Saving a Displayed Output and Displaying Saved Outputs.

= In the Plot form, first click the Add to Outputs button and then click the Replot button
to add a plot displayed in the Waveform window to the Outputs list in the Simulation
window.

Add To Outputs| | HEpIut|

= When you select a curve to plot from the list of curves in the Outputs section of the
Simulation window, the new expression is always plotted as the Magnitude of the
signal, not the plot with your original Modifier selection. If you want a specific scale, for
example dB20, you have two choices. You can either

0  Modify the expression using Curve — Edit — Scale in the Waveform window
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0 Paste the expression from the Outputs Setup form into the calculator buffer and
edit it.

Changing the Noise Floor of a Spectral Plot

1.

Use the Axes — Y axis command in the Waveform window to change the noise floor of
a spectral plot. In the Axes — Y axis form, set Range to Min-Max and specify a Min
value.

Generating a Time Waveform

Time waveforms plot voltage and current against time.

1.

Choose Results — Direct Plot — Main Form to open the Waveform window, the design
in the Schematic window, and the Direct Plot form.

Follow the prompts displayed at the bottom of the Direct Plot form for information on what
to do next. Sometimes additional information is also displayed elsewhere in the form.

. In the Direct Plot form, click on a Plot Mode button to specify whether the curves you

plot are appended to or replace any existing curves in the Waveform window.
Click on an Analysis button to select the simulation you want to plot results for.
Click on a Function button to select the function or measurement you want to plot.

The Function values displayed vary with the simulations run. If you need a function that
is not included on the Direct Plot form, use the RF version of the analog design
environment calculator. See the Waveform Calculator documentation for more
information.

In the Select cyclic field, determine what to select in the Schematic window.

All Function values now have several Select options. For example, for the Voltage
function, you can now choose between Net, Differential Nets and Instance with 2
Terminals. Follow the prompts displayed at the bottom of the Direct Plot form for more
information.

For PSS sweeps, set Sweep to time.
For some RF functions, set Signal Level, choices are peak or rms.

For some RF functions, set a plot Modifier, choices are Magnitude, Phase, dB20,
Real, or Imaginary.
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9. Follow the prompts at the bottom of the Direct Plot form to draw the curve in the
Waveform window.

Saving a Displayed Output and Displaying Saved Outputs.

= Inthe Plot form, first click the Add to Outputs button and then click the Replot button
to add a plot displayed in the Waveform window to the Outputs list in the Simulation
window.

Add To Outputs| | HEpIut|

= When you select a curve to plot from the list of curves in the Outputs section of the
Simulation window, the new expression is always plotted as the Magnitude of the
signal, not the plot with your original Modifier selection. If you want a specific scale, for
example dB20, you have two choices. You can either

0  Modify the expression using Curve — Edit — Scale in the Waveform window

0 Paste the expression from the Outputs Setup form into the calculator buffer and
edit it.

Field Descriptions for the Plot Form

The following sections describe the fields on the Direct Plot form. The sections are arranged
alphabetically, according to the top-level headings on the forms. The top-level headings are
usually found along the leftmost margin of the forms.

1st Order Harmonic

See First-Order Harmonic.

2nd-7th Order Harmonic

See Nth Order Harmonic.
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Add To Outputs

Adds the expression plotted in the Waveform window to the Outputs list.in the Simulation
window.

Add To Outputs Flot

=  Highlight Add To Outputs to automatically add each new plot to the Outputs list
whenever you click Replot.

s With Add To Outputs dehighlighted, click the Add To Outputs button to add only the
current plot to the Outputs list.

Analysis

Selects the analysis to plot results for.

Analysis

* pss fpnoise

The Analysis area lists analyses for which results are available. If you performed one or more
small-signal analysis, each small signal analysis has its own button separate from the button
for the large-signal analysis performed as a prerequisite.

Highlighting an analysis changes the Direct Plot form to display fields for that analysis.
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Circuit Input Power (QPSS, PAC)

Selects between Single Point and an appropriate Sweep.

Circuit Input Power | Single Point
@ Voriahle Sweep ('prf’)

"pri’ ranges from -243 to 9
Input. Power Extrapolation Foint (dBm) |—1§

m Ifyou choose Single Point, the Input Power Value (dBm) field appears, and you must
type a value into it.

m If you choose a Sweep, the Extrapolation Point field appears, and you can type a
value. Placing a value in the Extrapolation Point field is optional.

Close Contours (PSS and Envlp)

See “Maximum Reflection Magnitude (Envip)” on page 209.

Extrapolation Point (PSS and QPSS)

Specifies the value of the design variable from which the straight line approximations of first-
and third-order harmonics are produced. See Figure 2-4 on page 201 for more information.

Circuit nput Power ) Single Poind
@ Variable Sweep ({'prf')

Pri’ ranges from -&4 o 3
Input. Powrer Extrapolation Foint (dBm) | -1

The Extrapolation Point field is optional. It specifies the value of the design variable from
which the straight line approximations of first- and third-order harmonics are produced. If you
do not specify a value, the default value is the smallest x axis sweep value.
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First-Order Harmonic (PSS)

Lists available first-order harmonics when you select the IPN Curves Function for a PSS
analysis.

. 1st Order Hanmonic
. D 0
. Ry

Lists the harmonics available for plotting by number and associated frequency values.

0  Select one harmonic from the list box and then select the appropriate net on the
schematic.

First Order Harmonic

Lists available first-order harmonics when you select the IPN Curves Function for an
analysis.

15t Order Harmonic

25 ToM
-£1 1M
1] 021K

In the list box, the first column lists the frequency value of a harmonic, the following columns
list the tone coefficient for each fundamental tone that contributed to the harmonic.

0  Select one harmonic from the list box and then select the appropriate net on the
schematic.
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First Order Sideband (PAC)

Lists available first-order sidebands when you select the IPN Curves Function for a PAC
analysis.

Ihput Referred 1P3 Orler 3
: 3rd Order Skieband 15t Order Sldeband
- | -55 TIM

alM

C 021M

Lists the first-order sidebands available for plotting by number and associated frequency
values.

0  Select one sideband from the list box and then select the appropriate net on the
schematic.

Function

Specifies a quantity to plot.

Function

Voltage Current

+ Power Voltage Gain
Current Gain Fower Gain
Transconductance Transimpedance
Compression FPoint IPN Curves
Power Contours Reflection Contours
Power Added ETT. Power Gain Vs Pout
Comp. Vs Pout Node Complex Imp.
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Each Function button specifies a different quantity that you can plot. The available
Functions vary depending on the Analysis you select. For some functions, you must select
one or two objects on the schematic after selecting the Function button.

Gain Compression (PSS and QPSS)

Specifies the Gain Compression when you plot the Compression Point.

Gain Compression (d0) |1'.

] P FANQEs Trom - 30 T 1 .
 Ipul Puvier Extrapolation Point (dBim) | 2%

Harmonic Frequency (PSS)

Lists available harmonic frequencies s by number when you select the Harmonic
Frequency function.

Harmonic Fregueancy

1 20226

2 4.045cC i
3 b.067G
1 B.0893c

o 10.11G

Lists the harmonics available for plotting by number and associated frequency values.

0  Select one harmonic from the list box and then select the appropriate net on the
schematic.
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Harmonic Number (Envlip)

Lists available harmonics by number when you select the Power Function for an Envelope
Following analysis.

Hamwonk Neamier

Lists the harmonics available for plotting by number and associated frequency values.

O  Select one harmonic from the list box and then select the appropriate net on the
schematic.

Input Harmonic (PSS)

Lists available input harmonics by number.

Input Harmonic

0 0 _-
e

2 1.8G

3 2.76 :

4 3.66

= 4.56

Lists available input harmonics by number. the list box appears on the PSS Plot form when
you select one of the following functions: Voltage Gain, Current Gain, Power Gain,
Transconductance, or Transimpedance Functions.

The values in the list box are those you requested in the Output Harmonics specification in
the Choosing Analyses form.
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Input Harmonic (QPSS)

Lists available input harmonics.

Freq.(Hz) flo fHind2 frf

0 0 0 0

Input 20M 1] 1 -1
Harmonic 40M 0 2 -2
60M 1 -2 1

80M 1 -1 0

In the list box, the first column lists the frequency value of a harmonic. The following columns
list the tone coefficients for each fundamental tone that contributed to the harmonic.

Input Power Value (dBm) (PSS, QPSS, and PAC)

Specifies an input power value.

Input Povser Value (dBm)

This field appears

m  when you select Single Point for Circuit Input Power

m  When you select the IPN Curves Function
= When you want information about a single point after running a power sweep.

O  Assign an input power value.
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Input or Output Referred 1dB Compression (PSS and QPSS)

Selects input or output referred 1 dB compression.

m  Output referred compression is referred to the y axis.

m  Input referred compression is referred to the x axis.
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Input or Output Referred IPN and Order (PSS, QPSS, and PAC)

Selects Input or Output Referred Nth-Order Intercept point.

Input Referred IP3 Order 3rd

Freq.{Hz) flo fHund2 frf

0 0 0 0

3nd 20M 0 1 -1
Order 40M 0 2 -2
Harmonic 60M 1 -2 1
80M 1 -1 0

0 0 0 0

15t o0M 1} 1 -1
Order 40M 0 2 -2
Harmonic 60M 1 -2 1
80M 1 -1 0

m  Select the Order, 2nd through 7th, in the Order cyclic field.

m  Select Input Referred IPN or Output Referred IPN in the Input/Output Referred IPN
cyclic field.

0  Output referred IPN is referred to the y axis.

0 Input referred IP3 is referred to the x axis.
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Maximum Reflection Magnitude (Envlip)

When you select the Reflection Contours Function in the envelope following analysis:

: Select  Separate Refl and RefRefl Terminals

: . ¥ Humber of
Max Reflection Mag | Contours

. Min Reflection Mag || q

: Reference Resistance |50. (G Close

1 Contours

Output Harmonic

1] 1]
& 26
3 3G

m  Specifies a maximum reflection magnitude.
m  Specifies a minimum reflection magnitude.
m  Sets the resistance of the port adapter when you plot Power or Reflection Contours.
m  Specifies the number of Power or Reflection Contours to plot.
m  Sets open or closed contours for Power and Reflection Contours.

0  When you highlight Close Contours, the plot appears as a closed figure.

O  When you dehighlight Close Contours, the plot appears as an open figure.

The default is to leave the two most distant points in the plot unconnected.

m  Selects the Output harmonic.

Min Reflection Mag

See “Maximum Reflection Magnitude (Envip)” on page 209.
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Modifier

Sets the units for the y axis of the plot.

Modifier
* Magnitude Phase dB20
Real Imaginary

Choices vary depending on the Function highlighted.
Magnitude is the raw value, in volts, amps, or no units at all.
Phase sets the y axis to degrees.
dB20 sets the y axis to decibels with tick marks every 20 dB.
dBm sets the y axis to dB 10 plus 30.
dB 10 sets the y axis to decibels with tick marks every 10 dB.

Real and Imaginary restrict plots to only the real or imaginary range of the curve.

Noise Type

Lists the types of noise calculated following a Pnoi se analysis with modulated Noise Type
selected.

Moise Type

@USBE LSB AM I PM

Choices may vary.
USB is the upper sideband noise.
LSB is the lower sideband noise.

AM is the amplitude modulated noise.
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PM is the phase modulated noise.

Number of Contours

See "Maximum Reflection Magnitude (Envip)” on page 209.

Lists the harmonics available for plotting by number and associated frequency values. (Select
the Order, 2nd through 7th, in the Order cyclic field.)

0  Select one harmonic from the list box and then select the appropriate net on the
schematic.

Nth Order Harmonic (QPSS)

Lists available Nth Order Harmonics when you select the IPN Curves Function for the qpss
analysis.

Ard Order Hannmonic

1 oM
D 921K

In the list box, the first column lists the frequency value of a harmonic. The following columns
list the tone coefficient for each fundamental tone that contributed to the harmonic.

0  Select one harmonic from the list box and then select the appropriate net on the
schematic.
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Nth Order Sideband (PAC)

Lists available Nth Order sidebands when you select the IPN Curves Function for a PAC
analysis.

Input Referred 1P3 Ornier 3rd
3I"ﬂ Urier skieband 151 Orier shideband
- |-z85 E

alM

L 0214

Lists the sidebands available for plotting by number and associated frequency values. (Select
the Order, 2nd through 7th, in the Order cyclic field.)

0  Select one sideband from the list box and then select the appropriate net on the
schematic.

Order

See “Input or Output Referred IPN and Order (PSS, QPSS, and PAC)” on page 208.

Output Harmonic (PSS)

Lists available Output Harmonics for PSS analysis.

Output Harmonic

1] n
40M |

B0M
120M
160M
200M

A b=

November 2004 212 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Simulation Form Reference

Lists the harmonics available for plotting by number and associated frequency.

Click on harmonics in the list box to select them.

Select adjacent harmonics by clicking and dragging with the mouse over the harmonics
you want to select.

Select harmonics that are not adjacent by holding the Cont r ol key down while you click
on the individual sidebands.

Deselect harmonics by holding the Cont r ol key down while you click on a selected
harmonic.

Output Harmonic (For QPSS)

Lists available Output Harmonics for gpss analysis.

Freq.{Hz) flo fumd2 frf

0 0 0 1]

Output 20M 0 1 -1
Harmonic 40M 0 2 -2
60M 1 -2 1

80M 1 -1 0

In the list box, the first column is the frequency of a harmonic. The second and third columns
specify the tone coefficients for each fundamental tone that contributed to the listed harmonic.

Click on harmonics in the list box to select them.

Select adjacent harmonics by clicking and dragging with the mouse over the harmonics
you want to select.

Select harmonics that are not adjacent by holding the Cont r ol key down while you click
on the individual sidebands.

Deselect harmonics by holding the Cont r ol key down while you click on a selected
harmonic.
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Output Sideband (PAC and PXF)

Lists the sidebands you requested on the small-signal Choosing Analyses form.

Output. Hanmonic

-25 16
-21 g40M
0 921

This list box appears when you choose variable for Sweep on a small-signal Direct Plot form.
It lists all the sidebands you requested on the small-signal Choosing Analyses form.

Click on sidebands in the list box to select them.

m  Select adjacent sidebands by clicking and dragging with the mouse over the sidebands
you want to select.

m  Select sidebands that are not adjacent by holding the Cont r ol key down while you click
on the individual sidebands.

m  Deselect sidebands by holding the Control key down while you click on a selected
sideband.

Plot and Replot

Displays a plot in the Waveform window.

Add To Clutputs| _ Plot

» Press plot button on this form...
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Plot Mode

Determines whether to add the next plot to those currently displayed in the Waveform window
or to clear the window and display only the next plot.

FPlot Mode Append 4 Replace

m  Append combines the next plot with other curves already plotted in the Waveform
window

m  Replace clears the Waveform window just prior to displaying the next plot.

Power Spectral Density Parameters (Envip)

Determines how the Power Spectral Density is calculated.

Povrer Spectral Density Parameters

Time Interval

From To | Get From Data

Nyquist half-bandvsidth
Frequency bin width
Max. plotting frequency
Min. plotting frequency
Windowing Hanning

Detrending Hone
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m  Time Interval — The starting and ending times for the spectral analysis interval. They
are usually the start and stop times for the simulator.

m Get From Data --

= Nyquist half-bandwidth — The maximum frequency at which there are signals of
interest. This is usually three to five times the maximum band frequency.

m  Frequency bin width — The frequency resolution, such as the width of the frequency
bins.

m  Max. plotting frequency — Sets the maximum x axis value for the waveform you want
to plot.

= Min. plotting frequency — Sets the minimum x axis value for the waveform you want
to plot.

= Windowing — A preset list of available windowing functions used during the spectrum
calculation.

m  Detrending — Removes trends from the data before the spectral analysis.

Reference Resistance (Envip)

See "Maximum Reflection Magnitude (Envip)” on page 209.

Resistance

Sets the resistance of the port adapter when you plot Power or Reflection Contours.

Sets the resistance of the port adapter when you select Net (specify R) and plot Power or
Reflection Contours.

Select Met { specify R )

Resistance {Default is 50.) |]
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Select

Determines the type and number of objects to select on the schematic.

Select Port { fixed R{port) )

Input Power Value (dBm)

Choices available in the Select cyclic field vary depending on the highlighted Function. The
message at the bottom of the form prompts you to make an appropriate selection.

m Differential Nets -- Select differential nets on the schematic.

m Differential Nets (dB, 1ohm reference) -- Select differential nets on the schematic.
m Differential Terminal -- Select a differential terminal on schematic.

m Instance with 2 Terminals -- Select an instance with two terminals on the schematic.
m  Net -- Select a net on the schematic.

= Net (dB, 1lohm reference) -- Select a net on the schematic.

s Out. and In. Ports (fixed R(OutPort)) -- Select output and input ports on the
schematic.

= Out. and In. Instances with 2 Terminals -- Select output and input instances with
two terminals on the schematic.

s Output and Input Nets -- Select output and input nets on the schematic.
m  +- Output and +- Input Nets -- Select output and input nets on the schematic.
= Output and Input Terminals -- Select output and input terminals on the schematic.

s +- Output and +- Input Terminals -- Select output and input terminals on the
schematic.

s Output Net and Input Terminal -- Select an output net and an input terminal on the
schematic.

m  +- Output Net and Input Terminal -- Select an output net and an input terminal on the
schematic.
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m  Port (fixed R(port)) -- Select a port on the schematic.

m +- Power and +- Refl Terminals -- Select power and reflection terminals on the
schematic.

m  Separate Power and Refl Terminals Select separate power and reflection terminals
on the schematic.

m  Single Power/Refl Terminal Select one power or reflection terminal on the schematic.

m  Single Power/Refl Term and ref Term Select one power or reflection terminal and a
reference terminal on the schematic.

m  Terminal -- Select a terminal on the schematic.

m Terminal and V-Reference Terminal -- Select a terminal and a V-Reference terminal
on the schematic.

Signal Level (PSS, QPSS)

Determines the signal value to plot.

Signal Level (@ peak rms

m  Peak -- Plots the maximum value of the signal.

m  rms -- Plots the root-mean-square value, or effective value, of the signal.

Sweep (PSS, PXF, and Envlp)

Sets the units for the x axis of the plot. Choices vary depending on the Function highlighted.

Sweep

_ ' spectrm - time

m spectrum, sideband, and frequency set the x axis to display frequency
m time sets the x axis to display seconds

m  variable sets the x axis to display the value of a design variable.
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Variable Value (PSS, QPSS, and PAC)

Lists the swept variable values that you can plot for a PSS, QPSS, or PAC analysis.

Variahle Value {prf)

-25 il
-20
-15
-10
-5
0

The PSS, QPSS, and PAC Results forms display this list of sweep values that you can specify
for a specific variable, temperature, component parameter, or model parameter. the variable
name is included in the title.

The range of values is determined by the Sweep Range specification in the Choosing
Analyses form. The number of values is determined by the Sweep Type specification in the
Choosing Analyses form.

In the sample figure, which shows the PSS version, the values are listed for the design
variable pr f .The QPSS version of the form is formatted slightly differently but gives the same
information.

The ACPR Wizard

The ACPR Wizard simplifies the procedure for measuring ACPR and PSD.

The following sections describe the fields on the ACPR Wizard form. The sections are
arranged alphabetically, according to the top-level headings on the ACPR Wizard form. The
top-level headings are usually found along the leftmost margin of the form.

Open the ACPR wizard in one of two ways.
m In the Simulation window, choose Tools — RF — Wizards — ACPR
or

m Inthe envip Choosing Analyses form, press Start ACPR Wizard.
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The ACPR wizard form opens.
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Clock Name

In the Clock Name cyclic field, select the clock signal from those listed in the cyclic field.

Clock Hame

£Ef

The Clock Name identifies the source of the modulated signal.

How to Measure

The How to Measure section allows you to choose whether to measure ACPR for a single
Net or between Differential Nets. Use the How to Measure cyclic field to choose a single
Net or Differential Nets.

To measure ACPR for a single net

1. Select Net in the How to Measure cyclic field.

2. Press Select. Then select the output net in the Schematic window.

RFOUT displays in the Net field.

How to Measure

Het

Net — |

/RFOUT Select |

To measure ACPR for differential nets

1. Select Differential Nets in the How to Measure cyclic field.

2. Press Select next to the Net+ field. Then select the positive net in the Schematic

window.

The signal name displays in the Net+ field.

3. Press Select next to the Net- field. Then select the negative net in the Schematic

window.
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The signal name displays in the Net- field.

How to Measure Differential Hets

Met+ | /RFOUT Select

MHet-  fgndl Select

Channel Definitions

In the Channel Definitions cyclic field, select a preset channel definition. Choices include
Custom, 1S-95, and W-CDMA.

When you select 1S-95

m  The Main Channel Width (Hz) field is calculated. This is the width of the main channel
in Hz. Enter a number greater than zero. When you click OK or Apply, the content of this
field is verified.

m  Theadjacent frequencies are determined and display in the list box. Note that adjacent
frequencies are specified relative to the center of the main channel.

Use the edit fields and the Add, Change and Delete buttons to enter or modify channel
definitions in the list box. You can hand edit or enter adjacent frequency names and
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upper and lower boundaries. Specify adjacent frequencies relative to the center of the
main channel. All channel widths must be greater than zero.

Simulation Control

Stabilization Time (Sec.) specifies the number of seconds to wait before using the data for
analysis.

Resolution Bandwidth (Hz) specifies the spacing of data points on the on the power
density curve, in Hz. Use the Calculate button to calculate the resolution bandwidth. When
you decrease the resolution bandwidth, simulation time is longer and the data file is larger.

Repetitions specifies the number of times to repeat the DFT for averaging. When you
increase the number of repetitions, the power density curve is smoother, simulation time is
longer and the data file is larger.

In the Windowing Function cyclic field, select a preset windowing function. Choices include
Windowing Function presets include Blackman, Cosine2, Cosine4, ExtCosBell,
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HalfCycleSine, HalfCycleSine3, HalfCycleSine6, Hamming, Hanning, Kaiser,
Parzen, Rectangular and Triangular.

A Windowing Function tapers the signal before performing the DFT to reduce the effect of
any edge discontinuities.

Apply and OK

When you click Apply or OK, the values you entered in the ACPR wizard are used to
determine values for the required envl p analysis and the envl p choosing analysis form is
filled in.

\

In the envl p choosing analysis form, values are calculated as follows.

m  The Clock Name field in the envl p form is the same as the Clock Name field on the
ACPR wizard.

m The Stop Time value in the envl p form is calculated.
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m  The Output Harmonics field in the envl p formis set to 1.

m  The envl p choosing analysis form is enabled.

m  The Start field in the envl p Options form is left blank.

s  The modulationbw value for the envl p Options form is calculated.

m  The strobeperiod value for the envl p Options form is calculated.

You can modify these values entered on the envl p analysis form, but your changes will not
be propagated back to the ACPR wizard.

The Analyses area in the Simulation window reflects the envl p analysis.

[ B s e e

When the envl p analysis completes, the ACPR values for each channel and the PSD
waveform display in the Output area in the Simulation window.

[ EEever W Boeet |
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The RF Simulation Forms Quick Reference

The SpectreRF simulation forms include the following:

m  Choosing Analysis Form

s Option Forms (One for each analysis)

m Direct Plot Form

m  ACPR Wizard

The simulation forms change to display only the fields relevant for the currently selected
analysis. The field description topics for each analysis form, are briefly described here and
linked to the detailed description in this chapter.

Choosing Analysis Form

Periodic Steady-State (PSS) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight pss to display the Periodic
Steady State Analysis form fields.)

Fundamental Tones displays and edits information for top level tones in the circuit.

Beat Frequency, Beat Period, and Auto Calculate determine whether the pss
analysis uses Beat Frequency or Beat Period.

Output Harmonics selects and defines output harmonics.

Accuracy Defaults quickly adjusts simulation parameters.

Oscillator defines the simulation for an oscillator circuit. (Displays additional fields to
specify oscillator analysis.)

Sweep selects swept PSS analysis. (Displays additional fields to specify sweep.)
Enabled includes this analysis in the next simulation.

Options displays the PSS Options form.

Modifications to PSS Form for Oscillator Analysis

Oscillator Node and Reference Node specify how the PSS oscillator analysis is
performed.

Modifications to PSS Form for Swept PSS Analysis
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Sweep, Sweep Range, Sweep Type, and Add Specific Points specify how the PSS
sweep is performed.

Quasi-Periodic Steady State (QPSS) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight gpss to display the Quasi-
Periodic Steady State Analysis form fields.)

Fundamental Tones displays and edits information for top level tones in the circuit.

View Harmonics displays output harmonics. (Displays additional fields to specify
harmonics.)

Accuracy Defaults quickly adjusts simulation parameters.

Sweep selects swept QPSS analysis. (Displays additional fields to specify sweep.)
Enabled includes this analysis in the next simulation.

Options displays the QPSS Options form.

Modifications to QPSS Form to Display and Select Harmonics

View Harmonics displays available harmonics and From and To fields for selection.

Modifications to QPSS Form for Swept QPSS Analysis

Sweep, Sweep Range, Sweep Type, and Add Specific Points specifies how the
QPSS sweep is performed.

Envelope Following (Envip) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight envlp to display the Envelope
Following Analysis form fields.)

Clock Name and Select Clock Name Selects the clock signal for the Envlp analysis.

Stop Time Specifies the end time for the Envlp analysis.

Output Harmonics selects and defines output harmonics.

Accuracy Defaults quickly adjusts simulation parameters.
Enabled includes this analysis in the next simulation.

Options displays the Envilp Options form.
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Periodic AC (PAC) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight pac to display the Periodic AC
Analysis form fields.)

PSS Beat Frequency (Hz) displays the Beat Frequency for the associated PSS
analysis.

Sweeptype, Frequency Sweep Range, Sweep Type, and Add Specific Points
sets up the sweep for the small signal analysis.

Sidebands selects the set of periodic small-signal output frequencies of interest.
Enabled includes this analysis in the next simulation.

Options displays the PAC Options form.

Modifications to PAC Form for Swept PSS Analysis

Sweeptype, Frequency Sweep Range, Single-Point, and Freq specify the
frequency for the small signal analysis that follows each swept PSS analysis.

Periodic Noise (Pnoise) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight pnoise to display the Periodic
Noise Analysis form fields.)

PSS Beat Frequency (Hz) displays the Beat Frequency for the associated PSS
analysis.

Sweeptype, Frequency Sweep Range, Sweep Type, and Add Specific Points
sets up the sweep for the small signal analysis.

Sidebands selects the set of periodic small-signal output frequencies of interest.

Output, Input Source, and Reference Side-Band selects the output, noise
generator, and reference sidebands for the PNOISE analysis. (Displays additional fields.)

Noise Type selects the type of noise to compute. (Active only when PSS analysis is not
swept.)

Enabled includes this analysis in the next simulation.
Options displays the Pnoise Options form.
Modifications to Pnoise Form for Swept PSS analysis

Sweeptype, Frequency Sweep Range, Single-Point, and Freq specify the
frequency for the small signal analysis that follows each swept PSS analysis.
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(Noise Type is not active when PSS analysis is swept.)

Periodic Transfer Function (PXF) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight pxf to display the Periodic
Noise Analysis form fields.)

PSS Beat Frequency (Hz) displays the Beat Frequency for the associated PSS
analysis.

Sweeptype, Frequency Sweep Range, Sweep Type, and Add Specific Points
sets up the sweep for the small signal analysis.

Sidebands selects the set of periodic small-signal output frequencies of interest.
Output selects the output.

Enabled includes this analysis in the next simulation.

Options displays the PXF Options form.

Modifications to PXF Form for Swept PSS Analysis

Sweeptype, Frequency Sweep Range, Single-Point, and Freq specify the
frequency for the small signal analysis that follows each swept PSS analysis.

Periodic S-Parameter (PSP) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight psp to display the Periodic S-
Parameter Analysis form fields.)

Sweeptype, Frequency Sweep Range, Sweep Type, and Add Specific Points
sets up the sweep for the small signal analysis.

Select Ports selects the active ports for the PSP analysis.

Do Noise selects whether or not to measure noise during the PSP analysis.
Enabled includes this analysis in the next simulation.

Options displays the PSP Options form.

Modifications to PSP Form for Swept PSS Analysis

Sweeptype, Frequency Sweep Range, Single-Point, and Freq specify the
frequency for the small signal analysis that follows each swept PSS analysis.
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Quasi-Periodic Noise (QPnoise) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight gpnoise to display the Quasi

Periodic Noise Analysis form fields.)

Frequency Sweep Range, Sweep Type, and Add Specific Points sets up the
sweep for the small signal analysis.

Sidebands selects the set of periodic small-signal output frequencies of interest.

Output, Input Source, Reference Side-Band, and refsidebandoption selects the

output, noise generator, reference sidebands, and refsidebandoption for the QPnoise
analysis. (Displays additional fields.)

Enabled includes this analysis in the next simulation.
Options displays the QPnoise Options form.
Modifications to QPnoise Form for Swept QPSS Analysis

Frequency Sweep Range, Single-Point, and Freq specify the frequency for the
small signal analysis that follows each swept QPSS analysis.

Quasi-Periodic AC (QPAC) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight gpac to display the Quasi
Periodic AC Analysis form fields.)

Frequency Sweep Range, Sweep Type, and Add Specific Points sets up the
sweep for the small signal analysis.

Sidebands selects the set of periodic small-signal output frequencies of interest.
Enabled includes this analysis in the next simulation.

Options displays the QPnoise Options form.

Modifications to QPAC Form for Swept QPSS Analysis

Frequency Sweep Range, Single-Point, and Freq specify the frequency for the
small signal analysis that follows each swept QPSS analysis.

Quasi-Periodic Transfer Function (QPXF) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight gpxf to display the Quasi-
Periodic XF Analysis form fields.)
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Frequency Sweep Range, Sweep Type, and Add Specific Points sets up the
sweep for the small signal analysis.

Sidebands selects the set of periodic small-signal output frequencies of interest.
Output selects the output.

Enabled includes this analysis in the next simulation.

Options displays the QPXF Options form.

Modifications to QPXF Form for Swept QPSS Analysis

Frequency Sweep Range, Single-Point, and Freq specify the frequency for the
small signal analysis that follows each swept QPSS analysis.

Quasi-Periodic S-Parameter (QPSP) Choosing Analysis Form

Analysis selects the type of analysis to set up. (Highlight gpsp to display the Quasi
Periodic S-Parameter Analysis form fields.)

Sweeptype, Frequency Sweep Range, Sweep Type, and Add Specific Points

sets up the sweep for the small signal analysis.

Select Ports selects the active ports for the QPSP analysis.

Do Noise selects whether or not to measure noise during the QPSP analysis.
Enabled includes this analysis in the next simulation.

Options displays the QPSP Options form.

Modifications to QPSP Form for Swept QPSS Analysis

Sweeptype, Frequency Sweep Range, Single-Point, and Freq specify the
frequency for the small signal analysis that follows each swept QPSS analysis.

Option Forms

PSS Analysis Options Form

Time Step Parameters define the time step used for the PSS analysis.

Initial Condition Parameters define the initial conditions for the PSS analysis.

Convergence Parameters provide an initial transient solution and minimum
capacitance for the PSS analysis.

November 2004 231 Product Version 5.1.41



SpectreRF Simulation Option User Guide
SpectreRF Simulation Form Reference

State File Parameters provides the locations of files associated with the PSS analysis.

Integration Method Parameters define the integration method used for the PSS
analysis.

Accuracy Parameters define the level of accuracy to use for the PSS analysis. Enable/
disable/refine use of the Finite difference method of the PSS analysis.

Annotation Parameters define statistics and other information recorded and displayed
for the PSS analysis.

Output Parameters defines information related to the results of the PSS analysis.

Newton Parameters defines information about the Newton iterations and previous DC
solution for the PSS analysis.

Simulation Interval Parameters define the start time for the initial transient analysis
for this PSS analysis.

QPSS Analysis Options Form

Time Step Parameters define the time step used for the QPSS analysis.

Initial Condition Parameters define the initial conditions for the QPSS analysis.

Convergence Parameters provide an initial transient solution and minimum
capacitance for the QPSS analysis.

State File Parameters provides the locations of files associated with the QPSS
analysis.

Integration Method Parameters define the integration method used for the QPSS
analysis.

Accuracy Parameters define the level of accuracy to use for the QPSS analysis.

Annotation Parameters define statistics and other information recorded and displayed
for the QPSS analysis.

Output Parameters defines information related to the results of the QPSS analysis.

Newton Parameters defines information about the Newton iterations and previous DC
solution for the QPSS analysis.

Simulation Interval Parameters define the start time for the initial transient analysis
for this QPSS analysis.
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Envelope Following Analysis Options Form

Simulation Interval Parameters defines the start time, output start time, and the
stabilization time period for the Envlp analysis.

Simulation Bandwidth Parameters define the modulation bandwidth for the Envip
analysis.

Time Step Parameters define the time step and the outer envelope size used for the
Envip analysis.

Initial Condition Parameters define the initial conditions for the Envlp analysis.

Convergence Parameters provide an initial transient solution and minimum
capacitance for the Envlp analysis.

State File Parameters provides the locations of files associated with the Envip
analysis.

Integration Method Parameters define the integration method used for the Envip
analysis.

Accuracy Parameters define the level of accuracy to use for the Envlp analysis.

Annotation Parameters define statistics and other information recorded and displayed
for the Envlp analysis.

Output Parameters defines information related to the results of the Envlp analysis.

Newton Parameters defines information about the Newton iterations and previous DC
solution for the Envlp analysis.

Periodic Small-Signal Analyses Options Forms

Convergence Parameters provide convergence information for the small signal
analysis.

Annotation Parameters define statistics and other information recorded and displayed
for the small signal analysis.

Output Parameters defines information related to the results of the small signal
analysis.

Quasi-Periodic Small-Signal Analyses Options Forms

Convergence Parameters provide convergence information for the small signal
analysis.
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Annotation Parameters define statistics and other information recorded and displayed
for the small signal analysis.

Output Parameters defines information related to the results of the small signal
analysis.

Direct Plot Form

See Direct Plot Form on page 191 for information on using the Direct Plot Form.

See Field Descriptions for the Plot Form on page 199 for descriptions of fields on the
Direct Plot Form.

ACPR Wizard

Clock Name Specifies the clock signal for the Envlp analysis

How to Measure Selects whether to measure ACPR for a single net or between two
differential nets.

Channel Definitions Select one of three channel definitions: Custom, 1S-95 or W-
CDMA.

Main Channel Width Specify channel width in Hz.

Adjacent frequencies list box Specifies the adjacent channel frequencies. Us the
Add, Change and Delete buttons and the editing fields to modify adjacent frequencies.

Simulation Control Enter the Stabilization Time and Repetitions in the adjacent
fields.

Resolution Bandwidth (Hz) and Calculate Click Calculate to determine the
Resolution Bandwidth.

Windowing Function Selects the windowing function to use.
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This chapter tells you how to set up your software so you can follow the instructions and run
the examples in the chapters about simulating specific components.

Setting Up the Software

Before you perform the SpectreRF simulator analyses, you must set up the component files
and start the Cadence® software.

Copying the SpectreRF Simulator Examples

Copy the rfExamples library into your account so that you can edit the sample design.

The library is located at
<CDSHOME>/t ool s/ df I | / sanpl es/ arti st/rfExanpl es

where CDSHOME is the installation directory for your Cadence software.

Setting Up the Cadence Libraries

The Cadence Libraries are defined in the UNIX text file cds. | i b. You can edit this file in a
UNIX shell window or by using the Library Path Editor while running the Cadence software.
Using a UNIX Shell Window

To set up the libraries in a UNIX shell window, use the following procedure:

1. In a UNIX shell window, open the cds. | i b file for editing using vi, emacs or a similar
text editor.

The cds. | i b file is in your installation directory.
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2. Inthe cds. | i b file, specify definitions for the basi c, anal ogLi b, sanpl e, and
spectreSModel s libraries. In addition, define a user library where the sample circuits
can be tested. The definitions in the cds. | i b file look like the following:

DEFINE rf _test ny dir/rf_test
DEFI NE basi ¢ <CDSHOME>/t ool s/ dfl1/etc/cdslib/basic
DEFI NE anal ogLi b <CDSHOME>/t ool s/dfl1/etc/cdslib/artist/anal ogLib
DEFI NE sanpl e <CDSHOME>/t ool s/ df 11/ sanpl es/ cdsli b/ sanple
DEFI NE spectreShdel s <CDSHOME>/t ool s/ df I | / sanpl es/ arti st/
spect r eShbdel s

You can label your test library any name you choose. This example assumes that you
have called the library r f _t est . The name my_di r represents the directory into
which you copied the design library.

You must use the names basi ¢, sanpl e, anal ogLi b, andspectreSModel s.
You cannot rename those four libraries.

Using the Library Path Editor
To access the Library Path Editor, use the following procedure.
1. In a UNIX window, type i cns to start the Cadence software.
The Command Interpreter Window (CIW) appears.
2. Inthe CIW, choose Tools — Library Path Editor.
The Library Path Editor form appears.
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3. In the Library Path Editor, follow the instructions at the bottom of the form.

—| Library Fath Editor: /homesbelindascds lib [Mamespace COEAT] -

File Edit View Help
Libranes
Library Fath
rfLih ACDSHOME ftonl = /dETIT samples fartiskcfLib
basic ACOSHOME ftools /AAfTIT ete fedslihfhasic
15 Bths ACDSHOME ftonl 2 /dETIT ete fedslibfaheets TS Bths
gampls #CDSHOME ftools /dEIT s=mples fodzlibfsampls
gpectresiode RCOSHOME ftools/dfIT s=mples, zrtist/spectresiodels
ahdlLih #CDSHOME ftools /dEIT s=mples fartisk shdllihb

myy _cfExample /hones/belindasmy libs/rEExanpleas

analoglib #CDSHOME ftools /dEIT ete fodslibfartist fanaloglib
rfEx=mples | 2CDSHOME tools/dEII ¢=mples artist/cfExamples
paegsivelib HCDSHOME ftools /dEfIT s=mples S artist/passiwelib

[

To add & nevr library definition, type the name in the Lbrary column and the path
10 the library M the Fath column. Fress RETURHN 10 continue adding libranes.
1 Yhen done, select the menu ‘Hle - 3awve <57 to save ywour edits.

4. Type in each required library and its associated path. See the previous section for a list
of the required libraries.

Library Conversion of SpectreS Libraries

If you have libraries that you have been using with SpectreS simulation, you need to convert
them before you can use them with Spectre direct simulation. To learn more about the
necessary conversion, see the information about library conversion in the Compatibility
Guide.
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To use this chapter, you must be familiar with the SpectreRF simulator analyses as well as
know about mixer design. For more information about the SpectreRF simulator analyses, see

Chapter 1.

The SpectreRF simulator can simulate circuits, such as mixers, that show frequency
conversion effects. This chapter uses a commercially available integrated circuit mixer, the
ne600p, configured as a down converter to illustrate how the SpectreRF simulator can
determine the characteristics of your design. The ne600p circuit examples illustrate both the
capabilities and the requirements of the SpectreRF simulator. The examples show you how
to perform a simulation with an RF to IF ratio of almost 12 to 1. The examples also show you
how to be sure that all time-varying independent signal sources have a common integral
multiple (40 MHz in this case).

In the mixer examples, you plot the following nonlinear characteristics of the ne600p mixer:

Measurements Analyses
Harmonic distortion PSS
Noise figure PSS and Pnoise
Noise figure PSS and PSP
Periodic S-parameters PSS and PSP
Conversion gain PSS and PXF
Power supply rejection PSS and PXF
1 dB compression point Swept PSS
Intermodulation distortion Swept PSS
Third-order intercept point Swept PSS and PAC
Intermodulation distortion QPSS

Noise figure

QPSS and QPnoise
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In order to make these measurements, you run one of the following combination of analyses.

m A Periodic Steady-State analysis (PSS), and the following periodic small-signal
analyses: Periodic AC (PAC) analysis, Periodic Transfer Function (PXF) analysis,
Periodic Noise (Pnoise) analysis, and Periodic S-Parameter (PSP) analysis.

m A Quasi-Periodic Steady-State (QPSS) Analysis, and the quasi-periodic small-signal
analysis: Quasi-Periodic Noise (QPnoise) analysis.

The ne600p Mixer Circuit

The ne600p integrated circuit is commercially available and is designed for low power
communication systems from 800-1200 MHz. The receiver is a single balanced mixer
containing four bipolar transistors. the schematic for the ne600p mixer circuit is shown in

Figure 4-1.

Figure 4-1 Schematic for the ne600p Mixer Circuit
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The high-level local oscillator (LO) signal (~0 dBm at 50 Ohms) enters through the emitter

follower g57. The transistor 56 is in common base configuration. The g56 emitter follows the
g57 emitter. When the LO signal goes high, both emitters also go high and the B-E voltage
on 56 decreases. As a result, the two BJTs form a balanced pair.
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The collector currents of 56 and q57 are 180 degrees out of phase. The 958 pair feed the
low-level (-30 to -20 dBm) RF signal to the balanced pair. The IF signal is drawn from the open
collector output of g56 through a bandpass passive network.

The following tables list some measured values for different aspects of the ne600p mixer.

Measurement Measured
LO frequency (Hz) 1 GHz
RF frequency (Hz) 920 MHz
IF frequency (Hz) 80 MHz
LO power 0 dBm
RF power -30 dBm
Conversion gain -2.6 dB
Noise figure 16 dB
Input 1dB compression point -4 dBm
Input IP3 (from swept power) 6 dBm
Input IP3 (from PAC analysis) 6 dBm

Design Variable

Default Value

prf (RF power) -30 dBm
vlo (LO magnitude) 316.2 m
frf (RF frequency) 920 MHz
flo (LO frequency) 1 GHz

Before you use the ne600p circuit from the sample library, be sure that the frf design variable
is set to the appropriate value, either 920 MHz or 900 MHz, depending on the simulation. If
you adjust the RF frequency to the center of the IF tuned circuit, approximately 100 MHz, the
conversion gain becomes -2.57dB and the other values change slightly

Simulating the ne600p Mixer

Before you start, perform the setup procedures described in Chapter 3, “Setting Up for the
Examples.”
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Opening the ne600p Mixer Circuit in the Schematic Window.
1. In the CIW, choose File — Open.

The Open File form appears.

2. Inthe Open File form, choose my_rfExamples in the Library Name menu. Choose the

editable copy of the rfExamples library you created as described in Chapter 3, “Setting
Up for the Examples.”

3. Choose ne600p in the Cell Names list box.

The completed Open File form appears like the one below.

4. Click OK.
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The Schematic window for the ne600p mixer appears.

' : R i

i

L0 30
G= T

Flo

A

P

[

LL.-‘:
=

5. In the Schematic window, choose Tools— Analog Environment.
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The Simulation window opens. This window is also called the Cadence® Analog Circuit
Design Environment.

You can also use Tools — Analog Environment — Simulation in the CIW to open the
Simulation window without opening the design. You can open the design later by
choosing Setup — Design in the Simulation window and choosing the ne600p in the
Choosing Design form.

Choosing Simulator Options
1. Choose Setup — Simulator/Directory/Host in the Simulation window.
The Simulator/Directory/Host form appears.
2. In the Simulator/Directory/Host form, specify the following:
a. Choose spectre for the Simulator.

b. Type the name of the project directory, if necessary.
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c. Highlight the local or the remote button to specify the Host Mode.

For remote simulation, type the name of the host machine and the remote directory in
the appropriate fields.

The completed form appears like the one below.

3. In the Simulator/Directory/Host form, click OK.
4. In the Simulation window, choose Outputs — Save All.

The Save Options form appears.
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5. In the Select signals to output section, be sure allpub is highlighted.

Setting Up Model Libraries
1. In the Simulation window, choose Setup — Model Libraries.
The Model Library Setup form appears.

2. Inthe Model Library File field, type the full path to the model file including the file name,
r f Model s. scs.

3. In the Model Library Setup form, click on Add.
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The completed form appears like the one below.

4. In the Model Library Setup form, click OK.

5. Disable any analyses you ran previously.

Setting Design Variables

In the Simulation window, use the following procedure to set up the design variables f r f and
f I o to the values required for each simulation. (See the description of each simulation for the
required value.)

1. Highlight the f r f in the Design Variable list box.
2. Choose Variables — Edit.
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The Editing Design Variables form appears.

Ok | l'_‘am:EI| Apply |A|1|:|I'3r & Run Simukation Halp
Selected Yariable Tahle of Design Variahles
L £xf - Name LT
Vaiue (Ex 3000 1  ifres 50 i
B3 2 e 450
3 rc 1K
fudd | Delete {:hange| Hext| L':Iear| Flnd| 1 prf -0
> ¥lo 316.2n
Cellview Vanahies  Copy Fru'n| Copy T|:|| f Ilo 16

In the Value (Expr) field, type 900M(or 920M) for the value of f r f and click Change.
Highlight f | o in the Table of Design Variables list box.
In the Value (Expr) field, type 1Gfor the value of f | o and then click Change.

SR

In the Editing Design Variables form, click OK.

Harmonic Distortion Measurement with PSS

In this first example, a single PSS analysis determines the harmonic distortion of the mixer.

Setting Up the Simulation

1. If necessary, open the ne600p mixer circuit.

2. If necessary, specify the full path to the model file in the Model File Set-up form.

3. In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is
enabled.)
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4. If necessary, setthe design variablesf r f to 920Mandf | o to 1G (Check the Simulation
window to verify the current design variable values.)

Editing the Schematic

A critical part of this analysis is the correct use of the programmable voltage sources in the
ne600p circuit. The RF voltage source is based on the port sample component. You must
change the behavior of this component for each analysis.

1. Choose Edit — Properties — Objects in the Schematic window.

The Edit Object Properties form appears. You use this form to change the list of CDF
(component description format) properties for the rf voltage source and modify the
schematic for this simulation.
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2. In the Schematic window, click on the rf voltage source.

Frf
e

The Edit Object Properties form changes to display information for the voltage source.

3. In the Edit Object Properties form, be sure that sine is specified as the Source type.

A portion of the completed Edit Object Properties form for the rf port appears like the one
below:

4. In the Edit Object Properties form, click OK.

5. In the Schematic window, choose Design — Check and Save.

Setting Up the PSS Analysis

1. Choose Analyses — Choose in the Simulation window.
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The Choosing Analyses form appears.
2. In the Choosing Analyses form, click on pss.

3. Inthe Fundamental Tones list box, Beat Frequency is highlighted by default. Be sure
Auto Calculate is also highlighted.

The Beat Frequency is now displayed. The 40Mvalue is the minimum period for which
both RF at 920 MHz and the LO at 1 GHz are periodic (or for which RF and LO are
integer multiples of the fundamental frequency).

4. In the Output harmonics cyclic field, choose Number of harmonics. Type 30 in the
number of harmonics field.

This entry expands the plotted frequency range to include the areas of interest around
both40 MHz and 1 GHz. (30 x40 MHz equals 1. 2 GHz,or0to 1. 2 GHz, and includes
all important frequencies.)
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The top of the PSS Choosing Analyses form is as follows.

5. Highlight moderate for the Accuracy Defaults (errpreset) setting.

6. Verify that Enabled is highlighted
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The bottom of the PSS Choosing Analyses form is as follows.

7. Click OK.

Running the Simulation
1. To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation as it runs.

2. Look in the CIW for a message that says the simulation completed successfully.

Plotting and Calculating Harmonic Distortion
0 Choose Results — Direct Plot — Main Form in the Simulation window.

The Direct Plot form appears.

In the Direct Plot form, do the following:
1. Highlight Append for Plot Mode.
2. Highlight pss for Analysis.
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3. Highlight Voltage for Function.

4. Select Differential Nets in the Select cyclic field to plot voltage against frequency.
(Notice that the message at the bottom of the form changes.)

5. Highlight spectrum for Sweep.

6. Highlight peak for Signal Level.
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7. Highlight dB20 for Modifier.

8. To plot the voltage against frequency, click on the Pif and Prf wires in the Schematic
Window.
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a. Following the instructions at the bottom of the Direct Plot Form
Sel ect Positive Net On Schematic...

Select the positive net, Pif, on the schematic.

Pif is highlighted in the schematic window and the instructions at the bottom of the
Direct Plot form change.

b. Following the instructions at the bottom of the Direct Plot Form
Select Negative Net on schematic...

Select the negative net, Prf, on the schematic.

Prf is highlighted in the schematic window.
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The Waveform Window display appears like the one below.
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9. Measure Vi f at 80, 160, and 240 MHz by placing the cursor at the top of the
appropriate lines in the plot. The X and Y values appear at the top left corner of the
Waveform window.

10. Calculate the total harmonic distortion (THD) with the following formula:

THD = dB10[(h4)° + (h6)] — dB20(h2)

where
h2is80 MHz (Vif is-45.43 dB)
h4 is 160 Mz (Vi f is-104.8 dB)
h6 is 240 MHz (Vi f is-114.8 dB)
The value of THDis - 61. 0 dB.

November 2004 257 Product Version 5.1.41



SpectreRF Simulation Option User Guide
Simulating Mixers

Noise Figure Measurement with PSS and Pnoise

You can combine a PSS analysis with a small-signal Pnoise analysis to determine the noise
figure for the ne600p circuit.

Pnoise analysis calculates the total noise at the output of the circuit. The equation for the
Noise Figure is given in the SpectreRF Theory document. The SpectreRF Pnoise analysis
computes the single sideband noise figure (- 1 in this case). The total noise can vary with the
number of harmonics you choose because each harmonic contributes a noise component.

Setting Up the Simulation

1. If necessary, open the ne600p mixer circuit.

2. If necessary, specify the full path to the model file in the Model File Set-up form.

3. In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is

enabled.)
Analyses
§# Type Arogpments. . ... oiiiiinn s Enable
1 pss 40M 30 no

In this figure, the analysis is disabled.
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4. If necessary, setthe design variablesf r f to 920Mandf | o to 1G (Check the Simulation
window to verify the current design variable values.)

Design Varahles

# Name Value

2 re 450 S
3 rc 1K

4 prf -30

L wlo 316. 2

6 frf 920M

7 flo 16

Editing the Schematic

Modify the schematic to be sure the PSS analysis is the response of the ne600p mixer to only
the LO signal.

1. Choose Edit — Properties — Objects in the Schematic window.

The Edit Object Properties form appears. You use this form to change the list of CDF
properties and modify the schematic for this simulation.

2. In the Schematic Window, click on the rf voltage source.
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3. Inthe Edit Object Properties form, choose dc as the Source type, if necessary, and click
OK.

4. In the Schematic window, choose Design — Check and Save.

Setting up the PSS and Pnoise Analyses

0 Inthe Simulation window, choose Analyses — Choose.

The Choosing Analyses form appears.

Setting Up the PSS Analysis
1. In the Choosing Analyses form, click on pss for the Analysis.
2. At the lower right corner of the Fundamental Tones section, highlight Auto Calculate.

The Beat Frequency is now displayed as 1G The Beat Frequency button is
highlighted by default.

3. Inthe Output harmonics cyclic field, choose Number of harmonics and type O in the
field.

Pnoise requires that you set the number of harmonics value to O to determine the circuit’s
response to LO only.
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The top of the PSS Choosing Analyses form appears as follows.

4. Highlight moderate for the Accuracy Defaults (errpreset) setting.

5. Highlight Enabled.
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The bottom of the PSS Choosing Analyses form appears as follows.

Setting Up the Pnoise Analysis
1. Atthe top of the Choosing Analyses form, highlight pnoise.
The Choosing Analyses form changes to let you specify data for a Pnoise analysis.
2. In the Frequency Sweep Range (Hz) cyclic field, choose Start-Stop.
3. Type 1Kin the Start field and 2Gin the Stop field.

This frequency range covers the frequencies of interest, but avoids the value 0. You
cannot include the value 0 in a logarithmic sweep.

4. Inthe Sweep Type cyclic field, choose Logarithmic for the sweep type, highlight Points
Per Decade and type 10 in the Points Per Decade field.

5. Inthe Sidebands cyclic field, choose Maximum sideband and type 30 for the number
of sidebands.

With this setting, you specify that 30 sidebands contribute noise to the output. The value
is taken from the first example (PSS analysis only) in this chapter.
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The top of the Pnoise Choosing Analyses form looks as follows.

6. In the Output cyclic field, choose voltage for the Output value.

7. Highlight the Positive Output Node Select button. Then click on the appropriate wire
in the Schematic window to choose Pif.

/ Pi f appears in the Positive Output Node field.
8. Leave the Negative Output Node field empty.

This field defaults to / gnd! You can set the Negative Output Node to a different value
by clicking on the Negative Output Node Select button and then choosing the output
node in the schematic.

9. In the Input Source cyclic field, choose voltage.
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10. Click on the Input Voltage Source Select button. Then click on the appropriate
component in the Schematic window to choose rf.

/ r f appears in the Input Voltage Source field.
11. In the Reference Side-band cyclic field, choose Enter in field.
12. Type - 1 in the Reference Sideband field.

In this field, you specify the difference between the input and output frequencies in the
whole frf. The Reference Sideband must be - 1 because this is a down converter.
Other possible choices are 0 and +1.
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The bottom of the Pnoise Choosing Analyses form looks as follows.

13. Highlight Enabled.
14. Click OK.
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Running the Simulation
1. To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation as it runs.

2. Look in the CIW for a message that says the simulation completed successfully.

Plotting the Noise Figure

0  To open the Direct Plot form, choose Results — Direct Plot — Main Form in the
Simulation window.

In the Direct Plot form, do the following:
1. Highlight Replace for Plot Mode.
2. Highlight pnoise for Analysis.
3. Highlight Noise Figure for Function.
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The completed Direct Plot form appears like the one below.

4. Follow the prompt at the bottom of the form
Press plot button on this form..

Click on Plot in the Direct Plot form.

The plot appears in the Waveform window.
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The Waveform window displays the noise figure:
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5. To determine the noise figure at different frequencies, move the cursor along the noise
figure curve in the Waveform window. In the above plot, the noise figure is 12. 22 dB at
80 MHz.

Noise Figure Measurement and Periodic S-Parameter
Plots with PSS and PSP

The periodic S-Parameter (PSP) analysis computes scattering and noise parameters for n-
port circuits that exhibit frequency translation. Such circuits include mixers, switched-
capacitor filters, samplers, phase-locked loops, and similar circuits.

In this example you follow a large-signal PSS analysis with a small-signal PSP analysis to
analyze noise folding terms induced by the RF input for the ne600p mixer circuit.

This PSP analysis computes
m  Periodic S-parameters
m  Periodic noise correlation matrices

= Noise figure
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m  Equivalent noise parameters

The PSP analysis is a small-signal analysis like the SP analysis, except that, as is true for
PAC and PXF analysis, the circuit is first linearized about a periodically varying operating
point as opposed to a simple DC operating point. Linearizing the circuit about a periodically
time-varying operating point allows for the computation of S-parameters between circuit ports
that convert signals from one frequency band to another.

The PSP analysis can also calculate noise parameters in frequency-converting circuits. PSP
computes noise figure (both single-sideband and double-sideband), input referred noise,
equivalent noise parameters, and noise correlation matrices. The noise features of the PSP
analysis include noise folding effects due to the periodically time-varying nature of the circuit.
This is also true for the Pnoise analysis, but not for the SP analysis.

Setting Up the Simulation

1. If necessary, open the ne600p mixer circuit.

2. If necessary, specify the full path to the model file in the Model File Set-up form.

3. In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is

enabled.)
Analyses
§# Type Arguwents. . ... .. .. Enable
1 pnoise 30 1K 26 10 no
2 pss 16 0 no
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4. If necessary, setthe design variablesf r f to 900Mandf | o to 1G (Check the Simulation
window to verify the current design variable values.)

Design Variables

# Nawme Value
2 re 450

3 Xc 1K

4 prf -30

5 wlo 316 . 2
6 frf 900M
7 flo 16

Editing the Schematic

The rf source used in the ne600p mixer circuit has a Source type property that you can set
to either sine or dc depending on your application. Suppose that your RF input signal is at
900 MHz, the LO is at 1 GHz, and the IF is at 100 MHz. Before you perform a PSP analysis,
you must first perform a PSS analysis.

= In many cases for small-signal analysis, it is sufficient to treat the RF input as a small-
signal. For example, most gain measurements are performed under small-signal
conditions in which case you set the Source type to dc.

= Whenitis important to analyze additional noise folding terms induced by the rf input, you
treat the rf source as a large signal in which case you set the Source type to sine.

See Appendix L, “Using PSP and Pnoise Analyses” for more information.

In this example, you assume the rf source is a large signal so you edit the rf port on the
schematic and set the Source type parameter to sine.

1. Choose Edit — Properties — Objects in the Schematic window.

The Edit Object Properties form appears. You use this form to change the list of CDF
properties and modify the schematic for this simulation.

2. In the Schematic window, click on the rf voltage source.

The Edit Object Properties form changes to display information for the voltage source.

November 2004 270 Product Version 5.1.41



SpectreRF Simulation Option User Guide
Simulating Mixers

3. In the Edit Object Properties form, choose sine as the Source type, if necessary, and
click OK.

CDF Parameter Value
Resistance 50 Ohns
Fort. number 1
DC voltage
Source type sine
Frequency name 1 fri
Frequency 1 frf Hz

Srrmiiasde b VARG
Amplitude 1 (dBm) prf
Phase for Sinusoid 1 |
3ine DC level

Delay time

Display second sinusoid

4. In the Schematic window, choose Design — Check and Save.

Setting up the PSS and PSP Analyses

Use the Choosing Analyses form, to set up two analyses, first PSS then PSP.
0 Choose Analyses — Choose in the Simulation window.

The Choosing Analyses form appears.

Setting Up the PSS Analysis
1. At the top of the Choosing Analyses form, highlight pss.
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2. In the Fundamental Tones list box, be sure the Auto Calculate button is highlighted.

The Beat Frequency is now displayed. (The Beat Frequency button is highlighted by
default.) The 100 M value for beat frequency is the minimum period for which both RF at
900 MHz and LO at 1 GHz are periodic (or for which RF and LO are integer multiples of
the fundamental frequency).

3. In the Output harmonics cyclic field, choose Number of harmonics. Type 30 in the
Number of harmonics field.

This entry expands the plotted frequency range to include the areas of interest around
both 100 MHz and 1 GHz. (30 x 100 MHz equals 3GHz, or 0 to 3GHz, and includes all
important frequencies.)

4. Highlight moderate for the Accuracy Defaults (errpreset) setting.

5. Be sure the Enabled button is highlighted.
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The top of the correctly filled out form appears below.

Perindic Steady State Analysis

Fundamenial Tones

# Nawme Expr Value Sirmal SroTd
1 flo Ilo 1G Moderate lo
2 ifrtf irf 111 Moderate rf
I v Moderale
ClearfAdd Delete Update From schematic
¥ Beat Frequency 1 nm futo Calculate |
Beat Period

Output harmonics

30

Mumber of hammonics

Accuracy Defaults (enpreset)
conzervative W moderate liheral

6. Click Apply to check the information you entered in the PSS Choosing Analyses form for
pss.
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Correct any errors.

Setting Up the PSP Analysis
1. In the Analysis section at the top of the Choosing Analyses form, highlight psp.
The Choosing Analyses form changes to let you specify data for the PSP analysis.
2. In the Sweeptype cyclic field, choose relative.

The Sweeptype parameter controls the way that frequencies are swept in the PSP
analysis. When you specify a relative sweep, the sweep is relative to the analysis
harmonics (not the PSS fundamental frequency).

For PSP analysis, the frequencies of the input and response are usually different. This is
an important difference between the PSP and SP analyses. Because the PSP
computation involves inputs and outputs at frequencies that are relative to multiple
harmonics, the f r eqaxi s and sweept ype parameters behave somewhat differently in
PSP analysis than they behave in PAC and PXF analyses.

3. Inthe Frequency Sweep Range (Hz) cyclic field, choose Start-Stop and type - 20M
in the Start field and 30Min the Stop field.

The PSP analysis is performed from 20 MHz below the RF center frequency to 30 MHz
above it. This frequency range accounts for inputs on the rf port in the range of -920 MHz
to -870 MHz. Noise parameters (such as noise figure) are computed in a 50 MHz band
around the frequency specified by the output harmonic.

4. Leave the Sweep Type cyclic field set to Automatic.
5. Highlight Select Ports to select the input and output ports on the schematic.

0  The first port, the input port, is the rf port.
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0 The second port, the output port, is the rif port.

6. Select the input port.
a. Type 1 in the first field, the Port# field. It is directly above the Select Port button.

b. Click Select Port and follow the prompt at the bottom of the Schematic window.

Sel ect source...

c. In the Schematic window, click on the appropriate port to choose / r f .
/ rf appears in the Name field.

d. Click Choose Harmonic.

November 2004 275 Product Version 5.1.41



SpectreRF Simulation Option User Guide
Simulating Mixers

e. The Choose Harmonic form displays with a list of harmonics (by index and
frequency) for the rf port.

f. In the Choose Harmonic form, scroll through the list and highlight the harmonic with
index - 9.

g. Click OK.

The Choose Harmonic form closes. In the Select Ports area of the Choosing
Analyses form, - 9 displays in the Harm. field .

h. Inthe Select Ports area, click Add.
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Information for the input port displays in the Select Ports list box.

7. Select the output port.

a. Type 2 in the first field, the Port# field. It is directly above the Select Port button.

b. Click Select Port and follow the prompt at the bottom of the Schematic window.

Sel ect source...

c. In the Schematic window, click on the appropriate port to choose / ri f.
[ rif appears inthe Name field.

d. Click Choose Harmonic.
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e. The Choose Harmonic form displays with a list of harmonics (by index and
frequency) for the rif port.

f. In the Choose Harmonic form, scroll through the list and highlight the harmonic with
index 1.

g. Inthe Choose Harmonic form, click OK.

h. The Choose Harmonic form closes. In the Select Ports area of the Choosing
Analyses form, 1 displays in the Harm. field .

i. Inthe Select Ports area, click Add.
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Information for the output port is added to the Select Ports list box.

|

i AN

1 =t [
_Select Port | Chouse Hermanic | ekl | Chenge | Delete |

With the 1 GHz LO, small-signal inputs around 900 MHz (harmonics +/-9 of the PSS
fundamental) appear at around 100 MHz (or harmonics -/+1 of the fundamental). You
select harmonic 1 as the output harmonic, and harmonic -9 as the input harmonic
because a single complex-exponential input

eI wst

on the lower side of 900 MHz (harmonic -9) appears as the upper sideband of harmonic

1 at around 100 MHz.

Harmonics -9 and 1 are separated by 10 fundamental periods, which corresponds to the
LO frequency of 1 GHz.

8. Below Do Noise near the bottom of the form, highlight Yes to calculate noise parameters
as part of the PSP analysis.

9. Type 50 in the Maximum Sideband field.

Setting Maximum Sideband to 50 accounts for noise folding from up to 5 GHz in
frequency.

All noise computations in PSP analysis involve noise folding effects. The maxsideband
parameter specifies the maximum sideband to include for summing noise contributions
either up-converted or down-converted to the output at the frequency of interest.

10. Highlight Enabled.
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11. Click the Options button to display the PSP Options form.
12. Highlight out for the fregaxis parameter.

Selecting out changes the scale used for the output axis so that it runs from 80 MHz to
130 MHz.

The freqaxis parameter specifies whether the results should be output versus the
absolute value of the input frequency (absout), the input frequency (in), or the output
frequency (out).

13. Click OK in the PSP Options form.
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The completed Periodic S-Parameters Analysis section of the Choosing Analyses form
appears like the one below.
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14. In the Choosing Analyses form, click OK.

Information about the pss and psp analyses appears in the Analyses section of the
Simulation window.

Analyses
¥ Type Arguments. ... ... .0 Enable
1 psp 50 -208 30M ves
2 pss=s 100M 30 Yes

Running the Simulation

You can now run the simulation. In addition to computing the periodic S-parameters, the
periodic noise correlation matrixes are also computed, as are noise figure and the equivalent
noise parameters.

1. To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation as it runs.

2. Look in the CIW for a message that says the simulation completed successfully.

Plotting the Noise Figure

O  To open the Direct Plot form, choose Results — Direct Plot — Main Form in the
Simulation window.

In the Direct Plot form, do the following:
1. Highlight Replace for Plot Mode.
2. Highlight psp for Analysis.
The form changes to display choices appropriate for PSP analysis results.
3. Highlight NF for Function to display the Noise Figure.

The form changes to display choices appropriate for noise figure.
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The completed Direct Plot form appears like the one below.

4. Follow the prompt at the bottom of the form

Press plot button on this form..

Click Plot to display the Noise Figure.
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The plot appears in the Waveform window.

The Waveform window display appears like the one below:

— Waveform Window — Cadence® Analog Design Environmer - |_|
%:107.1M  y:15.07 MF Active B

Window Foom Axes Curves Markers Annotation Edit Tools Help

] l—I

my_rfExamples neB@8p schematic @ May 12 12:18:5
Periedic S—Parameter Response

o NF

121M 14

wouse L:awrvMouseSingleSelec M: R:schZoowFit({1.0 0.9)

5. To determine the noise figure at different frequencies, move the cursor along the noise
figure curve and observe the x and y values displayed at the top of the Waveform window.

Plotting Periodic S-Parameters

0  If necessary, open the Direct Plot form, choose Results — Direct Plot — Main Form in
the Simulation window.

In the Direct Plot form, do the following:

1. Highlight Replace for Plot Mode.
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2. Highlight psp for Analysis.
3. Highlight SP for Function to display periodic S-parameters.

The top of the completed Direct Plot form appears like the one below.

4. Highlight Z-Smith for Plot Type to display periodic S-parameters.
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The bottom of the completed Direct Plot form appears like the one below.

5. Follow the prompt at the bottom of the form
To plot, press Sij-button on this form..

Click S22 to plot output match.

Recall from basic S-parameter theory that for a 2-port circuit S22 represents the match
at port 2. In this example S22 represents the match at the if port.

The plot appears in the Waveform window.
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The Waveform window display appears like the one below:

At the center of the Smith chart (at thel), the match is perfect. The match is better as the
curve gets closer to the center of the Smith chart. Notice that frequency changes with
match. The displayed frequency and position on the Smith chart change as you move
the cursor along the curve.

The frequency where the output match is the best is approximately 105. 4MHz, and the
reflection coefficient at that frequency is 341. 2m at a phase of 9. 017 degrees

Conversion Gain Measurement with PSS and PXF

You can combine a PSS analysis with a periodic small-signal transfer function PXF analysis
to determine the conversion gain of the down converter. With changes to the plotting form,
you can also calculate the power supply rejection and local oscillator feedthrough.
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Setting Up the Simulation

1. If necessary, open the ne600p mixer circuit.

2. If necessary, specify the full path to the model file in the Model File Set-up form.

3. In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is
enabled.)

4. If necessary, setthe design variablesf r f to 920Mand f | o to 1G (Check the Simulation
window to verify the current design variable values.)

Editing the Schematic

You must modify the schematic to set the RF source to a DC source to be sure the PSS
analysis is the response of the ne600p mixer to only the LO signal.

1. Choose Edit — Properties — Objects in the Schematic window.

The Edit Object Properties form appears. You use this form to change the list of CDF
properties and modify the schematic for this simulation.

2. In the Schematic window, click on the rf voltage source.
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3. Inthe Edit Object Properties form, choose dc as the Source type, if necessary, and click
OK.

4. In the Schematic window, choose Design — Check and Save.

Setting Up the PSS and PXF Analyses
1. In the Simulation window, choose Analyses — Choose.

The Choosing Analyses form appears.

Setting Up the PSS Analysis
1. In the Choosing Analyses form, highlight pss for the Analysis.
2. In the Fundamental Tones section, be sure the Auto Calculate button is highlighted.

The Beat Frequency is now displayed as 1G LO is the only time-varying signal in the
circuit, so it becomes the fundamental frequency. The Beat Frequency button is
highlighted by default.

3. Inthe Output Harmonics cyclic field, choose Number of Harmonics and type 0 in the
Number of Harmonics field.
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The top of the PSS analysis form looks like this.

You must turn off harmonic generation because it is required to set up the subsequent
PXF analysis.

4. Highlight conservative for the Accuracy Defaults (errpreset) setting.
5. Highlight Enabled.
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The bottom of the PSS analysis form looks like this.

Setting Up the PXF Analysis
1. At the top of the Choosing Analyses form, click on pxf.
The Choosing Analyses form changes to let you specify data for the PXF analysis.

2. Inthe Frequency Sweep Range (Hz) cyclic field, choose Start — Stop, and type 1M
in the Start field and 300Min the Stop field.

This range specification leaves space between the plots, but still shows the dramatic gain
changes in the first 100 Mhz of each plot.

3. Inthe Sweep Type cyclic field, choose Linear and highlight Number of Steps. Type
50 for the Number of Steps.

Larger numbers of total points increase the resolution of the plot but also require a longer
simulation time.

4. In the Sidebands cyclic field, choose Maximum sideband and type 3 as the value.
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The top of the PXF Choosing Analyses form looks like this.

5. In the Output section, highlight voltage.

6. Click on the Positive Output Node Select button. Then click on the appropriate wire in
the Schematic window to choose Pif.

/ Pi f appears in the Positive Output Node field.
7. Leave the Negative Output Node field empty.

This field defaults to / gnd! You can set the Negative Output Node to a different value
by clicking on the Negative Output Node Select button and then choosing the output
node in the schematic.

8. Highlight Enabled.
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The bottom of the PXF Choosing Analyses form looks like this.

Output.
®voltage  POSitive Output Node /Pif, Select
. probe Negative Output Hode .. Select
Enabled H Options...

9. In the Choosing Analyses form, click OK.

Running the Simulation

1. To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation while it runs.

2. Look in the CIW for a message that says the simulation completed successfully.

Plotting the Conversion Gain
1. Choose Results — Direct Plot — Main Form in the Simulation window.
The Direct Plot form appears.
Highlight Replace for Plot Mode.
Highlight pxf for Analysis.
Highlight Voltage Gain for Function.
Highlight dB20 for Modifier.

a & W N
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The completed PXF Direct Plot form looks like this.

6. Follow the prompt at the bottom of the form

Sel ect Port or Vol tage Source on schematic. ..

Click on the Prf source on the schematic.
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The plot appears in the Waveform window.

Feriodic ®xF Response

harfmone: harmono: harmony: harme
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7. To determine the gain at different frequencies, move the cursor along the curve and use
the readout at the top of the Waveform window.

For example, the gainis - 5. 46 dBat 920 MHz.

Plotting the Power Supply Rejection

In the Direct Plot form, do the following:
1. Highlight Replace for Plot Mode.
2. Highlight pxf for Analysis.
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3. In the Schematic window, click on the vcc power supply at the top left of the schematic.
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The Waveform window appears as follows.
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4. To determine the rejection at different frequencies, move the cursor along the curve and
use the readout at the top of the Waveform window.
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Calculating the 1 dB Compression Point with Swept PSS

In this example, a swept PSS analysis determines the 1dB compression point for the ne600p
mixer configured as a down converter.

Setting Up the Simulation

1.
2.
3.

If necessary, open the ne600p mixer circuit.

If necessary, specify the full path to the model file in the Model File Set-up form.

In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is
enabled.)

. Ifnecessary, set the design variablesf r f to 920Mandf | o to 1G (Check the Simulation

window to verify the current design variable values.)

Editing the Schematic

1.
2.

S

In the Schematic window, click on the rf voltage source.
Choose Edit — Properties — Objects in the Schematic window.

The Edit Object Properties form appears. You use this form to change the list of CDF
properties and modify the schematic for this simulation.

Choose sine for Source type.
Type prf inthe Amplitude 1 (dBm) field.
Click OK.

In the Schematic window, choose Design — Check and Save.

Setting Up the Swept PSS Analysis

1.

2.
3.

In the Simulation window, choose Analyses — Choose.
The Choosing Analyses form appears.
In the Choosing Analyses form, choose pss for the Analysis.

In the Fundamental Tones list box, be sure the Auto Calculate button is highlighted.
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The Beat Frequency is now displayed as 40M Now that the RF signal is active again,
the fundamental frequency of the circuit goes back to 40 MHz. The Beat Frequency
button is highlighted by default.

4. In the Output harmonics cyclic field, choose Number of harmonics and type 2 in the
Number of harmonics field.

Only two harmonics are required to determine the 1 dB compression point.

The top of the Swept PSS Choosing Analyses form looks like the following.

5. Highlight moderate for the Accuracy Defaults (errpreset) setting.

6. Highlight the Sweep button.
The form changes to let you specify data for the sweep.

7. In the Sweep cyclic field, choose Variable.
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8. Click on the Select Design Variable button.
The Select Design Variable form appears.

9. In the Select Design Variable form, highlight prf and click OK.

OK | Cancel|

1fres
re

rc
pri
vlo

plo

The Variable Name prf appears in the Choosing Analyses form. Selecting the pr f
variable sweeps RF input.

10. Choose Start-Stop for the Sweep Range, and then type - 30 in the Start field and 10
in the Stop field.

Both the signal source and the sweep are done in dBm. You learn where to set the sweep
limits and how many points to include in the sweep with experience.

11. Choose Linear for the Sweep Type, and specify 10 for the Number of Steps.
12. Highlight Enabled.
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The top of the Swept PSS Choosing Analyses form looks like the following.
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13.

In the Choosing Analyses form, click OK.

Running the Simulation

1.

2.

To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation as it runs.

Look in the CIW for a message that says the simulation completed successfully.

Plotting the 1 dB Compression Point

The first sideband of the IF signal is the second harmonic of the 40 MHz fundamental. To plot
the 1 dB compression point, perform the following:

1.

A T

Choose Results — Direct Plot — Main Form in the Simulation window.
The Direct Plot form appears.

Highlight Replace for Plot Mode.

Highlight pss for Analysis.

Highlight Compression Point for Function.

Type 1 for Gain Compression (dB).

Type - 25 for Input Power Extrapolation Point (dBm).

This value specifies the point where the ideal amplification curve intersects the output
curve. You must estimate where this point is located. If you do not specify a value, the
plot defaults to the minimum variable value.

In the cyclic field, choose Input Referred 1dB Compression.

Follow the prompt at the bottom of the form

Sel ect 1st Order Harnobnic on this form..

In the Harmonic list box, highlight harmonic 2 (80 MHz).

This is the second harmonic of the 40 MHz fundamental frequency, which is the IF
frequency.
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The completed Direct Plot form looks like this.
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9. Follow the new prompt at the bottom of the form

Sel ect Port on schematic...

In the Schematic window, click on the vif node.

The Waveform window display looks like this.
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The SpectreRF simulation plots the signal curve and an ideal linear slope and
automatically calculates a value of - 4. 8365 dBmfor the 1 dB compression point.

If you have trouble reading the label attached to the 1 dB point, you can use the cursor
to drag it to another location.
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Third-Order Intercept Measurement with Swept PSS and
PAC

In this example, you combine a swept PSS analysis with a Periodic AC (PAC) analysis to
produce data for an IP3 plot.

This IP3 Calculation example obtains the same information as the 1 dB compression point
example, but this simulation runs more quickly for two reasons

m It processes the second tone only during PAC analysis

m |t considers only two of the second tone sidebands.

The swept PSS analysis for the 1 dB compression point example considered all sidebands
for all signals.

Setting Up the Simulation

1. If necessary, open the ne600p mixer circuit.

2. If necessary, specify the full path to the model file in the Model File Set-up form.

3. In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is
enabled.)

4. If necessary, setthe design variablesf r f to 920Mand f | o to 1G (Check the Simulation
window to verify the current design variable values.)

Editing the Schematic
1. In the Schematic window, choose Edit — Properties — Objects.

The Edit Object Properties form appears. You use this form to modify the schematic by
changing the list of CDF properties.

2. To modify the schematic for this simulation, click on the rf voltage source in the
Schematic window.

3. Highlight Display second sinusoid and remove any values that are set from previous
analyses.

4. Choose sine for Source type.

5. Typefrf for Frequency 1.
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6. Type prf inthe Amplitude 1 (dBm) field.
7. Highlight Display small signal params.

The form changes to let you specify small signal parameters.
8. Type prf for the PAC Magnitude (dBm) value.

This simulation uses dBm values rather than magnitude.
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The completed Edit Object Properties form appears like the one below.

9. Click OK.

10. In the Schematic window, choose Design — Check and Save.
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Setting Up the PSS and PAC Analyses
1. In the Simulation window, choose Analyses — Choose.

The Choosing Analyses form appears.

Setting Up the PSS Analysis
1. In the Choosing Analyses form, choose pss for the Analysis.
2. In the Fundamental Tones section, be sure the Auto Calculate button is highlighted.

The value 40M is specified as the Beat Frequency. The PAC analysis is responsible for
the two tones, and the PSS analysis is now a single signal analysis. Consequently, the
fundamental frequency is set to the original 40 MHz. The Beat Frequency button is
highlighted by default.

3. Inthe Output harmonics cyclic field, choose Number of harmonics and type 2 in the
field.
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The top of the swept PSS Choosing Analyses form looks like this.

4. Highlight moderate for the Accuracy Defaults (errpreset) setting.

5. Highlight the Sweep button.
The form changes to let you specify data for the sweep.
6. In the Sweep cyclic field, choose Variable.
7. Click on the Select Design Variable button.
The Select Design Variable form appears.
8. Highlight pr f in this form and click OK.

9. Choose Start-Stop for the Sweep Range value, and then type - 25 in the Start field
and 5 in the Stop field.
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The sweep is skewed downward for a down converter.

10. Highlight Linear for the Sweep Type, highlight Step Size, and then type 5 in the Step
Size field.

11. Highlight Enabled.
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The bottom of the swept PSS Choosing Analyses form looks like this.
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Setting Up the PAC Analysis
1. Atthe top of the Choosing Analyses form, highlight pac.
The Choosing Analyses form changes to let you specify data for a pac analysis.
2. Type 921Mfor the Single-Point [ ] Frequency (Hz) value.

3. Inthe Sidebands cyclic field, choose Array of indices and type - 21 and - 25 with a
space between them.

Given a fundamental tone of 40 MHz, the LO at 1 GHz, and two RF tones at 920 MHz
and 921 MHz, the sidebands of - 25 and - 21 represent respectively the first-order
harmonic of the IF output at 79 MHz (921 -25*40 = 79) and the third-order harmonic at
81 MHz (921 - 21*40 = 81).

4. Highlight the Enabled button.
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The PAC Choosing Analyses form looks like this.

5. Click OK.
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Running the Simulation

1.

2.

To run the simulation, choose Simulation — Netlist and Run in the Simulation window.

Note: This example compares two signals only 1IMHz apart. An analysis of two signals
so close together would have taken much longer with the previous analysis.

The output log file appears and displays information about the simulation as it runs.

Check the output log file to be sure the simulation is completed successfully.

Plotting the IP3 Curve

1.

In the Simulation window, choose Results — Direct Plot — Main Form.
The Direct Plot form appears.

Highlight Replace for Plot Mode.

Highlight pac for Analysis.

The form changes to display information for the PAC analysis.

Highlight IPN Curves for Function.

The form changes again.

Choose Variable Sweep (“prf”) for Circuit Input Power.

Type - 15 for Input Power Extrapolation Point (dBm).

This value is the intercept point for the ideal amplification extrapolation. If you do not
specify a value, the plot defaults to the minimum variable value.

In the cyclic field, choose Input Referred IP3.

Follow the prompt at the bottom of the form

Select 3rd Order Harnonic on this form..
Highlight -21 81M in the 3rd Order Harmonic list box.
Follow the new prompt at the bottom of the form

Sel ect 1st Order Harnonic on this form..

Highlight -25 79M in the 1st Order Harmonic list box.
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The completed form looks like this.

10. Follow the new prompt at the bottom of the form

Sel ect Port on schematic. ..
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In the Schematic window, click on the Pif signal net.

The Waveform window display appears as shown below. (You can click and drag to move
the two labels with arrows, ep and Input Referred IP3, to improve visibility.)
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The general equation to use for computing the third-order intercept point is

, Vit (25) ~ Vit (-21)

IP3 = Vrf 5

where V, s is the value in the Start field on the Direct Plot form.

Intermodulation Distortion Measurement with QPSS

The QPSS analysis lets you consider the effects of a few harmonics in intermodulation
distortion calculations. This example describes how to run a QPSS analysis with the_ne600p
mixer circuit.

With the QPSS analysis, you can compute the distortion of moderately sized signals, as
opposed to the small signals you investigated with the swept PSS analysis with PAC
approach where you assumed there were no significant distortion effects from the small
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signal harmonics. With QPSS, you specify a large, or clock, signal for the fundamental and
one or more moderately sized signals whose distortion effects you want to measure.

Setting Up the Simulation

1.
2.
3.

If necessary, open the ne600p mixer circuit.

If necessary, specify the full path to the model file in the Model File Set-up form.

In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is
enabled.)

If necessary, set the design variablesf r f to 900Mand f | o to 1G (Check the Simulation
window to verify the current design variable values.)

Editing the Schematic

1.

In the Schematic window, choose the rf input port and then choose Edit — Properties
— Objects.

The Edit Object Properties form for the rf port appears.

. Choose Display small sighal params and remove any remaining values from the

previous analysis.
Choose sine for Source type.

Choose Display second sinusoid and specify the following when the forms changes to
display new fields:

a. Type f und2, or any name you choose, in the Frequency name 2 field.
b. Type 920Mfor the Frequency 2 value.
c. Typeprf - 10 for the Amplitude 2 (dBm) value.

In the Edit Object Properties form, click OK.

In the Schematic window, choose Design — Check and Save.

November 2004 316 Product Version 5.1.41



SpectreRF Simulation Option User Guide
Simulating Mixers

The completed form looks like this.

Setting Up the QPSS Analysis

1. In the Simulation window, choose Analyses — Choose.
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The Choosing Analyses form appears.
2. At the top of the Choosing Analyses form, highlight gpss.

The form changes to let you specify information for the QPSS analysis. There are three
tones in the Fundamental Tones list box, two that were present in the original
specifications and one that you added.

To update the fundamental tones, perform the following steps:
3. Inthe Fundamental Tones list box, highlight the tone named fr f .

The fr f tone and its associated values appear in the fields below the list box.
4. If necessary, choose Moderate from the Signal cyclic field.

5. Inthe Harms data entry field, highlight the current value and then type 2 to specify the
range of harmonics for the f r f tone. An increase in the harmonic range for a moderate
tone, such as f r f, directly increases the simulation run time.

6. In the list box, highlight the tone named f und2 (or whatever name you gave it).

The new values for f r f display in the list box. The f und2 tone and its associated values
appear in the fields below the list box.

7. If necessary, choose Moderate from the Signal cyclic field.

8. In the Harms data entry field, highlight the current value and then type 2 to specify the
range of harmonics for the f und2 tone.

9. In the Fundamental Tones list box, highlight the tone named f | o.

The new values for f und2 display in the list box. The f | o tone and its associated values
appear in the fields below the list box.

10. Choose Large from the Signal cyclic field. In addition, highlight the current value in the
Harms field and then type 1 to specify the range of harmonics for the f | o tone. Click
Clear/Add.

The new values for f | o display in the list box. the harmonic range of 1 gives 3 harmonics
(-1, 0,1) for the large tone.

By choosing Large as the Signal value, you specify f | o to be the Large or clock signal.
Each QPSS analysis must have one tone set to be the Large signal. When you choose
a signal for the large signal, choose a tone that is larger, less sinusoidal, or more
nonlinear than the other tones.
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You must choose at least one harmonic for each signal that you want to include in a
QPSS analysis. A signal with an harmonic range (Harms) value of 0 is ignored by the
simulation. In general,

0  The harmonic range (Harms) value for the Large tone should generally be at least
5 which guarantees11 harmonics. In some cases, for example in a down converting
situation such as this one, Harms can be as low as 1. For a down-converting
situation such as this, 1 is generally enough.

0 The Harms value for Moderate tones should be approximately 2 or 3. For
Moderate tones, increasing the Harms value increases the simulation run time.

Setting the Harms value to 2, yields up to the 3rd order intermodulation terms;
setting the Harms value to 3, yields up to the 5th intermodulaiton terms. For higher
order intermodulation terms, increase the Harms value accordingly. However, you
should avoid setting the Harms value unnecessarily high since it increases the
simulation time.

When, as in this example, you specify Harms values of 1 for the Large signal and 2 for
the Moderate signals, you get maxharnms = [ 1, 2] which gives you 3 harmonics (-1,
0, 1) for the Large tone and 5 harmonics (-2, -1, 0, 1, 2) for the Moderate tone. As a
result, you get noise from 3 x 5 = 15 frequency sidebands.

11. Highlight moderate for the Accuracy Defaults (errpreset) value.

12. Be sure the Enabled button is highlighted.
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The completed form appears like the one below.

13. Click OK.

Selecting Simulation Outputs

1. In the Simulation window, choose Outputs — To Be Saved — Select on Schematic.
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If you want to plot current or power at the end of the simulation, you must explicitly save
the currents necessary for the calculations. The most economical way to do this, in terms
of simulation time, is to choose specific currents on the schematic.

2. In the Schematic window, click on the appropriate terminals to choose rf and rif.

The terminals are circled in the Schematic window after you choose them.
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The selected terminals also display in the Simulation window.

Outputs
#  Name/Signal /Expr Value Plot Save March
1 xi/PLUS no  yes no
2  rifyPLUS no  yes no

Running the Simulation
1. To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation as it runs.
2. Check the CIW for a message that says the simulation completed successfully.

Note: QPSS sends less information to the output log than most other SpectreRF
analyses. While QPSS is running for this analysis, there might be periods of several
minutes during which there are no messages. This does not mean that the simulation is
not progressing.

Plotting the Voltage and Power

0O Inthe Simulation window, choose Results — Direct Plot — Main Form.

The Direct Plot form and the Waveform window appear.

Plotting Voltage

To plot voltage do the following in the Direct Plot form:

=

Highlight Replace for Plot Mode.

2. Highlight gpss for Analysis.

3. Highlight Voltage for Function.

4. Note that the Select cyclic field displays Net.
5. Highlight peak for Signal Level.

November 2004 322 Product Version 5.1.41



SpectreRF Simulation Option User Guide
Simulating Mixers

6. Highlight dB20 for Modifier.

The completed form looks like this.

November 2004 323 Product Version 5.1.41



SpectreRF Simulation Option User Guide
Simulating Mixers

7. Follow the prompt at the bottom of the form

Sel ect Net on schematic. ..

Click on the net connecting to the rf terminal.

The voltage plot for the rf terminal displays in the Waveform window.

Quasi—Periodic Steody State Response

_ogp v v /Prf; gpss dB28(Y)

_7a.a 1
m —124 1
T i
—_— ]

178 1

_EEE ‘l 1 1 1 1 1 || : 1 1 || 1 1 1 1 1 1 ||| 1 1

7.0 > HG 100
freq { Hz )

Because this is a down-converting mixer, the cluster of frequencies from 20 M to 120 M
near the Y axis of the plot are of interest. To find a frequency and its associated voltage,
place the cursor at the tip of a line. The X and Y values that represent the frequency and
the voltage, respectively, appear at the top left corner of the Waveform window. If you
place the cursor at the points shown above, you display the following voltage and

frequency values:

Difference Translation Frequency Voltage
920M - 900M 20M -100.2V
1G - 920M 80M -132.5V
1G - 900M 100M -122.6V
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Plotting Power

To plot the power, do the following in the Direct Plot form:
1. Highlight Replace for Plot Mode.
. Highlight Power for Function.

2
3. Note the Select cyclic field displays Terminal.
4. Highlight dBm for Modifier.

5

. Following the message at the bottom of the form

Sel ect Instance Terninal on schematic...

In the Schematic window, click on the rf terminal.

The plot for the power appears in the Waveform window.

Juasi—Periodic Steoady State Response
_gg s plrf/PLUS /Prf); gpss dBmP

_gam 1
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.07 > 00 100
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6. If you want to see the voltage and power for the rif terminal, repeat the steps to create
the plots for the rif terminal, but choose the rif terminal in the schematic.

Note: If you want to run simulations in other chapters, reset the design variable frf to
920 M
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Noise Figure with QPSS and QPnoise

You can combine a QPSS analysis with a small-signal QPnoise analysis to determine the
degradation of the noise figure for the ne600p mixer circuit caused by the two interfering
signals present at the input of the mixer. The noise figure for the ne600p mixer without the
interferer signals is determined in “Noise Figure Measurement with PSS and Pnoise” on
page 258. The QPSS and QPnoise analyses described in this example include the interferer
signals which allow more noise foldings to occur into the output IF band.

The Quasi-Periodic Noise, or QPnoise analysis, is similar to the conventional noise analysis,
except that it includes frequency conversion and intermodulation effects. Hence is it useful for
predicting the noise behavior of mixers, switched-capacitor filters, and other periodically or
guasi-periodically driven circuits.

Setting Up the Simulation

1. If necessary, open the ne600p mixer circuit.

2. If necessary, specify the full path to the model file in the Model File Set-up form.

3. In the Simulation window, use Analysis - Disable to disable any analyses you ran
previously. (Check the Simulation window to verify whether or not an analysis is
enabled.)

4. If necessary, set the design variablesf r f to 900Mand f | o to 1G (Check the Simulation
window to verify the current design variable values.)

Editing the Schematic

1. In the Schematic window, click on the rf input port and then choose Edit — Properties
— Objects.

The Edit Object Properties form for the rf input port appears. You use this form to change
the list of CDF properties and modify the schematic for this simulation.

In the Edit Object Properties form, do the following:

1. Choose Display small signal params and remove any remaining values from the
previous analysis.

2. Since the r f signal is moderate signal, choose sine for Source type.

3. Choose Display second sinusoid and specify the following when the forms changes to
display new fields:
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a. Type f und2, or any name you choose, in the Frequency name 2 field.
b. Type 920Mfor the Frequency 2 value.
c. Type prf - 10 for the Amplitude 2 (dBm) value.

The completed form looks like this.

CDF Parameter Value
Resistance 50 Ohns
Port number i
DC voltage
Source type sine
Frequency name 1 frf
Frequency 1 frf Hz

Spnpdiode b IVDRY
Amplitude 1 (dBm) pri
Phase for Sinusoid 1

Sine DC level

Delay time

Display second sinusoid u
Frequency name 2 fund?
Frequency 2 920M Hz

Spnpdiode 0 IWnRY
Amplitude 2 (dBm) prf - 10

Phase for Sinusoid 2
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4. In the Edit Object Properties form, click OK.

5. In the Schematic window, choose Design — Check and Save.

Setting Up the QPSS and QPnoise Analyses

In the Choosing Analyses form, set up two analyses, first qpss then gpnoise.
0  Inthe Simulation window, choose Analyses — Choose.

The Choosing Analyses form appears.

Setting Up the QPSS Analysis
1. At the top of the Choosing Analyses form, highlight gpss.
The form changes to let you specify information for the QPSS analysis.
2. In the Fundamental Tones list box, highlight the tone named fr f .
The f r f tone and its associated values appear in the fields below the list box.
3. If necessary, choose Moderate from the Signal cyclic field.

4. In the Harms data entry field, highlight the current value and then type 2 to specify the
range of harmonics for the f r f tone. An increase in the harmonic range for a moderate
tone directly increases the simulation run time.

5. In the list box, highlight the tone named f und2.

The new values for f r f display in the list box. The f und2 tone and its associated values
appear in the fields below the list box.

6. If necessary, choose Moderate from the Signal cyclic field.

7. Inthe Harms data entry field, highlight the current value and then type 2 to specify the
range of harmonics for the f und2 tone.

8. In the list box, highlight the tone named f | o.

The new values for f und2 display in the list box. The f | o tone and its associated values
appear in the fields below the list box.

9. Choose Large from the Signal cyclic field. In addition, highlight the current value in the
Harms field and type 5 to specify the range of harmonics for the f | o tone. Click Clear/
Add.
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The new values for f | o display in the list box. The harmonic range of 5 gives 11
harmonics (-5, ... ,0, ... +5) for the large tone. In this case where a QPnoise analysis is
following the QPSS analysis, the Harms value must be sufficiently large to guarantee an
accurate noise analysis. Generally, 5 is a sufficiently large Harms value. Entering a large
Harms value for the large tone does not affect the simulation run time.

By choosing Large as the Signal value, you specify f | o to be the large or clock signal.
Each QPSS analysis must have one tone set to be the large signal. When you choose a
large signal, select a tone that is larger, less sinusoidal, or more nonlinear than the other
tones.

You must choose at least one harmonic for each signal that you want to include in a
QPSS analysis. A signal with a harmonic range value of 0 is ignored by the simulation.
In general,

0 The harmonic range (Harms) value for the Large tone should be at least 5,
guaranteeing 11 harmonics.

0 The Harms value for Moderate tones should be approximately 2 or 3. For
Moderate tones, increasing the Harms value increases the simulation run time.

When, as in this example, you specify Harms values of 5 for the Large signal and 2 for
the Moderate signals, you get maxharnms = [ 5, 2] which gives you 11 harmonics for
the Large tone and 5 harmonics (-2, -1, 0, 1, 2) for the Moderate tone. As a result, you
get noise from 11 x 5 = 55 frequency sidebands. SpectreRF considers all these
combinations when performing QPnoise calculations.

10. Highlight moderate for the Accuracy Defaults (errpreset) value.

11. Be sure the Enabled button is highlighted.
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The completed form appears like the one below.

Fundamental Tones

#

ot

Nawme

fln
frf
fimd?2

[

Clearffdd

Perodic Distortion Analysis

Expr

fln
frf
920m

Delets

View Hamnmnnhirs

Value Sigmal SrcId Harms
6 Tarnge Tn L
200M Moderate rf 2
220M Moderate ri 2
Moderate 0

Update From Schematic

Accuracy Defaults (errpreset)
conservative H moderate liberal

Additional Time for Stabilization (tstab)

save itial Transient Results {saveinit) | no yes

Sweep

Enabled &

Options...

Setting Up the QPnoise Analysis

1. In the Analysis section at the top of the Choosing Analyses form, highlight gpnoise.

The Choosing Analyses form changes to let you specify data for a Quasi-Periodic Noise
Analysis.
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10.

11.

In the Frequency Sweep Range (Hz) cyclic field, choose Start-Stop.
Type 50Min the Start field and 150Min the Stop field.
This frequency range covers the frequencies of interest.

Inthe Sweep Type cyclic field, choose Linear for the sweep type and highlight Number
of Steps. Type 20 in the Number of Steps field.

In the Sidebands cyclic field, choose Maximum clock order and type 5.

Maximum clock order is related to large signal harmonics range. A Maximum clock
order of 5insures that sufficient large-signal harmonics are processed. You can increase
this value.

In the Output cyclic field, choose probe for the Output value.

Click on the Output Probe Instance Select button. Then click on the appropriate
component in the Schematic window to choose Pif.

/rif appears in the Output Probe Instance field.
In the Input Source cyclic field, choose port.

Click on the Input Port Source Select button. Then click on the appropriate component
in the Schematic window to choose rf.

/ r f appears in the Input Port Source field.

Type 1 0 0 inthe Reference Sideband field. One entry for each tone separated by
spaces.

In the Reference Sideband field, enter a vector whose indices have a one-to-one
correspondence with the fundamental tones. For this example, the correspondence is
illustrated in the following table.

Ref Sideband Vector 1 0 0

Fundamental Tones LO FUND2 RF

Frequencies 1 GHz 920 MHz 900 MHz

The reference sideband vector 1 0 0 mixes with the LO tone only to get the output.
Highlight freq for the refsidebandoption.

This selects the frequency as the reference and the reference sideband frequency shift
is computed relative to all combinations of fundamental tones.
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When the frequency shift between input and output is calculated, the fundamental tones
are multiplied by the Reference Sideband vector entries and summed. Since different
combinations might lead to the same frequency shift, refsidebandoption specifies how
to perform this calculation.

0  Asinthis example, you select freq to calculate frequency shift based on all possible
combinations.

0 Selectindividual when you want to calculate frequency shift based on the one
specified combination only.

12. Be sure the Enabled button is highlighted.
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The completed Quasi Periodic Noise Analysis section of the Choosing Analyses form
appears like the one below.

GQuasi Periodic Hoise Analysis

Frequency 3weep Range (Hz)

Start-Stop Start | G0N Stop | 1500
sween Type
alep Sire o0
Linear

# NMumber of Sieps

fuld Specific Points

Sidebands
Maximum clock order 5
Output
probe Output Probe Instance | /rif 2alect
Input Source
port Input Port Source ek Select

refsidebandoption

Reference Side-Band (1 0 0 & freq - individual

Enabled = Options...

13. In the Choosing Analyses form, click OK.
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Selecting Simulation Outputs
1. In the Simulation window, choose Outputs — To Be Saved — Select on Schematic.

If you want to plot current or power at the end of the simulation, you must explicitly save
the currents necessary for the calculations. The most economical way to do this, in terms
of simulation time, is to select the specific currents to save on the schematic.

2. In the Schematic window, click on the appropriate terminals to choose rf and rif.

The terminals are circled in the Schematic window after you choose them.

_ Pif
b
x
Flo
TR
x
prf
B b,
x
The selected terminals also appear in the Simulation window.
Outputs
# Name/Signal /Expr Value Plot Save March
1 ril/FLUS no ¥ES o
2 rci/PLUS ng yes no
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Running the Simulation

1. To run the simulation, choose Simulation — Netlist and Run in the Simulation window.
The output log file appears and displays information about the simulation as it runs.
2. Check the CIW for a message that says the simulation completed successfully.

Note: QPSS analysis sends less information to the output log than most other
SpectreRF simulator analyses. While QPSS is running for this analysis, there might be
periods of several minutes during which there are no messages. This does not mean that
the simulation is not progressing.

Plotting the Noise Figure
1. In the Simulation window, choose Results — Direct Plot — Main Form.
The Direct Plot form and the Waveform window appear.
2. Highlight Replace for Plot Mode.
3. Highlight gpnoise for Analysis.
4. Highlight Noise Figure for Function.
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The completed Direct Plot form for Qpnoise appears like the one below.

5. Follow the prompt at the bottom of the form

Press plot button on this form..

Click on Plot in the Direct Plot form.

The plot appears in the Waveform window.
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The Waveform window appears like the one below:

oF oM 1 30M

freq { Hz )

6. To determine the noise figure at different frequencies, move the cursor along the noise
figure curve in the Waveform window. In the above plot, the noise figure is about
73.24dB at80 MHz.

Plotting the Output Noise

In the Direct Plot form, do the following:
1. Highlight Replace for Plot Mode.
2. Highlight gpnoise for Analysis.
3. Highlight Output Noise for Function.
4. Highlight V/sqgrt(Hz) for Signal Level.
5. Highlight dB20 for Modifier.
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The completed Direct Plot form appears like the one below.

6. Follow the prompt at the bottom of the form
Press plot button on this form..

Click on Plot in the Direct Plot form.

The plot appears in the Waveform window.
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The Waveform window appears like the one below:

7. To determine the output noise at different frequencies, move the cursor along the output
noise curve in the Waveform window. In the above plot, the output noise is about- 119. 2
dB at80 MHz.

Note: Before you run most other simulation examples in this chapter, be sure to reset the
Design Variable frf to 920M
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Autonomous PSS Analysis

Periodic steady state (PSS) analysis lets you simulate both driven and autonomous circuits.
Driven circuits; such as amplifiers, filters, or mixers, require a time-varying stimulus to create
a time-varying response. Autonomous circuits, such as oscillators, however, have time-
varying responses and generate non-constant waveforms even though the circuits
themselves are time-invariant.

With driven circuits, you specify an analysis period that is an integer multiple of the period of
the drive signals. You cannot specify the analysis period for autonomous circuits because you
do not know the precise oscillation period in advance. Instead, you specify an estimate of the
oscillation period. The PSS analysis uses this estimate to compute the precise period and the
periodic solution waveforms.

To enable PSS analysis to compute the precise period, you specify a pair of nodes. PSS
analysis monitors the potential difference between these nodes and uses this information to
refine its estimate of the period.

Phases of Autonomous PSS Analysis

A PSS analysis has two phases,
m A transient analysis phase to initialize the circuit

m A shooting phase to compute the periodic steady state solution.

The transient analysis phase is divided into three intervals:

m A beginning interval that starts at_tstart, which is normally 0, and continues through the
onset of periodicity for the independent sources

m A second, optional stabilization interval of length tstab
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m  Afinal interval that is four times the estimated oscillation period specified in the PSS
Analysis form. During the final interval, the PSS analysis monitors the waveforms in the
circuit and improves the estimate of the oscillation period.

During the shooting phase, the circuit is simulated repeatedly over one period. The length of
the period and the initial conditions are modified to find the periodic steady state solution.

Phase Noise and Oscillators

Oscillators tend to amplify any noise present near the oscillation frequency. The closer the
noise frequency to the oscillation frequency, the greater the amplification. Noise amplified by
the oscillator in this manner is called phase noise. Phase noise is the most significant source
of noise in oscillators, and because phase noise is centered about the oscillation frequency,
filtering can never completely remove the it.

You can understand phase noise if you recognize that the phase of an oscillator is arbitrary
because there is no drive signal to lock to. Any waveform that is a solution to an oscillator can
be shifted in time and still be a solution. If a perturbation disturbs the phase, nothing restores
the phase, so it drifts without bound. If the perturbation is random noise, the drift is a random
walk. Furthermore, the closer the perturbation frequency is to the oscillation frequency, the
better it couples to the phase and the greater the drift. The perturbation need not come from
random noise. Noise might also couple into the oscillator from other sources, such as the
power supplies.

The first two examples in this chapter both examine phase noise.

Starting and Stabilizing the Oscillator

To simulate an oscillator using PSS analysis, you must first start it. You can start an oscillator
by supplying either:

m A brief impulse stimulus

The stimulus should couple strongly into the oscillatory mode of the circuit and poorly
into other long-lasting modes such as bias circuitry.

m A set of initial conditions for the components of the oscillator’s resonator

Regardless of which technique you use to start the oscillator, allow the oscillator to run long
enough to stabilize before you start the shooting phase and compute the steady state
solution. Adjust the tstab parameter to supply the additional stabilization period.
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The tline30scRF Oscillator Circuit

This example computes the periodic steady state solution and the phase noise for the
tline3oscRF circuit shown in Figure 5-1.

Figure 5-1 Schematic for the tline3oscRF Oscillator Circuit
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Phase noise computation is important because phase noise is the most significant source of
noise in oscillators. Because phase noise is centered about the oscillation frequency, the
noise can never be completely removed by filtering.

This circuit supplies the brief impulsive stimulus needed to start the oscillator, so you do not
need to set initial conditions. You supply the data necessary for PSS analysis to estimate the
period when you specify the fundamental frequency.

Simulating tline3oscRF Oscillator Circuit

Before you begin, perform the setup procedures described in Chapter 3, “Setting Up for the
Examples.”
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Opening the tline3oscRF Circuit in the Schematic Window
1. In the Command Interpreter Window (CIW), choose File — Open.
The Open File form appears. Filling in the Open File form opens the schematic.

2. Choose my_rfExamples for Library Name. Choose the editable copy of the
rfExamples library you created. See Chapter 3, “Setting Up for the Examples” for more
information.

3. Choose schematic for View Name.
4. In the Cell Names list box, highlight tine3oscRF.
tline3oscRF appears in the Cell Name field.

5. Highlight edit to choose the Mode.

The completed Open File form appears like the one below.

6. Click OK.
The Schematic window for the tline3oscRF oscillator opens.

7. In the Schematic window, choose Tools — Analog Environment.
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The Simulation window opens.

You can also use Tools — Analog Environment — Simulation in the CIW to open the
Simulation window without opening the design. You can open the design later by choosing

Setup — Design in the Simulation window and choosing the tline_30scRF in the Choosing
Design form.

Choosing Simulator Options
1. In the Simulation window, choose Setup — Simulator/Directory/Host.
The Choosing Simulator/Directory/Host form appears.
2. In the Choosing Simulator/Directory/Host form, do the following:
a. Choose spectre for Simulator.
b. Type in the name of the project directory, if necessary.

c. Highlight the local or the remote button to specify the Host Mode.
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For remote simulation, type the name of the host machine and the remote directory
in the appropriate fields.

The completed form looks like this.

3. In the Choosing Simulator/Directory/Host form, click OK.

Setting Up Model Libraries

In the Simulation window, choose Setup — Model Libraries.

The Model Library Setup form appears.

1. In the Model Library File field, type the full path to the r f Model s. scs model file
including the file name, r f Model s. scs.

2. Click on Add.

3. Inthe Model Library File field, type the full pathtothetli ne_s17 8470 40G scs
model file including the file name, t 1 i ne_s17_8470_40G scs and click on Add.
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The completed form looks like this.

4. In the Model Library Setup form, click OK.

Periodic Steady State and Phase Noise with PSS and
Pnoise

This example computes the periodic steady state solution and phase noise for the
tline3oscRF oscillator circuit. You perform a PSS analysis first because the periodic steady
state solution must be determined before you can perform a Pnoi se small-signal analysis to
determine the phase noise.

Setting Up the Simulation

1. If necessary, open the tline3o0scRF circuit.

2. If necessary, specify the full path to the model files.

3. If necessary, in the Simulation window use Analysis - Disable to disable any analyses
you ran previously. (Check the Analyses area in the Simulation window to verify whether
or not any analyses are enabled.)
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Setting Up the PSS Analysis

Note: If your oscillator circuit does not contain a stimulus to start the oscillator, you must run
a transient analysis before you run this PSS analysis. From the transient analysis you save
the node voltages and use them as initial conditions to start the oscillator in the PSS analysis.

1. In the Simulation window, choose Analyses — Choose.
The Choosing Analyses form appears.
2. In the Choosing Analyses form, click on pss.
The form changes to display options needed for PSS analysis.

3. Inthe Fundamental Tones area, the Beat Frequency button is highlighted by default.
Be sure the Auto Calculate button is not highlighted.

In the field next to the Beat Frequency and Beat Period buttons, type your best
estimate of the oscillation frequency. (Your estimate can be the node voltages saved from
the transient analysis mentioned above.)

Type 1. 4Gin this example.

4. In the Output harmonics cyclic field, choose Number of harmonics and type in a
reasonable number, such as 10.
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The top of the PSS Choosing Analysis form appears below.

5. Highlight moderate for the Accuracy Defaults (errpreset).
6. Highlight Oscillator.

The form changes to let you specify the two nodes needed for oscillator simulation.
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7. Click on the Oscillator node Select button. Then click on the appropriate wire in the
Schematic window to choose the oscillator node. In this example, choose net5.
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/ net 5 appears in the Oscillator node field.
8. Leave the Reference node field empty.

The Reference node field defaults to / gnd! . You can set Reference node to a
different value by clicking on the Reference node Select button and then choosing the
appropriate node in the schematic.

9. Verify that Enabled is highlighted.
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The bottom of the PSS Choosing Analysis form appears below.

Setting Up the Pnoise Analysis

1. Atthe top of the Choosing Analyses form, click on pnoise.
The form changes to let you specify data for the Pnoise analysis.
2. Inthe Sweeptype cyclic field, choose Relative. Enter 1 in the Relative Harmonic field.

This choice specifies that the Frequency Sweep Range (Hz) values you choose
represent frequency values away from the fundamental frequency. For example, if you
specify 2K, you choose a value 2K away from the fundamental frequency.

3. Choose Start-Stop for the type of Frequency Sweep Range (Hz). Type in reasonable
values, such as 1K and 100Mas the Start and Stop values.

4. In the Sweep Type cyclic field, choose Logarithmic. Use a log sweep when you plot
phase noise because of the size of the phase noise values.

5. Highlight Number of Steps and type 201 in the field.

Note: Be sure to use a nonzero starting value for logarithmic sweeps.
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6. Inthe Sidebands cyclic field, choose Maximum sideband and type 7 in the Maximum
sideband field. The default parameter value is maxsi deband=7.

Begin with a Maximum sideband value of 7. Then, in subsequent simulations, increase
the value to see whether the output noise changes. Continue to increase the Maximum
sideband value until the output noise stops changing.

For a fundamental oscillator, Maximum sideband must be at least 1 to see any flicker
noise up conversion. In general, small values for Maximum sideband are not
recommended.

Note: Be sure to use a nonzero Maximum sideband value.

The top of the Pnoise Choosing Analysis form appears below.

7. In the Output cyclic field, choose voltage.
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8. Click on the Positive Output Node Select button. Then click on the appropriate wire in
the Schematic window to choose net 5.
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/ net 5 appears in the Positive Output Node field.
9. Leave the Negative Output Node field empty.

This field defaults to / gnd! . You can set the Negative Output Node to a different value
by clicking on the Negative Output Node Select button and then choosing the output
node in the schematic.

10. Inthe Input Source cyclic field, choose none.
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The bottom of the Pnoise Choosing Analysis form appears below.

11. Verify that the Pnoise analysis is Enabled. Then click OK in the Choosing Analyses form.
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The PSS and Pnoi se options you choose appear in the Analyses list box in the
Simulation window.

Analyses
¥ Type Avguments. . ... ... Enable
1 pnoise 7 1K 100 201 veSs
2 pss 1.46 10 /neth ves

Running the Simulation
1. In the Simulation window, choose Simulation — Netlist and Run to run the simulation.
The output log file appears and displays information about the simulation as it runs.

2. Look in the CIW for a message that says the simulation completed successfully.

Plotting the Fundamental Frequency

0  To open the Direct Plot form, choose Results — Direct Plot — Main Form in the
Simulation window.

The Waveform window and the Direct Plot form both appear.

To plot the fundamental frequency, do the following:
1. Highlight Replace for Plot Mode.
2. Highlight pss for Analysis.

3. Highlight Harmonic Frequency for Function.
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The form changes to display the Harmonic Frequency list box.
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4. Follow the prompt at the bottom of the form—highlight the first harmonic in the Harmonic
Frequency list box.

5. Follow the prompt at the bottom of the form—click Plot.

The Waveform window displays the fundamental frequency.
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Notice that the fundamental frequency value of 2. 022G is also displayed in the
Harmonic Frequency list box in the Direct Plot form.

Plotting the Periodic Steady State Solution

If necessary (to display the Direct Plot form), in the Simulation window choose Results —
Direct Plot — Main Form to open the Waveform window and the Direct Plot form.

To plot the periodic steady state solution waveform for distortion, do the following:
1. Highlight Replace for Plot Mode.
2. If necessary, highlight pss for Analysis.
3. Highlight Voltage for Function.
4. Highlight Time for Sweep.
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5. Notice that the default choice in the Select cyclic field is Net. Also notice the Select net
on schematic prompt at the bottom of the form.
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6. In the Schematic window, click on the appropriate wire to choose net 5.
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The Waveform window displays the sweep of voltage versus time—the periodic steady
state solution.
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Plotting the Phase Noise

If necessary (to display the Direct Plot form), in the Simulation window choose Results —
Direct Plot — Main Form to open the Waveform window and the Direct Plot form.

To plot the phase noise waveform, do the following:
1. Highlight Replace for Plot Mode.
2. Highlight pnoise for Analysis.

The form changes to display fields relevant for the Pnoi se analysis.
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3. Highlight Phase Noise for Function.

4. Click on Plot.
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The Waveform window displays the phase noise versus frequency with the frequency in
logarithmic scale. When you plot phase noise, you get more useful information if you use
the log scale.
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The oscDiff Circuit: A Balanced, Tunable Differential
Oscillator

This example computes the fundamental frequency, output noise and phase noise for the
oscDiff circuit, the balanced, tunable differential oscillator shown in Figure 5-2.

Figure 5-2 Schematic for the oscDiff Oscillator Circuit
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The oscDiff circuit generates sinusoids in antiphase for differential nodes VoL and VoR. The
oscillation frequency is primarily governed by inductor LO and capacitor C3. The C3
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capacitance value is voltage-dependent and obeys Equation 5-1, the standard Schottky
barrier capacitance equation.

where

(5-1) Ctune = Sl
%l 4 Ventripgamma
phi U
Ctune C3 capacitance value
Cjo Zero-bias junction capacitance
Ventrl Applied varactor voltage
phi Barrier potential
gamma Junction grading coefficient

Simulating the oscDiff Circuit

Before you begin, be sure that you have performed the setup procedures described in
Chapter 3, “Setting Up for the Examples.”

Opening the oscDiff Circuit in the Simulation Window

1.

In the Command Interpreter Window (CIW), choose File — Open.

The Open File form appears. Filling in the Open File form opens the schematic.

. Choose rfExamples for Library Name. Choose the editable copy of the rfExamples

library you created. See Chapter 3, “Setting Up for the Examples” for more information.

Choose schematic for View Name.
In the CellNames list box, highlight oscDiff.
oscDiff appears in the Cell Name field.

Highlight edit for Mode.
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