' 1. SpectreRF Overview

« SpectreRF is an optional feature added to Spectre ,and Is
represented by 6 analyses:.
1. PSS Periodic Steady State Analysis
2. PAC: Periodic AC Analysis
3. PXF: Periodic Transfer Function Analysis
4. PNOISE: Periodic Noise Analysis
Tdnoise: Time Domain Noise
QPNOISE: Quasi-Periodic Noise (not discuss here)
5. PDISTO: Periodic Distortion Analysis
QPSS:. Quasi-Periodic Steady State (not discuss here)
6. Envelope Analysis(not discuss here)

PAC, PXF, and PNOISE are similar in concept to AC, XF, and Noise.
However, they are applied to periodically-driven circuits such as mixers and

oscillators. /
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SpectreRF in a Design Flow

Analog Artist Environment | <« Models The netlistsinclude all
l components along with an
s E analysis selection, ssimulation
NEHSE | s controls and statements to save,
l plot nodes or currents.

SPECTRE Engine | +— Spectre RF Control

_~Rnalog Artist Plot Result% ........... Use Direct plot or the

I

-

Calculator plot capabilities.

/
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SpectreRF Tool Flow

[ SpectreRF ]

l :«'--»
/PDISIO Setup~ PSSfetup/

Spectre Engi neJ Spectre Engine
PDISTO Analysis PSS Analysis

v L
_“PDISTOResults . Pss Tesults/

Spectre Engine
-PAC Analysis
-PXF Analysis
-PNOISE Analy

w
K / Report Results/

No

S b)

)

PSSisalarge-signal analysis
and determines the period of
the small-signal analyses.
PSS requires that multiple
periodic stimuli be
coperiodic.

PDISTO isalso alarge-
signal analysis, and need not
to be run after a PSS
analysis. PDISTO does not
require multiple periodic
stimuli to be coperiodic.

/
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SpectreRF Features

« Compute a steady-state solution efficiently and directly

« Handlesvery large circuits (~ 10,000 transistors)

« Displaysresultsin both time and frequency domains

« UseDiscrete Fourier Transform (DFT) for better accuracy

» Displays standard RF measurements, such as s-parameter in Smith
chart, NF, IP3, and 1dB compression point in the Analog Artist design

environment.

« Performs oscillator analysis.
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2. S-Parameter Analysis

Linear Simulation:
— Entirely in the frequency domain
— A basic RF feature of the Spectre simulator

Ports:
— Specify the port number on the psin ( or port); psin (or port)
can act as a source port or aload.

— Required properties for linear analysis: Resistance & Port
number

Noise Analysis.
— Use Nfmin and NF for 2-port circuits ONLY .
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Plotting S-Parameter Simulation Results

SP,ZP,YP, HP s, z-, y-, and h-parameters

GD group delay

VSWR Voltage Standing Wave Ratio

NFmin minimum noise figure

Gmin reflection coefficient associated with Nfmin(also known as Gmin, Gopt, or Gon)
Rn noise sensitivity parameter

rn normalized equiv. Noise resistance

NF noise figure

Kf & B1f stability terms

GT transducer gain

GA available gain, assuming conjugate matched output
GP power gain, assuming conjugate matched input
Gmax maximum available power gain

Gmsg maximum stable power gain

Gumx maximum unilateral power gain

ZM impedance at port m

NC noise circles

GAC avallablegain circles

GPC power gain circles

LSB load stability circles

KSSB source stability circles /
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Labl . S-parameter Analysis

 Create anew library —
and a new schematic Cml: Sel: 0 ;
view.

« Uselibrary “analogLib”

Tools Design Window Edit Add Check Sheet Optlions Help

................... Create I nstance from

& “tsnc25rf” to draw
the scheme.

library “tsmc25rf”

el1/ . L= . 0L
+ After drawing, push R
Design ® Check and e .
Save; then push Tools S
® Analog ----- & PORTY
Environment, and the NN 4
window “Affirma ols A
Analog Circuit Design L
Environment” will
appear . CDF Parameter Value Display gltld ..........
Resistance 50 Ohms off
Port number i off
DC voltage off schHiMousePopUp () E: hiEoomIn()
k Source type sine off
-
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Setup Design Environment(1)

PUSh %t u p ® M Od el Affirma Analog Circuit Design Environment (3)

. . . Sialiss By T=27 C Simulator: spectre 19

L | br aries then the WiI ndOW Session Setup Analyses Variables Outputs Simulation Results Tools Help
“Model Library Setup” Desi reyoes *r
Library test # Type Brouments. .. ... L. Enzhle :?:HN

appearS' %tup the mOdeI Call 1na 1 =p 100K 106 10 Loga. . wes i

library as shown right. Then S — 1
CI I Ck OK . Design Yarables Outputs [E::

#  Mame Value #  MWeme/Signal /Expr Walue Plot Sawe March /
15k
Pug’] %t u p ® spectred: Model Library Setup
. . oK Cancel | Defaults| Apply Help
Simulator/Directory/Host | e prmse] omy |
Model Library File Section

to designate the project — _

. ) ,-"user32,-"cJ..u:;’u:uv:..d,-’251p5m_pdkfmudels;’m1x|]25_l. LS tt
directory. The default project ety e oo g
directory is“ ~/simulation .

Model Library File Section (opt.)

aad | Delete | change | EditFile | wse...

—

Use “Browse” to access to the model files /
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Setup Design Environment(2)

Y ou can use either an
absolute model path or a
relative model path

|F you use the absolute
approach, the setup is as
shown right-upper.

To use arelative path ,push
“Setup ® Simulation
Files” than Setup ®
Model Libraries.The
setup Is as shown right.

~| spectred: Model Library 5etup

0K ‘ Cancel | DEfauItS‘ Apply ‘ HEIp|
|Model Library File Section

~ 251p5n_pdklab/models /rf0E5. scs rf macro
~/B51pSm_pdklab/models/rf025. scs tt_rfmos

Model Library File

Section {opt.)

Add | Delete | Change | Edit File

L |

Browse... T

~| spectre: Simulation Files Setup

Model Library File

OK ‘ Cancel | Defaults‘ Apply | Help|
Include Path | . /modeld |
Definition Files |u

1| stimulus File |v
~'| spectred: Model Library Setup [
Ok ‘ Cancel ‘ Defaults‘ Apply ‘ Help|
|Model Library File Section
cf025. scs tt_rfm
cf025. scs f_ma

Section {opt.)

Delete Edit File

Add | Change

L |

Browrse... T

2-5



Setup Design Environment(3)

« Push Analyses® Choose then the window
“Choosing Analyses” appears. Key in the
values as right and push ok, then some
Information will appear in the “Analyses”
domain of the window “Affirma Analog
Circuit Design Environment”.

e Push Simulation ® Netlist and Run to run
the smulation. The Netlist will be saved under
adirectory called ~/simulation.

Choosing Analyses - - Affirma Analog Circuit Design EnvironmeEd

OK | Cancel| Defaults| Apply Help
Analysis tran dc ac noise =T

Sens W sp pdisto pss

pac phoise pxr envip

S-Parameter Analysis
Sweep VYariable

¥ Frequency
Design Yarable
Temperature
Component Parameter
Model Parameter

Push Select button then
to select the port on the
schematic window

Sweep Range

~

-

¢ Starl SY St [10oE 108
: G
Affinma Analog Circuit Design Environment (3) Center- Span B Sto &
Status: Ready T—27 C Simulator: specire 19
Session Setup Analyses Variables Outputs Simulation Results Tools Help T TRTE
. et e # Points Per Decadg
esign yses “—%
Logarithmic Humber of Steps
Library test #* Type Arcuuments. ... Enzhble :?gnu
cell 1= 1 sp 100K 10G i0 Loga. . ¥es 20
L 5 . _
View  schematic 1o Add Specific Points
Design Yariables Outputs ey - ==
— )
& Hame Walue # Hame  Signal /Expr Walue Plot Sawe March - Do Moise Ou{pﬁt’pl]rt _."rPDRTl =~ ~
7 / Select
= - e (
/ no lnput port APORTLE Select
Netlist and R 5 = -
ISt an un S E—
k e Enabled ™ Options...
/
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See the Results

« Usethe Direct Plot tool to ook the resullts.
* Inthe “S-parameter Results” window choose some
parameters to see their results.

Affinma Analog Circuit Design Environment (3)

Status: Ready

T=£7 C Simulator: spectre

session Setup Analyses Vanables Outputs Simulation Resulis | Tools

Design
Library test
Cell In=

View schematic

Design Variahles

#  Hame Walue

Analyse Pt Gusiguls
Direct Plot
Type Argquments. . . Print
sp 100g  10G Annotate
Chrosal Condifiong L
Save ...
Output: Select ...
Name /Signal/Expr v Delete ...

Printing/Plotting Options ...

= Results in fusersZicicfovid/simulationfinafspectrefschematic

19
Help

Trasinn Hong
Grmisiont MmO
Trasinnt San
Grmisiont Hiteranoy
A4 Magnibatn
AL R
EEESEs T H
A Fmas
f A0 Magnibnie & Fase
$ A0 Bitfarence
E Eagdvadnnl Oulpt Molse
| Emdvainul fpul Hoise
Srend Ouipul Hnige

Strprawed Ianed Molge
Bing P

5N

5-Parameter ...

HE L

BEE L

POISTE L

EHYLE L

S-Parameter Results [ x|
0K | Cancel Help
Plot Mode 4 Append Replace
Function
* 5P £P ¥P HF
GD VSWR HFmin Gmin
Rn m MF K
Bl1f GT GA GP
Gmax Gmsg Gumx
M HC GAC
GPC LSBE 35B

Description: 5-Parameter

Plot Type futo # Rectangular
Z-3mith Y- Smith
Folar
Modifier
¥ Magnitude Phase dBZ0
Real Imaginary
s11 512
321 522
Add To Outputs

= Press Sij-button to plot...
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Some Results

Acod: El.Jm BTiM: Z199m Thoge "1 3" HC il ®:Z21.61G ¥: 0,18 321 dB20 Active 26
Wndowr Zacm - Amcs Curecs Markoes Aanotation Blit Tools Window Foom Axes Curves Markers Annotation Edit Tools Help
= T o fuminn=lmr Hez iz %
Tk . TELI - TIR o Fora Mt T — S—Parameter Response il
= ey =" LT R LI B TR B A 4
P Rz el " GrefS e * a1 821 dB2O -: S22 dB2O
':‘,I\/ FE ™, n o o f\l 3 AR 511 dBZ2@
g —i ‘J'i
o 7ML id A
& ol o, |
H ok |
—_ . _o-l' - ek [
g T
R R - e _om ¢
%:1.297G  y:7.161 NF dB10 Active 26 n ®:2546M  y:1.041 Kf Active
_ Window Zoom Axes Curves Markers Annotation Edit Tools Help | Window Zoom Axes Curves Markers Annotation Edit Tools Hel|
i kg .
\\ S—Paramster Response o x| S—PFParameter Response
g i g i NF dB12 [EZZJREAN
RN E ‘
-
..I.l.lle:l o :.‘w.':‘{ul?iv 15 g rriMouse 111
&k 1,894
§ 12 E
Sy | e F 1,674
% SR N
= T E
a‘ — 1.858
6.5 -
E 1.838
38 ¢ 1.012
ge L Sa@. Fm L
1G 160G 12EM 1G @G
freq ( Hz ) freq ¢ Hz )
nouse L:awviMouseSingleSelectPtl M: E: awviZoonInMenuCE () mouse L:awviMouseSingleSelectPth M: E: awviZoomInMenuCE ()
» -
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Savetheresultsto *.s2p

 Edit the S-Parameter Options,

S-parameter filein thefile
field of the OUTPUT
PARAMETERS section and
OK the S-Parameter Options
form.

» And Simulate again. Check if
thefileis created in the
appointed directory.

o

and enter the path to the output

~

3-Parameter Options E3
oK | Cancel | Defaultsl Apply | Helpl
STATE-FILE PARAMETERS
readns I
OUTPUT PARAMETERS
file Ier32,-‘“::icfn:uvid,-“EElpEm_pdk_la.bflna_testl. s2p
oppoint W rawfile _|screen _|logfile _|no

HOISE PARAMETERS

reftemp (C) I

CONVERGEMCE PARAMETERS

restart _lyes _|no

AMHOTATION PARAMETERS
annotate _ino _|title _|sweep W status _| steps

stats _lyes _|no
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S2P File

Z CIC
S—-parameter data file ~/users2/cic/ovid/251pbm_pdk_lab/lna_testl.s2p”.

: Generated by spectre from circuit file “input.scs”™ during analysis sp.
: 4:23:25 PM, Mon Jun 17, 2002
reference resistance

portl1=50 : is port PORTOQ

port2=50 : is port PORT1

format freq: sll{real.imag) s2l(real.imag)
s12(real.imag) s22(real.imag)

1.00000000e+05: 1.-2.01062e-05 —-3.50355e-18, 9.2434/7e-21
2.853e-20, 9.08223e-21 1.-4.39823e-05

1.25892541e+05: 1.-2.53122e-05 —-8.798e-18, 1.92698e-20
7.41827e-20, 1.87592e-20 1.-5.53704e-05

1.58489319e+05: 1.-3.18662e-05 —2.20953e-17, 3.989/2e-20
1.90564e-19, 3.82814e-20 1.-6.97072e-05

1.99526231e+05: 1.-4.01171e-05 —5.54941e-17, 8.26123e-20
4.85624e-19, /7.74999e-20 1.-8.77562e-05

2.51188643e+05: 1.-5.05045e-05 -1.39383e-16, 1./2265e-19
1.23111e-18, 1.56093e-19 1.-0.000110479

-16227766e+05: 1.-6.35814e-05 -3.50097e-16, 3.64524e-19
3.11055e-18, 3.13372e-19 1.-0.000139084
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Simulation State

Push Session ® Save State to save simulation states under a directory
called ~/.artist_states. Designate anew directory with the Session ®
Options command in the simulation window.

Push ® to load saved statesfor a design.

Saving State - - Affinma Analog Circuit Design Environment {3)

Ok Cancel | Defaults| Apply Help
Loading State - - Affirma Analog Crouit R Inz
0K | Cancel| Apply | Delete State Yhat to Save B Analyses B Variahles B Outputs
B Model Setup B Simulation Files B Environment Options

Library test B Simulator Options N Convergence Setup W Waveform Setup
Cell Iha B Graphical Stimuli B Conditions Setup B Results Display Setup
Simulator spectre
State Name

statel
What to Load B Analyses B Variahles B Outputs

B Model Setup B Simulation Files B Environment Options

B Simulator Options B Convergence Setup B YWaveform Setup

B Graphical Stimuli Conditions Setup Results Display Setup /
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' Read the S2P file(1)

e Create a new schematic
View.

« Uselibrary “analogLib”
(n2port cell) to draw the
scheme.

« Simulate If the results
are the same as before.

\

Virtuoso® Schematic Editing: test Ina_sZp schematic

Ciml: S3el: 0 17
Tools Design Window Edit Add Check Sheet Options Help
g . =59

o . . num =2

1 r = o@ .

@\g . L o 5 = Inc_teatl.sZp .
num = 1

_2 S 2—Port | g

% as FORTE + +

EIRS

y _ gnd

ﬁ_. .

%‘ mouse L:schSingliSelectPE() M: schHiMousePopUp () R: hiZoomIn )

CDF Parameter Value Display

S-parameter data file ITl_Pdk_lE'bf lna_testl. slp both _i |
Multiplier [ off i |

/
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~ 3. Lab2: Swept DC Analysis

Virtuoso® Schematic Editing: test nmos1 schematic

Create a new schematic view and use library e Ser0 -

“analogLib” & “tsmc25rf to draw the scheme, ™ P fow Bl ot e Sheet otins e
L
27 I
o . After “Check and Save”; then call the window ‘k J;d._@ j.
“Affirma Analog Circuit Design Environment”. % | e o
e = e
+ Setup up the Mode! Libraries 7] | ﬁ'% .
14 )
. PushVariables® Copy From Céllview, andthe =| L™
defined variables appear in the “Design ;Tmemchsmglesﬂec M. schHillousePopU R: hiZoonIn()

Variables” section. Double click on

the variable name or push Variables® Edit, the window “Editing Design Variables’
appears. Key in the appropriate value for the variables.

o _
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~Set up the Design Environment(1)

~

» Call the window “Choosing Analyses” and key in the values as right and push ok.

« To plot power or current at the end of the ssmulation,

you must explicitly save the currents necessary for

the calculation before the ssimulation. The voltages at

each node are saved by default.

« Select Outputs® To Be
Saved ® Select On
Schematic. In the
schematic, select the
NMOS. Theterminals are
circled in the schematic
window after you select
them. Press Esc to end the
sel ections.

o

Virtuoso® Schematic Editing: test nmos1 schematic - - Affirn Bl [=] B3

Cmd: Sel: 0 Stat 727 ¢ Simulator: spectre 25
Tools Design Window Edit Add Check Sheet Options Help
ol G

..... S
Il

i T
% -
T

mouse L:schSingleSelec M:schHiMousePopU E:sevChangeOutso

= modify_save

Choosing Analyses - - Affirma Analog Circuit Design EnvironmeEd
oK | Cancell Defaultsl P.pplyl

Help

fnalysis -~ tran  #dc  ac  onoise - oxf
A SENS .o 5p ~ pdisto - - pss
~pac - pnoise - - pxf .~ Bnvip

DC Analysis
Save DC Operating Point |l

sweep Vanable

_| Temperature

N Design Variable

_| Component Parameter
_I Model Parameter

Select Design Variable |

Sweep Range

4 Start- Stop :
. Center-Span  Start IE.E. Stop |2. g
Sweep Type

“# Step Size
. Number of Steps

Linear _|| IDL

Add Specific Points  _|

Options... |

Enabled ™
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Set up the Design Environment(2)

In the window “Design Environment” select Tools® Parametric Analysis...;
the window “Parametric Analysis’ appears, then key in the values as below .

In the window “Parametric
Analysis’ select Analysis
® Start to start the
simulation.

Affirma Analog Circuit Design Environment (2}

Status: Ready T=27 C Simulator: spectre
Session Setup Analyses Varables Outputs Simulation Results Tools Help
Design Analyses
Lib feot # Type Arguments. .. ... Enable
Cell rmo=1 1 dc t ] 2.5 100m TES

Viewr schematic

Design Variables Outputs
# Hame Value # Wame Signal Expr Value Flot Sawe March
1 VS TO0m 1 WMO D ¥ES WES N0
2 wds 0 2 HMO A G ¥ES  FES 0o
& WMO S5 ¥ES WES N0

Parametric Analysis - spectre(1): test nmos1 schematic

Tool Setup Analysis Help

Sweep 1

Range Type

Step Control

Variable Hame vgE Add Specification

From/To 1] To 2.5

From
Select W

Linear Steps Total Steps |7 |
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Waveform Window 6 - - Affinma Analog Circuit Design Environment (2)

Window ZFoom Axes Curves Markers Annotation Edit Tools

The Results

Active 24

(A

17.8m

14.8m

11.8m

8.8dm

5.83m

2.88m

—1.83m

&
A

test rmos! schematic @ Mav 6 144116 2081

vgs="2.5"15("/

wgs=""1"IS{"/NM =:

Help | iit Design Environment (2) [_ (O] =]

Select Results® Direct Plot ® DC and select the terminal “Drain” of the nmosin
the schematic window; then push ESC, and the results will be showed.

T=2¥ C Simulator: specire 12
Iyses Varables Outputs Simulation Results |Tunls Help
DC Sesponse
Plot Outputs - |
w1 wgs=""1.6"IS("/ o Direct Plot
_ Rt T E e HAERELY Transenl Sond
WIE= SEEM ,IS[ #  Type Arquments. . . Print
7 tyemsienl M 30
1 ds 2 s LI T typmsian Sam
AT BITEIE Trasiont Difforanoe
e AC sagnitinic
Output: Select ... L0 anin
# Nome/Signal/Expr  va DEIEIE ... A AR
Printing/Flotting Options ... S
1 m0/D resymy—y A4 Phnas
2 ml/G yes yes no %fsii Magrilale & Phase
R SR e B s srveence

53 T

L
1.4

mouse L:amviMouseSingleSe_ectPECE M:

vils

R:astiCancelielect(hiGetlur

»

¢ fmpestent Gulug Mol
£ Eatvnient Bipal Holbe
Srprnd Ouslnnl Hplge
Souared band Hoise
Hoiga Fraws
Dc

& Parmnstay
GE

EED L

FREETG L
ERVIE

34
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4. Periodic Steady State Analysis

« Directly computes the periodic steady-state response of acircuit in
the time domain.

 |terative Shooting Newton method is employed.

« Calculate frequency translations using the saved matrices at every
time point.

« Thefundamental frequency of the circuit or system is determined,
based on integer multiples of all source frequencies.

« Thecircuit isevauated for one period of the common frequency,
and the period is adjusted until all node voltages and all branch
currents fall within a specified tolerance.
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EE.CIC \
T Shooting Newton M ethod

« PSS operates by efficiently
finding an initial condition that 3V, }/\
results in steady state. | \/---f--vf A4
o o _ Thesigna startsat a The starting point is adjusted
» Thefirstiteration istransient point v; doesn't by the shooting method to
simulation fromt=0 to t=1/PSS 4 result in periodicity. result in periodic steady state.
by default. The tstab parameter
can be adjusted to facilitate

convergence. All node voltages

Transient Analysis and Admittance

: .. ' Matrices are saved
« Thesecond iteration is PSS l .PSS'?‘naIyS'S

analysis between t=tstab to «—» l
t=(tsatb+1/PSS, ;) and compares tsteh
al voltage and currents at the start
and end of the shooting interval. Snooting
Set the value of tstab to keep t=08 t=1/PSS; ,, {=2/PSS g

“start-up behavior” away.
- /
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Shooting Newton M ethod(continued)

Transient Response

1.om et WTE s met310)

1.6 E,
D E M i
S E M ;
FEEAm §_

— s@@Em |

S&HEra |

4@@Em |

SEEmm ; ‘

Z@E@rm g_ e BR > |
1EEm s = e € = 3 G T =i
_ 1 _ 1
T— T=
I:>SSfund I:>SSfund
Transient Analysis PSS Analysis

RF 2.4GHz |F 100M Hz

L]
 Shooting method takes the last few point data at the
end of the shooting interval to adjust the slopes of the LO 2.3GHz

waveform at the beginning of the next iteration.

« |If 20 iterations do not yield a solution, this might PSSung=100MHz

Ki ndicate the circuit won’t converge to a PSS solution. /
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PSS Analysis Assumptions

 1st Assumption : Periodicity

— All stimuli are periodic and coperiodic with the PSS, ; All
responses are periodic.

— PSSfund can be set to includes the subharmonics.
— If periodicity assumptions fail, PSS analysis will not converge.

o 27 Assumption : Linearity

— A near-linear relationship need to exist between initial and final
points of the shooting interval.
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The PSS Fundamental

/

» Mixer ——{ BPF ——» Mixer —» BPF |—— Output

150 MHz 10 MHz

RF I nput

IF1 |F2
S00MHz 11050 MHzZ T 160 MHz
Local Local
Osc. Osc.

PSS = 10 MHz
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PSS Oper ation

nitial Transien
[ Start PSS } ‘ perlod or tsta

1 Perlod of |,

PSS Analysis Refine
Initial
Guess

Final _State
nitial State

5 { Exit } Yes y
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Simulator Accuracy Suggestions

Do not set “conservative”. Thiswill dramatically extend the smulation time.
AV and Al <rdtol* [teratio* steadyratio

The suggested settings are recommended for IP3 Analysis, Noise Analysis,
or wherever high accuracy is needed.

Choose the gear2only integration method. The default trap integration
method yields

underdampi ng and Parameter Defaults Suggested Settings
gearone yi edstoo reltol le-3 1le-5
much overdamping. vabstol 166 s
iabstol le-12 le-13
Method trap gear 2only
errpreset reltol relref method maxstep steady-ratio | lteratio
liberal x10.0 | alglobal gear2 <0.4/maxacfreq 0.1 35
moderate x1.0 | sigglobal | traponly | <0.2/maxacfreq 0.001 35
conservative | x0.1 | allloca | gear2only | <0.1/maxacfreq 0.00001 10.0 /
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Nor malized Convergenceratio

* When the Conv norm is 1(unity) or less, the ssmulation
meets the matching criterion.

» The PSS messages also display the number of PSS
Iterations, the number of accepted timesteps, and the total
time required for PSS analysis.

Measured DV between start and end of shooting interval

Conv norm = reltol* [teratio* steadyratio
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Createanew | Y

schematicviewand ~ ¢ = = el
usellbrary """"""" Ll g
“anal OgLIb,, & ............. e ;:;eﬁgf?gﬁﬁu I 'i'nmlgs.rf"
“tsme25rf”todraw - ¢ | T "{ i240d

the SCheme B e T T fingars=15

24930 24000 | o mte
willie 0 wiEfo : :

Port1: | = = & &
Frequency name: F1| . ™ DT
Resistance: 50 | |

Source type: sine
Amplitude(dBm): -40
Frequency: frf

Port2:

Frequency name: F2
Resistance: 50
Source type: sine
Amplitude(dBm): 8
Frequency: flo




Setup up the PSS Simulation(1)

« Model library setup.

« Call the window “Affirma Analog Circuit Design Environment™; key Iin
appropriate value for the variables in the “Design Variables” section.

* Analyses®
Choose. Inthe
window “Choosing
Analyses”, select
PpSS.

Arfirma Analog Circuit Design Environment (1)

Status: Ready T=27 C Simulator: spectre 4

Session Setup Analyses Varables | Outputs Simulation Results Tools
Edit. ...

Help

~

Design Analyses ‘-i{,
Dy
Lib best e quments. L Enzhle l:l?rl:HH
Cell mixer Copy From Cellview -
View schematic Col
OK | Cancel| Apply | Apply & Run Simulation Help
Design Variahles
Selected Varahle Tahle of Design Variables
#  Hame Value #
Fimrrg flo #  MName Value

1 frf 2.46
2 flo 2. 36 value (Expr) | 2. 3G 1 frf 2. 4G

&, ali

Add | Delete | Change | Mext| Clear| Find

Cellview Vaniables Copy From | Copy To
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Setup up the PSS
Simulation(2)

The Signal field isONLY applicable to the pdisto
analysis.
Beat Frequency represents the PSS Fundamental

(PSS,,q) frequency. Thisfundamental is the highest
frequency that evenly dividesinto all frequenciesin

the circuit. You may key in an appropriate value or
push Auto Calculate button to get an auto-
responded value.

Set the value for number of harmonics. The
number of harmonics won’t affect the ssmulation
accuracy or time.,

Make sure the Enabled field ison.

Click the Options button and set the integration
method to gear2only.

Choosing Analyses - - Affirma Analog Crcuit Design EnvironmdEd

oK | Cancell Defaultsl H.pplyl

«~ tran o dc o BT o hoise - - Xf
L Sens - Sp -~ pdisto # pss
- pac - pnoise - - pxf o Bnvip

Analysis

Periodic Steady State Analysis

Fundamental Tones

/7 N\

I# Hame Expr Value /Sig'nal \ SrcId
2 Fl frf 2.40
3 F2 flo 2. 36

Moderate PORT1
Moderate PORTZ2
Mo = | I

Update From Schematjcl

i —

ClearfAdd | Delete |

“# Beat Frequency
-~ Beat Period | 1003

Auto Calculate |l

Output hanmonics

NMumber of harmonics — | |5EF:.

Accuracy Defaulis (errpreset)
_| conservative _| moderate _| liberal

Additional Time for Stabilization (tstab) I

Save Initial Transient Results (saveinit) _|I no | yes

INTEGRATION METHOD PARAMETERS

_| euler _| trap
_| gearz W gearZonly

_| traponly

method

Oscillator _|
Sweep _|
Enabled W Options... |

4-11
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* Inthe Analog Artist Simulation window,
select Simulation ® Options®
Analog. Set the Tolerance Options as
recommended. If it is hard to converge
set the Tolerance Options looser.

« Finaly, Select Simulation ® Netlst
and Run to start the
simulation. Noteif the &=
Convnormisless

"""" Conv norm = 59. 8e-03, . max d¥ fnetdl10

"un w
-------------------------

Total time required for pss analysis ‘pss’ was 24.44 s,

8.859 ns (87T 5 ).
9. 362 ns 2.5 %,
0,859 ns T 5o,
Conw norm = 69,1, max d¥{net0110) = 1. 46932 mV,

I# e Value I# Name /Signal/E Hetle! ol Delagg BHDL LNy
Dalueg AHDL
1 f:if 2,46
2 flo 2. 36
\ 514
Simulator Options
step = 8,122 ps {81.¢
step = 9.105 ps {9 0K | Cancel | Defaultsl Apply |
step = 6. 162 ps (61.¢
took 2.15 =.
pss: time = 365 ps {2.56 %), step = 8.08 ps (80.{ TOLERAMCE OPTIOMS
thar] 1 Or If the PSS pss: time = 8509.1 ps (7.5 %), step = 1.951 ps (19.!
pss: time = 1.359 ns [12.5 %), step = 2.678 ps f26. 1 =
pss: time = 1.862 ns  (17.5 %), step = 5.026 ps (59, reftol IlE 5
" Iat h pss: time = 236 ns (22 5 &), step = B.878 ps (BB
g I I lu |On % a. pss: time = 2 863 ns (275 2), step = 5 836 ps (58.4 yahstol I:-EE_S
pss: time = 3.361 ns {32.5 %), step = 5.053 ps (50!
nV t r It pss: time = 3.867 ns (376 %), step = 8. 321 ps (83,1
CO el’gen eSult. ps=: time = 4.364 ns {42.6 %), step = B.076 ps {(89.{ ijabstol Ile-li
pss: time = 4. 865 ns (47T .6 %), step = T7.645 ps (76!
pss: time = 5.359 ns (525 ), step = T.123 p=s (T
pss: time = 5.8BE ns (ET.5 %), step = 2. 543 ps (25 ¢ TEMPERATURE OPTIONS
pss: time = 6.359 ns (62.5 %), step = 2.683 ps (281
pss: time = 6. 865 ns (6T .6 %), step = &.326 ps (63.7
pss: time = T.36 n= (T2 5 &), step = 8 877 p= (88t temp sz
pss: time = T.862 ns (T7T.5 %), step = 5.64 ps (56.¢
pss: time = 8.361 ns (B2. 5 %), step = 4.894 ps (48 5 ey
pss: time = 8.859 ns (87.5 %), step = 8,122 ps (B1l. 2 m=)
pss: time = 9,362 ns (92.5 %), step = 9.105 ps 91 mE)
..... P Eiing .m0, 859 ns (97.5 &), step = 6,162 ps (61.6 m%)

]

Affirma Analog Crcuit Design Environment (1)
Status: Ready

Hetlist and Run

2 Setup up the PSS Simulation(3)

I [=] B3

T=27 C Simulator: spectre 4
Session  Setup Analyses Varables Outputs Simulaﬁunlﬂesults Tools

Help

. Enable

Design
Run
Library test I“"lL Type Ar Stop
cell mixer 1 pss 1C Options
View  schematic Hetlist =
Output Log ...

Design Variables

Convergence Aids

= -1. 27135 uv, took 2.06

-

L fnaloq ... |-

Digiind L.

B Shsmd .|

._E?

4 AC
F TRAH

/% | T

%

£
T
L=
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\ Display the Conversion Power Gain-

method 1

* Inthe Analog Artist Simulation Window, select Results
® Direct Plot ® PSS. Note the prompts on the bottom
of the schematic and PSS Results windows.

« The PSS Resultswindow MUST be on the screen when
probing the nodes in the schematic. Don’t push OK.

 Inthe PSS Results form, use the cursor to select the Pif
net and Prf nets on the schematic. Press Esc to end this
command.

 Click the Switch Axis M ode icon on the \Waveform
Window or select Axes® To Strip.

~

PSS Results

0K | Cant:ell Helpl
Plot Mode 4 Append .- Replace
Analysis Type
| # pss |
Function

“# Voltage - Current

-~ Power -~ Voltage Gain

-+~ Current Gain -~ Power Gain

+ Transconductance - - Transimpedance
~~ Compression Point - IPN Curves

~ Power Contours -~ Beat Frequency
-+~ Reflection Contours

Sweep # spectrum - - time

Modifier

4 Magnitude - - Phase - dB20
+ Real + Imaginary

Add To Outputs | Heplntl

» 3elect net on schematic...

4-13
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Display the Conversion Power Gain-
method 1(continued)

5 pm_=: v /netld; pss magq(¥)

« Click the Crosshair Marker A :
icon and place the marker onthe ~ *"™ i
2.4GHz harmonic of Prf. _36m]
» ClicktheCrosshair Marker B 2 |
icon and place the marker on the ;
100MHz harmonic of Pif. 1.0m |
e Prf: @-@E.....T..:....T....:..f.....:.......:........:
Magnitude: 4.0085m sg@m 1: v /net#63; pss mag(v)
Power: @38 dBm
- Pif: 2@
Magnitude: 4.08038m - :
Power: @37.8 dBm o ]
« Conversion Power Gain ]
@0.2dB +3dB =3.2dB | S | R R
@.g 186G 2.8G 386G 4,86 506G

freq ( Hz )
A %2.4'3 4.885m ) defa: [-2.3G 71.8753u]
B: (10AM 4. B8AZEmM) slope: —31.2588¢f
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Isplay the Conver sison Power Gain-method 2

« Select Output ® SaveAll ... and the window “Save Options” appears. Set the
buttons as below window in order to get the AC power!

« Select Outputs® To BeSaved ® Select On Schematic. In the schematic, select
the PORT1 and RL 1. The terminals are circled in the schematic window after you
select them. Press Esc to end the selections.

Save Options
_ _ 0K | Cancel | Defaultsl Apply | Help
« Double click on the name in the Outputs
. Select signals to output (save) _Inone _|selected _[Ivipub _[Ivl W allpub _|all
section or select Outputs® Setup. Set et pover sl o ouout () _{nons_total | devices | sucicts o a

the OUtpUtS WI I I Be PI Otted and Saved Hat fovel of subobrull o oulnd {nesibvly I

Select device currents {currents) _| selected _| nonlinear W all

Setting Outputs - - Affirma Analog Circuit Design Environment (1) et subcircuit probe level {subcktprobelvl) II

oK | Cancell .qpplyl

Select AC terminal currents (useprobes) W yes _|no

Selected Output Tahle Of Outputs
Mame {opt.) [[ |# Name /Signal /Expr Walue Plot Save 1 Select AHDL variables (saveahdlvars) _| selected _| all
Stane | #RL1/MINUS 1  PORT1/PLUS yes all
' PORTL/MINUS yes all 1 save model parameters info
Ty |Current 3 ERL1/MINUS ves @ 3
4  ERL1/PLUS yes all 1 )

vill Be W Plotted W Saved _| Marched | Save elements info

H.ddl Deletel Changel Nextl MNew Expressiunl Save output parameters info




icc)  Display the Conversion Power Gain-

[ |
method 2(Continued)
P55 Results
OK |Cancel| Helpl
* Push Netlist and Run icon to run this ssmulation. Pt % fopend  eplce
ysis Type
 Select Results® Direct Plot ® PSS. Set the function and s |
modifier as right; Select instance terminal(PORT1 & RL1) in o —
the schematic window. Press Esc to end the selections. S an Y Loage Gl
- Transconductance - - Transimpedance
 Compare the results to those of method 1. v Compression Fuint /[P Qrves
- Power Contours -~ Beat Frequency
L z2p o = PUPORTL/PLUS /net13); pss dBmp AL LTTE o E o)
—BE.@ ; -
——TE.E g
.-:E . Currently, only spectrum data is available
LT Modifier
e . ‘ ‘ ‘ ‘ ‘H -~ Magnitude . dB10 4 dBm
cvso L L L T T L
1 4 plARLI/PLUS /met@63): pss| dBmp
—1@
— 3D
E B
Sz —Em ]
—7E ;
oo A I g g L memomme
e 5.EmG
!:' %@%GM 439?3}§8®§§1]?|eltu = z?cc'sne% 5_»514?18321:req ¢ Hz ) = 3elect instance terminal on schemadic...




1 dB Compression Point Simulation

« Change the Amplitude(dBm) of PORT1 to a variable prf; Designate a value to prf in the

Design Variables section.

* |n the Choosing Analyses window, turn on the Sweep button as shown here. Typein prf for the
Design Variable Name, or click the Select Design Variable button, and highlight prf from a

list , then click OK.

« Remember to check inthe INTEGRATION METHOD PARAMETERS the method is

gear 2only.

Choosing Analyses - - Affirma Analog Circuit Design Environment [EJ

« Select Netlist and Run button. | ok | cancel| petauts| appiy|

Affitma Analog Circuit Design Environment (1)

T=27
Session Setup Analyses Varables | Outputs Simulation Resu

Status: Ready

Edit ...

~~ A o hoise - - =2f
- plisto ¥ pss
. Envip

sotran - -dc
s SENS - 5p
s pac . pnoise .- pEf

fnalysis

Accuracy Defaults (enpreset)
_| conservative _| moderate _| liberal

Additional Time for Stabilization (tstab) I

Save Initial Transient Results (saveinit) _Ino _| yes

Design Analyses
Errdsria
Library test i quments. . ...
Cell mixerl Copy From Cellview
i M 246 100
View  schematic ICDW To Cellview
Design Variables Outputs
#  MName Value I# Wame /Signal/Expr Value
1 prf -40 1  PORTL/PLUS
2  frf 246 2 PORT1/MINUS
3 fla 2,30 3 RL1/MINUS
4  ERL1/PLUS

» Results in fusers?/cicfovidfsimulationfmizer1 fspectre/schematic

Oscillator _|
Periodic Steady State Analysis
Fundamental Tones Sweep Frequency Variable? 4 no . yes
I# Name Expr Value Signal Sreld Variahle = R IPIE—
2 Fl frf 2.46 Moderate  PORTL Select Design Variable |
3 FI flo 2.36 Moderate  PORTZ
Sweep Range
4 Start-Stop

Moderate | I

Update From Schematicl

o —

Clearfadd |  Delete |

|1um~: Auto Calculate

“# Beat Frequency
-~ Beat Period

Output harmonics

Humber of harmonics — | |5E‘

Start |—4t§ Stop |EE.

-~ Center- Span

Sweep Type
“# Linear # Step Size -
+ Logarithmic + Humber of Steps I 2

Add Specific Points |

4-17

Options... |

Enabled W




: P1 dB Simulation Results

command.

Wowatarm Wik 1 iima fraleg Crtubl Deslip Bivkmiend (1)

« Use Direct Plot function to see the results. Set up PSS
Results form as shown here. Then select the Pif net in
the schematic. With the cursor still in the schematic
window, press ESC key to end the Direct Plot

e LZAT v 40T hoce="lIBAIE"CompTsHOnInes e 11
Wrdow 2aom ke Queves MAkLs Soratadon B0 Toaks Hali
Gl
W
_I J
o Cotrnne= AR e e arer sionn L ey
o vt fpmmacles s e g — e e = ey
:.-I i B [ e R T Rt 1 N T
Ayl T
[ -
L1 |
T
j'r‘ Inpus 2efaren Al T mprarsien o= _
- et — o ST
. L .
p
a e
— i T
Rt Lot = Minete 30
- I LTh
L e ke, wride Tk -I'L":'.*'-i
-5 —Ti —i —1il v
prooiosml

P33 Results
0K |Cance||

~

Ed
Helpl

Flot Mode 4 Append - Replace
Analysis Type

‘ & pss

Function

-+ Yoltage +~ Current

-+ Power -+~ Voltage Gain

-+ Current Gain ~~ PDwer Gain

« Transconductance - - Transimpedance
4 Compression Point - IPH Curves

+ Power Contours -+ Beat Frequency
-+~ Reflection Contours

Gain Compression (dB)
“pri* ranges from -40 to 0

Extrapolation Point {dBm) I

(Defaults to -40)

Input Referred 1dB Compression |

1st Order Hanmonic
] oA

i
2 200M
3 300M
4 A00M
Fi
Add To Outputs | Heplutl

= 3elect port or net on schematic ...
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Simulating | P3

now 25MHz.

« Runthe smulation

Choosing Analyses — - Affirma Analog Circuit Desi
OK I Cancell Defaultsl Applyl

Analysis e tram e i e AT e NIOISH
o SENS - SP o pdisto @ pss
- pac o PNDISe - - pxT - vl

Accuracy Defaults (errpreset)
_| conservative _ | moderate _ | liberal

Additional Time for Stabilization (tstab) Iv

Sawve Initial Transient Results (sawveinit) _Ino _| yes

Oscillator _|

Periodic Steady State Analysis

Fundamental Tones

Sweep Frequency Yariable? 4 no . - ves

variable — |

Yariable Hame I prE

-4 Beat Freguency
- Beat Period

| Z5M Auto C

Output hanmonics

Humber of harmmonics s I

I# H=Ems Expr Falue Signal Select Design Yariable |
2 Fl frf 2. 4G Moderate
3 FZ flao 2. 3G Moderate Sweep Range
1 F3 frf+25M 2. 4250 Moderate
X e start [-4d e
H Center— S -4k Stop
I II I rModerate I ~er Lenier—span
Clearfadd | Delete| Update From Schen | Sweep Type

% Linear
- Logarithmic

& Step Sire
. Humber of Steps

—

Add Specific Points |

Enabled ™ Options... |

-,

~

 PSShy itsalf is seldom used for |P3 simulation, because the separation between the
2-tone frequency is typically only a few Khz, and leads to a very long simulation time.

« Edit PORT1 properties asright. So The Fundamental (Beat) Freguency is

« Set up Choosing Analysis form appears as shown below and push OK

lFrequency e I-F-]:--------I

lSecund frequency name

lNuise file name I

IHumber of noiseffreq pairs I':E

|
Resistance

i |5|J Ohms
IPort number | L

:DC voltage i
[Source type I sing
:Delay time i
Lamplitude L
l.ﬂmplitude {dBm) |t

I
linitial phase for Sinusoid I

:Fr'equency I frf Hz

[Amplitude 2 L

Lamplitude 2 (dBm) prf
| z

Initial phase for Sinusoid 2 I

|
| |
|
|
||
|
|
1
|
|
|
| |
{Sine DC level i I
|
1
|
|
1
|
|
|
| |
1
|

lFrequen[:y 2 frf+2EM qu

BN e wes wew  wew s wes wes wew s wes wes  wes wws  wws  www wm w—w—
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« Use Direct Plot function to see the results. Set up PSS P”m“
. . 0K | Cancel Help
Results form as shown here. Then select the Pif net in the R
schematic. Press ESC key to end the Direct Plot command. rm |
# pss
= ] . F ti
3rd order intermodulation product will occur at = o N
(2° 2.4GHz - 2.425GHzZ) - 2.3GHz = 75 M Hz Vommon o
. . . ~~ Transconductance - - Transimpedance
-~ Compression Point 4 IPN Curves
w: trace=""1dB dE''ipnZurves a1 trace=""1st Order'ipnCurves v Power :Cnntnur‘s v Beat Frequency
S g _-=-; traoce=">d B/-dE",;fppnCurves o traoce=">rd Order”’;i%r‘lCurves RAlifa LT T
1. = g
- Circuit Input Power - Single Point
o Varable Sweep
—1ee | Crrt
) E "prf" ranges from -40 to 0
Extrapolation Point (dBm) |T
—S@.E
a
P A e Input Referred IP3 . | Order 3rd . |
; Mot — " /rot@s3H Jrd Order Harmonic 1st Order Hanmonic
e 0 0|
E 1 2EM
- 3rd CGrder freq — 75k 2 S0M
F 3 TEM
—EE. 5 ‘
i st Order freq = 1EERM Add To Outputs | Replot
—e —_4-@ —Iz-@ —IZE —I'IQ Eﬁl_@
~_ pri ( dBm J = Select port or net on schematic ...

| P3 Results

~
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CIC _ \
5. PAC Analysis

PAC isasmall-signal analysislike AC analysis, except the
circuit isfirst linearized around a periodically varying operating
point as opposed to a simple DC operating point. Linearizing
around a periodically time-varying operating point allows
analyzing transfer-functions that include frequency trandation.

When asmall sinusoid is applied to alinear circuit that is
periodically time-varying, the circuit responds with harmonics.

PAC computes a series of transfer functions, one for each
frequency. These transfer functions are unigque because the input
and output frequencies are offset by the harmonics of the LO.

-1



~

: PAC Analysis Overview

PACissimilarin concepttonormal  fou =Tin +Ki™ PSSy

calculates frequency conversion N
effects. A

e By setting the maxsideband valueto  LO

_ | nput Output
» PAC computes the transfer function —P@—>
from one input to many outputs.

LO

small-signal AC analysis, butitalso ~ wheref;, represents the input frequency,
and K1 arethe PAC sidebands

v—h

Kmax PAC generatesall 2K, +1 T I\

sidebands from—-K __ to +K State

« Thesmall-signal frequency inaPAC ;
analysis can be arbitrarily close or |nput ' T

PSS, Harmonicno.i0 1

even egual to the LO frequency.

output T T

k PAC Sideband no.-3
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Fundamental PAC Assumptions

 The PAC small signa analysis assumes that the circuit responds in a small
signal fashion to the sinusoidal stimulus. This isaccomplished by keeping the
magnitude of the PAC signal at least 10 dB below the 1 dB GCP.

« The harmonics of the small signal PAC tone are not computed, although
small signals can be used to measure distortion caused by the large signals
present in the PSS analysis.

« For the transfer function to be accurate, alarge number of time steps, during
the PSS analysis, are needed at the small signal frequency. If the analysis
frequency of the small frequency analysisistoo high, the accuracy degrades.
The maxaxfreq parameter of the PSS analysis can be used to specify the
highest frequency that SpecteRF uses in subsequent small signal analyses.

. /
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: PAC Analysis Summary

 Specify the following information when running a PAC analysis:

The number of harmonics should be no less

PSS fundamenta than the PAC harmonics. *
|nput port Set type to dc and specify PAC magnitude
|nput sweep frequency Sweep, array or single point

Output frequencies of interest | Sidebands or Array of Indices

* When setting Output harmonics less than the PAC harmonics, be sure to set
the maxacfreq parameter to assure that the ssimulator takes sufficient time
points to accurately characterize the output waveform in the PSS analysis.

"
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' L ab4 . PAC Analysis

¢ Usethe same schematic as Lab3.

« Modify the parameter values of PORT1 as below table.

Note : When the source typeis set to dc, thissignal will not be checked for
coperiodicity with the other signals; this source will be treated as a small signal.
When the source is set to sine, it will be considered “large signal™.

Parameter Vaue
Resistance 50
Source type dc
Frequency frf

PAC magnitude 1
Amplitude (dBm) | prf
Amplitude2 (dBm) | (blank)
Frequency2 (blank)

~
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Setting Up the PAC Simulation A

o cort voane sl o Call the window “Choosing Analyses”; In the pss form,
SR fill in the form asleft; then click Apply.

. | Note the number of harmonicsis set to 0, because the PSS simulation

——— isonly run to calculate the large-signal, steady state solution.

# Hame Expr value Signal Sreld Choosing Analyses -- Affinma Analog Circuit Design EnvironmeEq . B B
TE e aw edr pom oK. | cancel] eauts| Ay wslle Click on pac in the Choos ng

fnalysis tran dc ac hoise =f

— S R Analyses form, and setup the form
Clearadd | Delete Update From Schematic as |ert’ ther] CI I Ck OK .

# Beat Frequency Periodic AC Analysis

Beat Poriod |.36 i Gloate B\ s goat sromoncy (62) (D The Frequency Sweep Range sets the
cut s Swoepype sweep range on the psin(port) component
rm—— Fonuancy Swoop Fange () at the input port which has a PAC
start-stop | start sop [2657 magnitude parameter value specified.

Sweep Type

Step Size

tnear ¢ umber of stops |41 The value for Maximum sideband is
A Specitc Points relative to the Fundamental frequency.
o cnearvaive i modorals_{ tora Sovancs Since the LO frequency and PSS; 4 are
e | =t P equal, you get the results of mixing the RF
with the 0 through 34 harmonic of the LO.

Oscillator

Sweep

Enabled ® Options... Enabled ® Options...

5-6
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CIC \
Plotting the Conversion Gain
- Note how much faster this ———

| PSS 4 pac |

simulation runs than the previous
method used to calculate CG. X A

« UseDirect Plot function to see

t he reSl.JI tS- Sweep 4 spectrum - sideband
Modifier
-~ Magnitude - Phase # dBz0
+~ Real + Imaginary

* |nthe schematic window, select
the Pif node, and the result are
plotted as next page:

Add To Outputs | Heplutl

k » 3elect net on schematic... /

S5-7
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@ Periodic Steady State Response

 To measure the CG
’ v harmonic="3"y Jret o7 hormonic="2"y /et o haormonic="1"y /net v harmonic="E"y /et

move the marker to 19 9 E_,a: harmonic="—1";v /\ne:-: harmonic="—2" /nes: harmonic="—=3" /na

the 100MHz 0
position in the o |
waveform window
andread thegain. " |
4.3 _

~

5% 2.0 _ _1
Noteif theinputand | /o vl
output port are both
matched to 50ohm, % ¢
we get conversion P -3
power gain;
otherwise we get Bl 2 V3
conversion voltage emw R o o R .

ga| n. e S ' freq ( Hz } ' '
K o (TBaM 2,55552j/,' /
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E@unning a Swept Small-Signal 1P3 Simulati

~

on

* Modify the parameter values of PORT 1 asright
table; then check and save!

» Select pssinthe Choosing Analyses form, and
setup the form as below : Note now the
Fundamental Frequency is 100 MHz

 Set the Number of harmonicsto 50 and you
have the harmonics avallable to view: it won’t

- - Affinma Analog Circuit Design Environment B3

Choosing Analyses
oK | Cancell Defaultsl Applyl

- - . Analysis - tran R [ RS ac_ x noise - =T
simulation time. Som oM SEED o

 Click Apply!
The Choosing

Periodic Steady State Analysis

Fundamental Tones

#  MName Expr Walue Signal ScclId
Analysesformis = =
3 FE flo 2. 36 Moderate PORTE

still active on the
screen.

"

Moderate s I I

Update From Schematicl

o —

Cear/fdd | Delete |

“# Beat Freguency
-~ Beat Period

| 100H Auto Calculate [

Output hanmonics

Humber of hanmonics | ISEFT.

Parameter

Vaue

Resistance

50

Source type

sine

Frequency

frf

PAC magnitude

(blank)

PAC magnitude (dBm)

prf

Amplitude (dBm)

prf

Amplitude2 (dBm)

(blank)

Frequency?2

(blank)

Sweep W

Variable —

Select Design Variable |

Frequency Variable? 4 no . yes

Variable Name |prﬁ.

Sweep Range

“# Start- Stop
-~ Center- Span

Sweep Type

“# Linear
- Logarithmic

“# Step Size

fdd Specific Points  _|

Start | -40, Stop | i

- Humber of Steps

Enabled W

Options... I =

59
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Setup up the PAC Simulation

In the Choosing Analyses form,
select pac; then set up the form as
right:

Thissimulation applies a 2.425GHz
tone in the PAC analysisto compare
the results by the swept PSS. This
PAC test tone istypically separated
according to “channel spacing”.

Click OK.

Select Netlist and Run.

Analysis -~ tran - dc wac -~ hoise
e v 3p ~ pdisto -p
4 pac - pnoise o pEf envip

Periodic AC Analysis

BES Healt Promesny (3 100M

Sweeptype = |

Frequency Sweep Range (Hz)

ISingle—PUint. [1 Freq |2 4254

Because the sweep section of the PS5 analysis is active,
only a single point for this analysis is currently supported.

Sidebands

Maximum sideband | |5EE

Enabled M
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| P3 Results

LO:23G RF: 2.4 G & 2.425G
1t order harmonics; 100M & 125M 3d order harmonics; 75M & 150M

« Theonly 1% and 3" order pair available from this analysis
(dueto the 100MHz PSS, ,4) is 125M and 75M.

« UseDirect Plot function:; salect the Pif net in the
schematic window.

« Compare the IP3 values using 2 different method!

w: troce="1dB/dBE"ipnCurves a7 troce="1st Order'ipnCurves
S g = trace="2dB- dB";ipnCurves 1 troce="3rd Order'ipnCurves
1@
— 1@,
— @
fuia]
=
— —EE.E
Met = " MetE@E3"
— 7B
>rd COrder freq = FoOM
— S @
4 1st Order freq = 125K
— 1@ B e e e e e
— @& — 3@ — 2@ — 1 [

P33 Results
0K |Cancel|

Plot Mode

Analysis Type

4 fppend - Replace

‘ s Pss # pac

Function

- Voltage
“# IPN Curves

- Current
-~ Pss Beat Frequency

Circuit Input Power - Single Point
“# variable Sweep

“prf" ranges from -40 to 0
Extrapolation Point {dBm)

Input Referred IF3

("prf*)

| order Jrd |

3rd Order sideband

Add To Outputs |

15t Order sideband

=27
-26
-25

275M
1754
T5M

Replntl

» Select port or net on schematic ...
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6. PXF Analysis

» The periodic transfer function (PXF) analysis directly
computes such useful quantities as conversion efficiency(the
transfer function from input to output at a preferred frequency),
Image and sideband regjection, and power supply rejection.

* Theprimary use of PXF analysisisto measure various
conversion gains. Thisisvery valuable when looking at
different spurs on the input of areceiver.

« PXF can be abetter choice for calculating CG than PAC,
because PXF will provide information on all of the frequencies
on the RF port that are converted to the | F band.

«  When simulating oscillators, PXF can determine the tstab
_ value, -/
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" PXF AnalysisOverview

| nput Output
The PXF analysis computes the @
energy contributions from all source

. : . K = ’ LO
harmonic frequenciesto asignal or Tin = Tou +K* PSSyng

swept output frequency. In thisway, wheref ,, represents the output signal

asingle output response is the frequency; kK is thi PXF sidebands number

combination of all possible A
frequency components in the design. ’
LO . g
A
Set the maxsideband, or the '
sidebands parameters, to select the State T T T s f
periodic small-signal input PSS g Harmonicno.;0 1 3 4
frequencies of interest, while § T
sweeping the selected output Output L

B input_* T T T T T Té/

PXF Sideband no. -2
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Fundamental PXF Assumptions

The PXF small signal analysis assumes that the circuit
responds in asmall signal fashion to sinusoidal stimulus.
SpectreRF is not capable of computing the distortion caused
by the small signals, although small signals can be used to
measure distortion caused by the large signals present in the
PSS analysis.

To increase accuracy, choose alarge number of time steps
during PSS analysis. If the analysis frequency of the small
signal analysisistoo high, the accuracy of the results degrade.
The maxacfreq parameter of the PSS analysis specifies the
highest frequency uses in subsequent small signal analyses.

6-3




: PXF AnalysisSummary

~

 Specify the information in this table when running a PXF analysis.

PSS fundamental

The number of harmonics should be no less
than the PXF harmonics. *

Output net (v) or

Specify inform

Voltage source (i)

(To measure current, put a Ov battery in series
with the branch. )

Output sweep frequency

Sweep, array or single point

|nput frequencies of interest

Sidebands

* When setting Output harmonics to 0, be sure to set the maxacfreq parameter
to assure that the ssmulator takes sufficient time points to accurately

characterize the output waveform in the PSS analysis. /
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L ab5 . PXF Analysis

» Because PXF isasmall signal analysis, only onelarge
sighal tone, the LO, Isrequired. Set the PORT1 as

follows:

Parameter Vaue
Resistance 50
Source type dc
Frequency frf
PAC magnitude (dBm) | (blank)
Amplitude (dBm) prf
Amplitude2 (dBm) (blank)
Frequency2 (blank)

6-5



CIC

oK | Canc I| De faultsl ﬁpplyl

" Setting Up the PXF Slmulatlon(l) _

Analysis o tran e W ac - hoise

* Inthe Simulation window, select Analyses® %= Zhw 5 St

Choosg; turn off the pac analysis. Then select

the pss analysis, and set up the form asright: |F= = e o
» Note the number of harmonicsis set to 0, | o et s

because the PSS simulation is only run to N

calculate the large-signal, steady state et [T

solution. Therefore set avalue for maxacfreq

In the PSS Options form. Set maxacfreqto 4

GHz. L

e et oy 103
Click Apply in the Choosing Analyses form. e -

| Sweep _|
Enabled ™

Options...
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T Setting Up the PXF Simulation(2)

 Click on pxf in the Choosing Analyses form, and setup
the form asleft; then click OK .

« The Frequency Sweep Rangeis specified from 1IMHz to
300 MHz. The PXF analysis will calculate all inputs that
produce this range of frequencies at the Pif port.

 To set the Positive Output Node, click the Select button,
and select the Pif node in the schematic.

e Click the
Netlist and
Run.

N

Choosing Ahalyses - - Affima Analog Circuit Design EnvironmeEd
OK | Cancell Defaultsl Applyl Helpl

Analysis -~ tran < -dc - ac « - hoise - - xf
W SBNS o SP - pdisto - - pss
~-pac - pnoise ¥ pxf ~~ Bnvip

Periodic ®F Analysis

RS Sead Peormmnsy () [2.306

Sweeptype =i |

Frequency Sweep Range (Hz)

Start-Stop — | Start |11«§_ Stop |3001‘i

Sweep Type

Linear |

Add Specific Points  _|

- Step Size :
“# Humber of Steps 100

Sidebands

Maximum sideband I I3 |

Output
# voltage Positive Output Node I/netﬂs:‘.": Select |
rohe 5
VP Megative Output Hode If" g [ Select |
Enabled ™ Options...
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lotting the RF to | F Conversion Gain

« Use Direct Plot function to see the results. In the PSS Results form, select pxf
button. Follow the prompts at the bottom of the form, and select the port
component (PORT1) in the schematic

oK | Cancell Helpl

w1 harmonic="2": =1 harmonic="2"; o: harmenic="1"; %: harmeonic="E"";
2 a: harmonic="—1";=: haormonic="—2"a: hormaonic="—23""; Flot Mode “# Append .- Replace
Analysis Type

| - PSS @ pxf |

— Function

14 F O “# Voltage Gain < Transimpedance
C -~ Pss Beat Freguency

% —1d :_ Sweep “# spectrum - sideband
— Modifier
- Magnitude - Phase “# dBz20
r - Real - Imaginary
—Z2B L
— 3 C - %\‘
R T S R L R
R 1, S 260G 4 GG &.00G 8 @G | AddTo Outputs Replot |
k - R freq ( Hz )
(\ AU L2387 776G 2558597 ) » Select port or voltage source on schematic ...
P

-~ -
e - —
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Power Supply Re ection

Double click on the pxf analysisin
the window “Design —

Environment”, and the Choosing X |—|'T u:
Analyses form appears. Change

the Negative Output Node to Pif-

Affirma Analog Circuit Design Environment (1) I =]
(/net016) in the pxf form, then slatis: feady T=27 C Simulator: spectre 4
’
Session Sefup Analyses Variables Outputs Simulation Results Tools Help
CI I Ck Ok. Design "E{
Library test i
el mixerl 0 —
Run the simulation. Vew  ochenatic A
Design Variables Outputs [E:
#  Name Value #  Name/Signal/Expr Value Plot Sawe March y
1 prf -40 1 PORT1/PLUS wes all no —_—
2 frf 2.4 2  PORT1/MINUS ves  all no
3 fla 2,36 3 RL1/MINUS wes all no
4 RL1/PLUS yes all no
» Results in fusersZ/cicfovid/simulation/mixzer1/spectrefschematic i{ g /
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Plotting the Power Supply Rejection
« UseDirect Plot function to see the results. In the PSS Results form, select
pxf button. Follow the prompts at the bottom of the form, and select the DC
supply (vdc=2.5v) in the schematic
~: harmon [o="3". M o: harmen ic="2"; M e: harmeon ic="1" /A v: harmonic ="B; N
1 __a: harmenic ="—1"; f=: harmenic="—2"; /u: harmenic="—23"; /
—2@ 11
—3E _ 'BHS
?.; —5@ : -;2 Swree| # spectrum - s ideband
\ Y T T R T Audd To Outputs | Ll
&G 283G ] q4(€5HG ) 56.00G B.4G o - . .




7. PNOISE Analysis

PNOISE analysis, unlike conventional noise analysis,
computes frequency convention effects, noise folding, aliasing.

For noise sources that are bias dependent, such as shot noise
sources, the time-varying operating point acts to modulate the
noise sources. The transfer function from the noise source to
the output is also periodically time-varying, and so actsto
modulate the contribution of the noise source to the output.
The effect of aperiodically time-varying bias point on the
noise generated by the various components in the circuit is
also included.

| nclude the effects of thermal noise, shot noise, and flicker

NoISse.
/
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= PNOISE Analysis Overview(1)

- Thefinal result of the analysis '”pi,@_%ﬂput
IS the sum of the noise i , .
contributions from both the up- Froie e = Tou + K~ PSSing

wheref_ . represents the output signal

converted and down-converted frequengj;/; Ki isthe PNOISE sidebands no.
output frequency specified. T
- By setting the maxsideband LO | .
vauetoK ., al 2" K +1 T T T
' _ + State A
sdebandsfrom Kmax © Kmax PSS, Harmonic no. O 1 2 3 4 g

are generated. The number of A
requested sidebands has asmall ~ Qutbut — >
effect on the simulation time. :

| npu il =T T e e
k PNOISE Sideband no -
7-2
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7 PNOISE Analysis Overview(2)

» When the reference sideband has any value other O,
Single Sideband (SSB) NF iscalculated. To
determine the reference sideband, run a PXF analysis.

« The Noise Summary Table displays the following
data

— Noise contribution (value and %) for each component in
the circuit

— Total output noise
— Total input referred noise

. /
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< Fundamental PNOI SE Assumptions

« Thesmall signal analyses compute transfer function by using
time-domain techniques. The time steps used in these time-

« More sidebands yield greater accuracy, but they take longer to
simulate and use more disk space. If the analysis frequency of
the small signal analysisistoo high, the Spectre ssimulator
warns. Use the maxacfr eq parameter of the PSS analysis to
specify the highest frequency for SpectreRF to usein

Ksubsequent small signal analyses.

domain computations are the same as those in PSS analysis. For
accuracy, the PSS analysis needs to have many data points at the
highest frequency that you want to analyze in the noise analysis.

~

/
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™ PNOISE Analysis Summary

« Specify the information in this table when running a PNOISE
analysis.

The number of harmonicswill likely be
PSS fundamental no less than the PNOI SE harmonics.

Output net (v) or Voltage source (i)| Specify inform

Output sweep frequency Sweep, array or single point
|nput frequency contributors Sidebands
Reference Sideband Noise figure and Input referred noise

\_ /
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L ab6 . Noise Figure

» Modify the parameter values of PORT 1 as follows:

 Inthe Smulation window, select Analyses® Choose; turn
off the pxf analysis.

T‘_'-_'lf
Parameter Value . ; _ I_‘w i
Resistance 50 - | R
Source type dc LR . W el r.-
Frequency frf "] e, B T
PAC magnitude (dBm) | (blank) l o A ) T
Amplitude (dBm) (blank) R e R
Amplitude2 (dBm) (blank) BERCS SN B
Frequency? (blank) { ' Co
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“TSetting Up the PNOI SE Slmulatlon(l)

ing Analyses - - Affirna Analog Circuit Design EnvironmeEd
oK | Cancell Defaultsl Applyl Helpl

Analysis  ~stran - dc ~7 ac « - noise - - x=f
Sens - sp v pdisto ¥ pss

« Then select the pss analysis, and set up the form as e e o
rl ght Periodic Steady State Analysis

Fundamental Tones

I# Name Expr Walue Signal SrcId

3 F2 flo 2,36 Moderate  PORTZ

« Set avaluefor maxacfreq in the PSS Options
form. Set maxacfreq to 20GHz. Remember to set e

“# Beat Frequency

the integration method to gear 2only. Cocarni [ Ao Gacuate

Qutput harmonics

Humber of harmonics | IEE

« Click Apply in the Choosing Analyses form.

INTEGRATION METHOD PARAMETERS

method _| euler I trap _I traponly
_| gear? W gearZonly

Accuracy Defaults {enpreset)
_| conservative _| moderate _| liberal

ACCURACY PARAMETERS Additional Time for Stabilization (tstah) |

Save Initial Transient Results (saveinit) _|ho _| yes

relref _| pointlocal _| alllocal _| sigglobal _| allglobal

~—~

. Oscillator _|
lteratio F \

steadyratio I

~_
b \ |
maxacfreq 20d —— -
Enabled ™ Options...
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« Click on pnoise in the Choosing analyses form, and
set up the form as right:

« A Maximum sideband of 8 implies PNOISE will
calculate the noise out to 8 harmonics of the PSS, , 4, or
18.4 GHz.

« To set the Positive/Negative Output Node, click the
Sdalect button, and select the Pif/Pif- node in the
schematic window.

 Click the Select button and select PORT1 component
In the schematic to set the | nput Port Sour ce.

&Finally, push OK; then Netlist and Run.

ting Up the PNOISE Simulation(2) A

sing Analyses -- Affima Analog Circuit Design EnvironmeEd

oK | Canc I| De faultsl Applyl Helpl
fnalysis - tran . -de ~-ac - hoise o xf
s SBNS - Sp o pdisto -
. pac % pnoise -pxf - envip
Periodic Moise Analy
PES fiwal Frog ¥ {#zy |2.30
Sweeptype - |

Frequency Sweep Range (Hz)

Start-Stop | Start IBK | Stop | 300K

S T “# Points Per Decade .
Logarithmic s | -~ Humber of Steps |2E.E.

Add Specific Points _|

Sidebands

Maximum sideband I |3

» To obtain the Reference Side-Band, run PXF analysis.

Qutput
Positive Output Node |fnet063f_ Select |
woltage | -
Hegative Output Hode I;‘netDSlE. Select I
Input. Source
port | Input Port Source I,f'PDRTl_E_ Select I
Reference Side-Band |1=
Hoise Type
ssssss = |
Enabled Options...
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PSS Results
oK |Cancel| Helpl
Use Direct Plot function to seetheresults. Inthe PSS | o0 v e
Results form, select pnoise button. Click Plot button, “’ e '
and the waveform window displays the results. Eodobipws 3 Hoise Factie
Arnimine
4¢ i noise figure
36 Currently, only frequency data is available
% 20
16
Ry L o o o o o o Add To Outputs | Plot
1K 18K TEEK Th 1M 1EEM 1G
freq ( Hz )

Plotting the NF

~
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Printing the Noise summary Report

It 1S valuable to know the main contributions of noisein a
system. Thisinformation is readily available from a PNOI SE

simul ation.

Hoise Summary
. OK | Cancel | Defaultsl Apply | Helpl
In the Analog Artist
Type -~ Spot noise -4 integrated noise noise unit  ¥Z |

Simulation window, select ey S0 ()[R
From (Hz) |3 To (Hz) | 300M |

Resu I tS ® Pr I nt ® PSS weighting # flat - from weight file |
Noise Summary. The
Noise Summary form - _I—'
appears. Fill theform as |

include instances | El ﬂl

Shown here. exclude instances I Select | Clear |

TRUMCATE & SORT

truncate # none .- by number .- by rel. threshold - - by abs. threshold

i |3 sk ISU sk i IU- 0

sort by M noise contributors _| composite noise _| device name

7-10



®
O

TheNolse Summary Table

* Click OK inthe Noise Summary form, and the Noise
Summary Table displays.

 Notewhat are the main contributions of noise.

| Results Display Window W] 3
Windows Expressions Info Help a2 L4
~ NMO. r=s fn ] 0.0o0
Dewvice Baram HNoise Contribution % 0f Total | | MMO. il fn ] 0. oo
MHO. rd=s fn ] 0,00
FPORT1 rn T.90045e-10 25 76 HHO. cd fn 1] 0.0o
HMZ . ro T 2 1RA38e-10 706 MMO. meore rd L 0.0o0
HHMO . mcore id 2 14053e-10 A 98 NMO. mcore s 0 0. oo
MMl mcore id 2. 1338Ee=-10 £. 06 SEmatchi fn ] 0.0o0
ARl I 2 10988e-10 G B8 ABmatchl fn 0 0. 00
ARO I 2 07627e-10 6. 77 fBbias3 fn 0 0. o0
fEhiasl Tr 1. 98573e-10 G 47 fBbias fin 1] 0.0o0
N4 moore fn 1.309322e-10 4 27 fBhiasl fn 0 0. o0
NM3 . moore fn 1.30236e-10 4 25 FRLZ fn 0 0.oo
MMO. moore fn Q. 85R4%2e-11 3.21 FRL1 fn 0 0.oo
MMl mcore fn 9 B42867e-11 3.15 ARl fn 0 0.oo
MNMZ . mocore id 5. 95928e-11 1.94 FRO fin 0 0. o0
WM. mcore id 5. 04592e-11 1.65 FPORTE ext_file_noise 1] 0. oo
HH3 . mcore id 5. 04257e-11 1.64 FBORT1 ext_file_noise 1] 0. oo
JEL1 rn 4. 3T251e-11 1.43
/RLZ2 fql 4. 34147e-11 1.4% Integrated Moise Summary (in ¥"2) Sorted By Moise Contributors
SBORTE Tr 3.98763e-11 1.20 Total Output Noise = 3. 06T7ZZe-09
SBmatchl r 3. 77525e-11 1.23 Total Input Referred Moise = 4. 383152e-10
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Time Domain Noise

« Thenoisein RF circuitsis generated by sources that
can typically be modeled as periodically time-
varying. Noise that is periodically time-varying is
also called cyclostationary noise.

« Might or might mot be independent (correlated).

» Becomes intricate with nonlinear elements, with
memory, or driven by time-varying signals.

\_ /

7_time _domain-1




“Time Domain Noise Overview

There have been 3 new noise type parameters added to
PNOISE analysis:

1. sources:

— Compute time-averaged total noise power at asignal output, in the
frequency domain.

2. timedomain:

— Calculates the time-varying instantaneous noise power in acircuit
with periodically driven components

— Setting the NOI SE Skip Count=N parameter will only compute the
noise at every Nth timepoint in the PSS waveform.

3. correlations:
K — Calculate correlations in noise at different ports of a multiport ci rcw

7_time_domain-2
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~.Lab7: Calculating TimeVaring\
| nstantaneous Noise Power

Voltage 1 |El. 0% off |

e Create anew schematic
» Uselibrary “analogLib” & (: o R N
“tsmc25rf” to draw the . 'L;f;;f“i -
scheme.

fingers:%. . . . .
« After drawing, Check and

7_time _domain-3

Voltage 2 2.5 % off |
Delay time I' s o
Rise time 100p = o o
Fall time FME -
Pulse width I- ”p.mc:-.s_rf o
Period En s [: 248, 6n S
Frequency name for 1/period |fir fingers:&

B out




ting Up the PNOI SE

Choosing Analyses -- Affirma Analog Circuit Design EnvironmeEd
oK | Can-::ell Defaultsl H.pplyl

Simulation(1)

Open the Design Environment
window and set up a PSS analysis as

shown right:

Click the Options button and set the

method to gear2only.

Click Apply.

Analysis o tran - -dc o AC ~s hoise - - %f
< SENS 3P -~ pdisto % pss
s pac .- pnoise --pxf  -envip

Periodic Steady State Analysis

Fundamental Tones

# Hame Expr Value Signal SrcId

1 fin L4 (En-07 200 Moderate W1

I I I Moderate — | I—

Cearfadd | Delete | Update From Schematic|

“# Beat Frequency
..~ Beat Period 200 Auto Calculate

Output hanmonics

Humber of harmonics — | | 1

Accuracy Defaults {errpreset)
_| conservative _| moderate _| libheral

Additional Time for Stabilization (tstah) 1r,

Save Initial Transient Results {saveinit) _Ino _| yes

Oscillator |

| Sweep _|

Enabled ™ Options... |

7_time_domain-4




: Setting Up the
PNOISE Simulation(2)
* Onthe PNOISE analysisform,

select timedomain in the NOISE
Typefidd.

« Set up aPNOISE analysisas
shown right:

Note: If the Noise Skip Count is set to an
Integer p, then noise will be calculated at
every p+1 points. When the Noise Skip
Count i1s O (default), it calculates the
noise at every timepoint in the final PSS
solution.

N

fnalysis o tran . -dc B | «- hoise - - =f
o SBNS - Sp - pdisto - - pss
-~ pac “# pnoise - pxf -~ envip

g:;

Periodic Moise Analysis

HE Heal Frevmigy (0} IZUDM

Sweeptype = |

Frequency Sweep Range (Hz)

Start-Stop | Start |2 Stop |2UUI§_

Sweep Type

~ Points Per Decade

Logarithmic _ | % Number of Steps loc

Auld Specific Points |

Sidebands

Maximum sideband _ | |1'3F:
Output
Positive Output Hode | /out Select |
voltage .
Hegative Output Mode | /gnd!; Select |
Input Source

none |

7_time _domain-5

Noise Type
timedomain | Moise Skip Count |§

Add Specific Points _|

Enabled ™ Options... |
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Plotting Time Domain Results

v(out)

a8
2.8

1.4

(V)

1, @

—1.¢

» Click the Netlist and Run icon to start the ssimulation.
« UseDirect Plot function to view the time domain plot of

test inverter schernatic @ Jun 18 14:33:37 2EHA2

;v Jout; pss (V)

(

:u Ly P S S S ST S IS S S S AT
1. & 1.8n 2.@n 28N
time { 5 )

4 4N SN
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Noise Results

the PSS Results form, click tdnoise

and set up the form as shown right:
« Click Plot button.

12 Integrated Noizse

—

i . . 0K |Cant:el| Help

Plotting Time Domain = e s e
Analysis Type

- Pss ¥ tdnoise

Function

-~ Output Moise 4 Integrated Output Moise

178
isu | At about 4.1ns when
s, £ Waveformtransition Modifer
| - happens, the inverter is # Magnitude . dB20
118 g .
“ [ themost noisy.
9@.du ¢ [ _ _
- Time Domain Frequency Integration Range
FE A f_ Start Frequency IEI
2@ A f_ Stop Frequency IEUUIff_
Eﬁ,ﬁu-E g JIILll_Jl“‘n— : |
5.8 1.8n 2.8n 3.8 4.6n 5.6
\ tHimeindasx Add To Outputs _| Plot
I~ T -
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Plotting Time Domain Noise Results
on Spectrum(1)

« Todisplay the spectrum

. P5S Results
of the noise results, set oK. | cance el
up the PSS Resultsform  motmoe apend # Replace R
as show right: Arelysts Tvpe

- P55 # tdnoise

Function

| 4 Output Moise . Integrated Output Moise

¢ C“Ck PI Ot See the reSUIt Sweep .- time 4 spectrum
1N the next page. Modifier

4 Magnitude - dB20 ‘

Add To Outputs | Plot

7_time _domain-8



@Plotting Time Domain Noise Results
on Spectrum(2)

ST I IR o BN AE R o RIS o SRS | IR SE I | SRNNESEE RN BRI | SEEUCIN o SRNPEPE T o SRS o BRI
R A LI AR A R o SR | SR o NN J SR VS o SR J SRNTEE N & EENNCCI f SRR o BRI, i
B A ECTE R L J SR o RRNTALI § SR N J SRV I S BRI § SRR § RN R J SRR | IR f SRR 1
11,600 =1 t = et =t et ow: ot s t =1t n:

=1 timeindex="5n";0utput Noise
0: timeindex="2.5n";Cutput Maiss

16 Eu

2L EE

&, HE

FEE

&L EE

N S W

( Vsart(Hz) )

4 B

S B

2B

1.6

1 190 oR ™ 1G0M GG

- T il GG
freq € Hz )
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f 8. Periodic Distortion Analysis

« PDISTO isan analysisthat invokes a series of PSS like analyses over dll
Input frequencies, their harmonics, and the intermodul ations of the
frequencies and harmonics.

« Similar to PAC, the PDI ST O analysis calculates the responses of circuits that
exhibits frequency translations. However, instead of simulating small signal
behavior, PDI ST O models the response from moderately large input signals.

« Use PDISTO to calculate intermodulation distortion from two or more large
Input signals. PDI ST O treats one particular input signal asthelarge signal,
and the others as moder ate signals.

« PDISTO alows arbitrary signal signal inputs, including sums of sinusoids
that might not be periodic, it as aquasi-periodic extension of PSS. PDISTO
can be thought of as an extension of PAC that allows signal signal inputs,
capable of producing third-order products, to be used. )
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PNOISE Analysis Overview

 Internal to the simulator, one input istreated as the large
signal, which causes the most nonlinearity or the largest
response in the circuit.

» Other signals are treated as moder ate and do not need to
be harmonically related to the large signal or integer
multiples of each other.

« The moderate signals can be large enough to create
distortion (near P_, 4z point)

» The ability to sweep PDIST O provides away to perform
Intermodulation distortion calculations with multiple input
\ signals, considered as large signals.

/
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PDISTO v.s. PAC

« PDISTO analysisyields more information than PSS followed
by a PAC analysis, when modeling intermodul ation distortion.

PSS/PAC ResultS .y PSS
A —P»PAC

A go5 4
4 1805

I T ? l\/T 900 905 1800

900 905 ‘> ‘-I PDISTO Results

Input Spectrum RF Amplifier I I -

895 1805

_iA_/\/T 900 905 18TOBT1810 >
\_ /
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Comparing PDISTO and PAC(1)

PSIN Source Type = sine PAC_____. >
A
RF1=900 M Hz |F1=100 MHz |
IF2=99.8 MHz ; A A
A : :
7 LO=1GHz N 4 sl
RF2=900.2 MHZ s =< % -z
4 = 5
amplitude=-30dBm - - e
PSIN Source Type=sine  _ >
RE1=900 M Hz add for harms
o derate IF1=100 MHz
= =
harms=2 or 3 |F2=99.8 MHz = =
RF1=900.2 M = 3
“‘moderate” LO=1 GHz A Al A
harms=2 or 3 “large” R Y ]
harms=5 5 — —
i Vo
@Iitudez—lOdBm © g Sgags g /
— (QV (00)
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Comparing PDIST O and PAC(2)

» The number of harmonics of the lar ge signal does not
affect the smulation time, where the number of harmonics
on the moder ate signals greatly affects ssmulation time.

» Always specify at least 1 harmonic on each signal in a
PDISTO analysis.

« PDISTO analysis does not take aslong as a PSS analysis
with asmall PSS Fundamental, but it islonger than a
PSS/PAC analysis.

8-5



' PDISTO Assumptions

« Unlike PSS, PDI ST O does not required multiple inputs be

* For coperiodic, well separated signals, use PSS.

frequencies, use PDISTO.

* |f only one periodic signal islarge enough to create distortion,
choose PSS followed by PAC or PXF.

.

commensurate or coperiodic. However, they still must be periodic.

 For signals that are closely spaced or not coperiodic, use PDIST O]

* For circuits driven by 2 or more moderate signals or at unrelated

~

/
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Lab8 : Simulation with PDISTO

« Modify the parameter values of PORT 1 as follows:

 Inthe Simulation window, select Analyses ® Choose; turn
off the pss and pnoise analysis

T,'-_'lr " —
- o I_I:-h:: "
Parameter Value SRR 1 T s
Resistance 50 _ﬁ AR vy R
Source type sine *} ",' ot L
Frequency frf L SHCER- b e
Amplitude (dBm) prt B o
Amplitude2 (dBm) prf et S R N
Frequency?2 frf +1M g . I
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~=Setting Up the PDISTO Simulation(1)

* |n the Choosing Analyses form, select pdisto for the analysis. Use
the Clear/Add button to change the values in the Fundamental
tones list box as shown right.

« Remember to select gear20only button in - o [ewefvomsfam|

o Analysis -~ tran < dc xa{:_ « s hoise - xf
the Options form. e I el

« Select Simulation-Options-Analog, e ————

. Fundamental Tones
and set the Tolerance Options as e
recommended.
. 32 flo 2.35  Lerge  PORTZ §
If the S gnal S Ok | Cancel | DEfa"'tsl Apply | He'p= B [€xt (245 Moderate . | [poRTd
A
ar e trul y | ar g e TOLERANCE OPTIONS Cear/add | Delete | Update From Schematic|
]
relax reltol to |™ == ey Dot Grren
Curac eTall B rese
aX O O vahstol I’Jf,g_a qu:sewative _Trnnderate _| liheral
1e_ 4 etol TE Additional Time for Stabilization (tstah) |
' e I | Save Initial Transient Results {saveinit) _|nho _|yes
TEMPERATURE OPTIONS ‘ Sweep |
\ temp IET’ Enabled W Options...
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" Setting Up the PDIST O Simulation(2)

simulation.

Increase the power of the input RF signals from —40 dBm to —30 dBm.(P-
1dB for this circuit is—22 dBm) In the PSS/PAC analysis, you used a PAC

tone that was at least 10 dB below

the 1 dB compression point to
prevent violating the small
signal assumptions associated
with the PAC analysis. This
restriction does not apply to
PDISTO.

Select Netlist and Run button

Affirma Analog Circuit Design Environment (1) =]

Status: Ready T=27 C Simulator: spectre 4

3ession Setup Analyses Variables Outputs Simulation Results Tools

~

» Remember to select the output terminals to be saved and plotted before the

Help

Design Analyses '-E;
Library test .
Cell  mizerl L sl —
. 2 p=f 3 1M 300 100 .. no _|r| -i-
View  schematic 3 pnoise ] IK oM 20 .. 6o , ey
Design Variables Outputs [E:
#  Hame Value I# Name /51gnal /Expr Walue Plot Sawve March y
1  prf =30 1  PORT1/PLUS yes all no —_—
2 frf 240 2 PORTI/MINUS yes all no
3 flo 2,36 3 RL1/MINUS wes all no
4  RL1/PLUS wes all no
5 RLEZ/MINUS wes all no
£ ELZ/PLUS yes all no

= Results in fusersZ/cicfovid/simulation/mizerl fspectrefschematic
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Plotting Simulation Results

Use Direct Plot function to see the results. Follow the

prompts at the bottom of the form, and select instance
terminal (RL1) in the schematic

/

EEN
T
am\CIC
1
EEN

[ ]

0.5
—20.9 (
—40.07 -

- ]
]
= .
— —B0.98 ]
—80.9: 4
—1gw =l
B

ot p{/RLI/PLUS /net@B3); pdisto dBmp

D>
— zoom in

—26.8

_Ip0 L
4.5 1

_EpG L

1 pU/RLI/PLUS /net@63); pdisto dBrmp

PDISTO Results
OK |Cance||

~

Helpl

o5 BT gaga AR

freq ( Hz )

Flot Mode % fppend . Replace

Analysis Type

| 4 pdisto

Function

~~ Current
~ Voltage Gain
~~ Povrer Gain

~~ Yoltage
Power

~ Current Gain

~~ Transconductance - - Transimpedance

~~ Compression Point - - IPN Curves

Currently, only spectrum data is available

Modifier

-~ Magnitude . -dB10 4 dBm

fdd To Outputs |

Repiot |

> 3elect instance terminal on schemadic...
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<& Simulation | P3 with PDISTO(1)

The setup for this measurement is very similar to the one used
for the swept PSS simulation, except you will be using PDISTO
with two moderate tones and one large reference signal.

Modify the parameter values of PORT 1 as follows:

Check and save. B e e v
| RO -
Parameter Vaue e o e
Resistance 50 o
- b } .!",,.- t+' W '—|"' e

Source type sine [ S Y -
Frequency frf LTI “!!“_.eﬁ S B R
Amplitude (dBm) prf W L I SR
Amplitude2 (dBm) prf ST o
Frequency?2 frf +25M { . ) ‘
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imulation | P3 with
PDISTO(2)

* Inthe PDISTO Analysesform, use
the Clear/Add button to change the
values in the Fundamental toneslist
box. Set up the Sweep Range as
shown right.

« Remember to choose the gear 2only
method and set the Tolerance
Options as recommended or relax
reltol to appropriate value. Click OK.

e Run the smulation.

.

Choosing Analyses - - Affirma Analog Circuit Design EnvironmeEd

OK | Can-::ell Defaultsl .H.pplyl Help

Analysis o tran - -dc o A - hoise - - xf
rSENS - Sp “# pdisto .- pss

- pac o pnoise - pEf - Bnvip

Periodic Distortion Analysis

Value Signal SrcId Harms

o.odn
2. 425G

B F1_1 frf+25H Moderate  FORTL 2
3 FZ flao 2,36 Large PORTZ 3

IFl Ifrf |2_4s

Moderate _. | [PORIL

CleariAdd | Delete | Update From Schematic|

Accuracy Defaults (ernrpreset}

_| conserva tive _| moderate _| liberal
Additional Time for Stabilization {tstah) I
Sawve Initial Transient Results {saveinit) _|no _| yes
Sweep W

Frequency Variable? 4 no o ¥ES

Varable = I Varable Mame |Pff.§.

Select Design Variable |

Sweep Range

“# Start- Stop
- Center- Span

Start | -4 Stop | 1]

Sweep Type

“# Linear
+ Logarthmic

“# Step Size
-+ Mumber of Steps

Add Specific Points |

8-12
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PDISTO Results Ed

Ok | Canc:ell Helpl

Displayingthe =™ e

Analysis Type

|P3 Plot(1) o

Function

- Yoltage - Current
-~ POwrer -~ Yoltage Gain

Use Direct Plot function to see v QuTent Gal e 3 wer Gain
-~ Compression Point % IPH Curves

the results. Set up the PDISTO ’

ReSLIItS form aS ShOWﬂ rl ght. Circuit Input Power - Single Point

“# variable Sweep

Follow the prompts at the bottom | ... . o
of the form, and select instance e

terminal (RL1) in the schematic T

S oM 0 —z z [
TEM 1
L T 100M -1 1 0
Harmonic 12EM -1 0 1
LO: 2.3G RF: 2.4 G & 2.425G 150m -1 = z |,
: 1st o o u 0[5
1 order harmonics: 100M & 125M Ordler gm0 -1 1
SO ] -2 @2
. Harmonic TEM -1 o -1
3d order harmonics; 75M & 150M p
Add To Outputs | ﬂl

= Zelect port or net on schematic ...
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Displaying the | P3 Plot(2)

v. troce="1dB/dB";ipnCurves a1 troce="1st Order;ipnCurves E “‘E

_opgg = troce="3dB/dB"jipnCurves 1: trace="3rd Order';ipnCurves : s ** .
0 : Y L

i S et e :

360 | 2 | :
- E ;“““‘ I E

408 [ $° ] :
_ / | :

-S04 1 . I .

: : | :

. —BEg . | .
i . | .
i . °
700 . | :
: I :

~80.9 : ' :

' Net = "/net@B3" o | .

: | :

—90.0 Srd Order freq = 79M I .

: | :

—10g | 1st Order freq = 108M -14.5 dBw E
R e A A AR R RN NRRNNANANL;
—44 -36 -32 —-28 -24 =20 -16 p

prf ( dBm} 00 000000000000 0000600000C0O0COCGOCNINS (]
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9. Oscillator and Phase Noise Analysis

SpectreRF-PSS analysis can be performed on
autonomous or nondriven circuits, such as oscillators.

Oscillator analysis includes two phases:

— Theinitial transient phase:

The PSS monitors the potential difference between the two nodes
specified and the waveforms in the circuits, and this analysis devel ops
a better estimate of the oscillation period of the circuit.

— The shooting phase:

The circuit issimulated repeatedly while the length of the period and
the initial conditions are adjusted to achieve a periodic steady state
solution.

9-1
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Troubleshooting Oscillators

» Does not converge — increase tstab

» Improve the estimate of the period. Be especially carefully
that the period specified is not too short.

« Change the value of the method parameter from gear2only
to trap or traponly.

» Does not converge — increase maxperiods

* |f the shooting iteration approaches convergence and fails,
Increase the value of the steadyratio parameter, but never
set steadratio larger than O.1.

\‘ Change the value of the tolerance parameter.

9-2



tstart

Oscillator PSS Algorithm

\ transient analysis in order to measure the oscillator frequency. /

LTOHS@t‘,I&Z' PSSperoid ~>|<—t5tab4>\<74, I:)Ssperoid —»LPSS*I
S~ A _
—

Ttran Ttran_end

tstart - Start time for transient analysis.(default is 0)

Tonset — Time when the last stimulus waveform becomes periodic.
PSS o — the guess period entered by the user.

tstab — additional stabilization time entered by the user.

maxstep = (Ttran / 50)(default).

The algorithm then adds afurther 4 periods of our guess frequency of

9-3
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“~Oscillator Algorithm and maxstep

 Default maxstep > period if Ttran > 50 oscillator periods. The
oscillator might not start correctly or a metastable state might be
found by the smulator.

« Use tighter convergence criteria or set maxstep < 1/(200° FreqOsc)

* |n PSS shooting iterations stage, maxstep is the smallest of:
— maxstep manual entry
— PSSperiod/(maxharm” 40)
— 1/(maxacfreq” 5)
— PSS Beat Frequency/200

o Setting a high harmonic in the PSS analysis or setting maxacfreq
will only effect the maxstep of the PSS shooting iterations but
NOT the maxstep of theinitial transient section.

- /
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@m - Tunable Oscillator — Transient Analys@

 Cresteanew * .

schematic | D ST

view. .flfgy-- o I; ﬁ_IL R
A adEEs 0 - rodiR@ . onr=4, .

e pdomvctr]
W1

el

=14540 = .
. w_=’IE.54_u

ol
|=

« Uselibrary B
“analogLib” | |
& “tsmcl8rf” - Vaut

WE

to draw the @?;gfj |
scheme. |

]

14 2e=ET7
fingers:12

i I
[T

-
T
I

.
=

fingers: 12
l:4. 2e—E7
wide—FES

tr="10§.9p

- Ussavpulse
sourceto |
kick-start the - |
oscillator. |

K B

9-5




.CIC \
Set Up the Design Environment

* Inthe Design Environment form select Setup ® M odel
Librariesto set up the model library as show below.

« Select Variables® Copy From Cellview to set the variable
vcirl to be some value.

Status: Ready T=27 C Simulator: spectre 6
Session  Setup Analyses Varables Outputs Simulation Results Tools Help spectrel: Model Library Setup E
: 3 :
EETL QDEVEES "E; oK | Cancel | Defaultsl Apply | Help
Library test I# Type Argquments. ... ... Enzhl JTH'EHN
cell a0 i e 0 o000 yes e Model Libracy File Section
TE
View  schematic I?I fsersficic/ovid/181pem pdk/models mmlls. scs £t
: : y Mzersloicovid/181pen_pdk/models mmll8. scs res
R VAR L I:E,, Jusers?/oic/ovid/181pen pdk/models /e £018. scs rf macro
PR Value I# Rt L Valus  Plot Save March y Mzersloicfovid 181pem_pdk/models frf018. socs tt_rfmos
1 wetrl Q0 0m 1  PORTO/PLUS VES YES no
2  PORTO/MINUS yes yes o Model Library File section (opt.)
. Add | Delete Change Edit File Browse... |
~ —

9-6



Transient

Simulation set up

Choosing Analyses - - Affinna Analog Circuit Design EnvironmeaEd

oK | Cancell Defaults | Apply | Help
Analysis # tran . -dc < B - noise - xf
s SBNS - - Sp o pdisto - - pss

=~ Pac o pNoise - - pxT =~ envip

Select Analyses® Choose to set

up the transient ssimulation as
right window.

Set up the form and option form

as shown right:

Push Netlist and Run button.

Transient Analysis

Stop Time I 200n |

Accuracy Defaults (ernrpreset)
_| conservative _ | moderate | liberal

Enabled ™ Options... |

witefinal Ispectre. £

ckptperiod ||

INTEGRATION METHOD PARAMETERS

method _I euler _I trap _I traponly
_| gear2 W gearZonly _| trapgear2

ACCURACY PARAMETERS

relref _| pointlocal _| alllocal | sigglobal | allglobal

Iteratio [

AHNHOTATION PARAMETERS
stats _lyes _|no

annotate _Ino _|title _|sweep W status _| steps

OUTPUT PARAMETERS

save _Iselected _|Ivlpub _[lvl W allpub | all




O
5

~
Display the Transient Results

In the Analog Artist Simulation window, select Results® Direct Plot ®
Transient Signal; then | .. vi¢yner)

select Voutl nodein '
the schematic and pres:
ESC key to end the
selection. The Voutl ao |
transient node voltage '
appearsin the
Waveform window.

——
=

18 |

N R T R S
0.0 1@n 20N 30N

time ( s )
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Oscillator Notes

* When applying initial conditions to start an oscillator, first run
atransient analysisto get the voltages for afew nodes in the
circuit. To set theinitial conditions for the next run, select
Simulation — Convergence Aids— I nitial Condition.

 Inthe Transient Options form, set a value such as spectre.fc for
the writefinal parameter inthe STATE FILE PARAMETERS
section. The spectre.fc file will have all of the final conditions
on the nodes in the circuit.

« Before running another transient or PSS analysis, set readnsto
spectre.fc in the CONVERGENCE PARAMETERS section of
the Options form.

- /
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spectre.fcfile

Z CIC
M CHECKPOINT_¥ERSION 1

# Generated by spectre from circuit file "input.scs”™ during analysis tran.
# 4:41:44 PM. Thur Jun 20, 2002

# Number of equations = 77

MM2:-int_d 1.38143129288017
MMZ2:int_s 4.27510716664238e—05
nethb -0 .150439862589224

net/ 0.202993505669876

netll 2.2502101/7248973

netl9 1

net2b .9

net3b 0.779556456246658

net39 0.776441932715426

net43 1.06676286864526

net49 1.675945%9972117

netb’ 1.92889948704024

netbhd 1.38147572492745

PORTO:p 0.00405987011339/51

YO:ip -0.0/732141329919096

¥1i:p 0.0003586060090664 79

V2:p 1.1956494590698e—-05

vdd! 1.8

CO.diode:zint_a ©0.899821441348/85
Co.n2 —0.1059205/70737303
Cl.diode:int_a 0.900467/622111242
Cl.n2 0.115359200575381

C2.1s:1 -0.00405987011339/751

C2.nl 0.211926869155686
c2.n2 0.203959/36445305 4////
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- Usethe DFT Function A

* |Inthe Waveform window, click the Add Subwindow icon, then a
subwindow with alabel of 2 in the upper right corner is added.

» Click the Calculator, then the calculator appears.

« Click the vt button in the Calaulator and follow the prompt at the bottom of
the schematic window. Then select the VVout1 node in the schematic and
press Esc; click and hold Special Functions and select dft form from the

Special Function list.

Calculator _ O
Window Memores Constants Options Help | 61
i i dfE (VT (" fnetT"), 100n, 2000, 1024, "Rectanqular”, 1, 1] j
* Fill intheform asfollows: And ,

. Evaluate Buffer _| Display Stack _| 4 standard -~ RF

CI I Ck OK . hmwserl vt | it | Iastxl xuyl dwnl up | sto I rcl I Special Functions — |
wave | vT | if | clear | clst| app | sin | asinl magl In | exp | ahs |
fory | vo | i || enter | mdo] eox || cos | svus| phese] cgho] 10m] it |
0K | cancel | Defaultsl Apply | Helpl epiot || vc | e | - | 7 | 8 | 9 | tan | atan| real | aB10] yx| 1ix |
: : piot || op | opt| + | 4 | 5 | & | sinn|asinh| imag| dB20| x*z| sqrt |
AT Il@n Uz IQDDI}' Humber of Samples Iw%' printvsl vh | var| * | 1 | Z | 3 | cushlaj:nsr{ fl | fZ | 3 | f4 |

Window Type %I Smanihing Fanior |1 R | i | - | 0 | _ | vy | tanhlatanhl

\uher&nt Gain  (none) | |1—
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The Frequency Domain Results

~

« Finaly, inthe Calculator, click erplot

 Notetheinitia estimate of the
oscillation frequency Is developed.

Wawveform Window 40 — - Affinma Analog Circuit Design Environment (2)

=x: 23.33n w: —-Z290.5m WT("fnet7")

Window Foom AxXes Curves Markers Annotation Edit Tools

260 |

3gpm 1 dftVT("/net?™) le—@7 2e—87 1824 "Rectangul

Tramsient Fesponse o J ZIBSGHZ
rr rr rr rr “Egm T
1.4 oz WIS et ) S@EEm 1 dftOVT(T et )y 1e— i
| ZE@Em | 7 W SIS T N N I T y
. o 2.0760G 730 7.350 2.3000
= zoom in
—1.@ | 1EEm |
—zm [ L ! 1 mea L L i { 4J i
& .5 180 2dn 3dn @3 2.FG ENAE 8.3
time { s )
mouse L: mouseasaddEPE() M: R:
Please select the object to be deleted.
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OK | Cam:ell Defaultsl Applyl Helpl

* In the Choosing Analysis window, turn off the e A A Am A A
transient analysi's, select the pss analysis and set up the
form aS rl ght Fundamental T:::dic o

I# Hame Expr Value Signal SrcId

« An estimate of 2GHz was selected for Beat Freguency. ’ —
. [[ l | Moderate — |
It’s recommended to estimate a lower frequency than Goaan | Dokte]  upset From chamtc

“# Beat Frequency

eXpECted to hel p | n the Converger]ce- - Beat Period 2 Auto Calculate |

Output hanmonics

Humber of hanmonics | |1:

 Thevaue of tstab is set to 100n to inform the
simulator that the oscillation needs 100ns to stabilize to
a steady-state waveform.

Accuracy Defaults (errpreset)
_| conserval tive _ | moderate _| liberal

Additional Time for Stabilization (tstab) | 100z

° Remember to Choo% the g%r 20n|y method I n the Save Initial Transient Results (saveinit) _{no _| yes

. Oscillator W Oscillator node I fnet® Select |
Optl OnS f Or m . Reference node I Fond i Select |

'« Click Apply. o —
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SS'PNOI SE Analysis(2)

 Next, click the pnoise button, and set up the PNOISE
analysis asright:

* The phase noise from 1 Hz to 10 MHz, relative to the
derived oscillation frequency, will be calculated.

» The Sidebandsfield is set to a Maximum sideband of
0. Inthis case, you are interested in the upconverted
1/f device noise to the oscillation frequency. To
account for higher harmonics of the oscillator that also
contribute noise, change this value.

* No Input Source is specified.
 Click OK.

.

Choosing Analyses -- Affinna Analog Circuit Design EnvironmeEl
0K | Cancell Defaultsl Applyl

Analysis s tran - -dc W ac o noise .- xf
v ~osp sopdiste op
< pac % pnoise - pxf - envip

Periodic Moise Analysis

FRE fpat Promensy (i) |26

Sweeptype relative |

Frequency Sweep Range (Hz)

Start- Stop _.| Start |L

Relative Harmonic I i

Stop | 10%

3 T
eeR e “# Points Per Decade .
Logarithmic — | -~ Number of Steps IEE.E.

Add Specific Points |

Sidebands

Maximum sideband | I':I

Output
Positive Output Mode I,-’netj?_ Select |
oltage
Negative Output Hode I,-"net-f_ Select |
Input Source
none _||
Hoise Type
ssssss = |
Enableq W Options...
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Run PSS & PNOISE Simulation

e Click the Run Simulation icon and use
Direct function to see the results.

« Compare the oscillation frequency with the
previous transient results.
 Click Plot icon, and the waveform window

appears.

3¢ ¢ Phoss Moise; dBc/Hz, Relative Harmonic = 1

¥ Pss Beat Frequency

P33 Beat Frequency = 2.35046G

Add To Outputs Flot

freq { Hz }

PS5 Results PS5 Results
0K | Cancel Help|| OK | Cancel Help
Flot Mode 4+ Append - Replace [I:t Mode 4+ Append - Replace
fnalysis Type alysis Type
pss & pnoise pss & pnoise
Function unction
Output Hoise Input Hoise Output Hoise Input Hoise
Hoise Figure Moise Factor Hoise Figure Moise Factor
Transfer Function Phase Hoise Transfer Function ¢ Phase Noise

Pss Beat Frequency

furrently, only frequency data is available

uld To Outputs Flot

AL {TEAK —54.98ED)
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